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17.1 Strea

17.1.1 Chan tion 

hannel morphology (i.e., pool-riffle, step pool, cascade etc.) is largely a 
function of channel size, gradient, and valley confinement (Kellerhals et al. 1976, 
Bisson et al. 1982, Rosgen 1994, Montgomery and Buffington 1997). These 

types within a basin, 
nd the proportion of each, can be obtained solely through analysis of the DEM.  

radient are generally correlated (narrow channels tend to be 
steeper) (Leopold et al. 1964) so that gradient alone provides a useful measure 

cascade, boulder-cobble step pool, meandering pool and riffle, and braided. For 
example, meandering pool and riffle channels are often located in channels less 
than 2% gradient. Boulder and cobble floored, step pool channels generally range 

ethodologies described in this appendix pertain to the Stream Chann
fication, Hydrology and Water Use and Sediment Source chapters of this
pters 4, 5 and 7, respectively). 
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nel Classifica

C

attributes can all be estimated with digital elevation data (drainage area correlates 
well with channel size), so that an initial estimate of channel 
a

Channel size and g

for delineating channel types. Common channel types include bedrock–boulder 
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in g de channels are often in excess of 4% (Grant 
1990).   

Channel gradient is also an indictor of channel susceptibility
disturbance or land use related impacts. In general, lower-gradient channels in 
unc lleys are the most susceptible , degradation, 
and d with increases in s  and floods (Miller 
and Benda 2000). Steep, bedrock, and bould nnels are the least 
susceptible to channel disturbances.  Local reach-s
mor iated with landsli es, and 
tran fined and unconfine asures of 
channel type, together with measures of heterogeneity provided by 

  For 
the first system, parameters include 1) channel gradient and 2) channel 
confinement (indexed by valley width/channel width).  For the second system, 

ry 

17.1.2 Con

 not often quantified.  Tributaries can deliver higher inputs of nutrients 
and invertebrates that have been shown to increase primary and secondary 

ity in receiving streams at confluences (Kiffney and Richardson 2001, 

al scale, topographic knick points in rivers 
 fans and sediment mixing at tributary intersections 

ty of morphologic effects at and near confluences including 
 bed 

substrate including boulder deposits and rapids, deeper and wider channels, mid-
channel bars, ponds, and log jams (Church 1983, Best 1986, Grant and Swanson 
1995, Hogan et al. 1998, Rice et al. 2001, Benda et al. 2003).   

radient from 2 to 4%, and casca

 to natural 

onfined va to channel aggradation
 instability associate ediment supply

er-floored cha
cale changes in channel 

des, tributary confluencphology are also assoc
sitions between con d valley segments. Me

parameterizations of topographic controls on erosion, landslide abundance, 
density of channel confluences, and variations in valley width provide a more 
complete characterization of river environments needed for landscape analysis. 

Two channel classification systems are used in the Wilson River watershed.

parameters include channel gradient, 2) channel confinement, and 3) tributa
confluence effects (this parameter is described below). 

fluence effects and decay of confluence effects 

The influence of tributaries on mainstem streams and rivers are well recognized, 
although

productiv
Wipfli and Gregovich 2002).  Fish may use tributary mouths as thermal refugia 
(Scaarnecchia and Roper 2000) or as dispersal corridors that support higher 
species diversity (Osborne and Wiley 1992).  Tributaries also alter the hydraulic 
geometry of receiving streams including width, depth, and bar size and 
occurrence (Best 1986, 1988, Roy and Woldenberg 1986), and they can alter the 
particle size distribution either coarsening or fining the channel bed (Rice et al. 
2001). Variations in hyporheic exchange also commonly occur at confluences 
(Baxter and Hauer 2000). 

On a somewhat larger morphologic
associated with tributary
result in a large varie
terraces and wide floodplains, channel meanders and braids, changes in
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All of these nutrient, thermal, and morphological effects can contribute to habitat 
heterog i  confluences n ots (Benda 
et al. 2004,a). , the pattern of the channe s of 

orphological effects of confluences may tend to be most 
pronoun ortions of rivers and may decline in steep, narrow 
valleys where high stream energy quickly erodes fans, or in wide valley floors 
where fans are i ime of a 
watershed, particularly if it is punctuated in time, may influence how tributary 
confluences affe is aspect is discussed in 
greater detail in the four isturbance. 

The ext ts in mainstem channels should decrease 
downstream due to the fi
introduced into fusive 
sediment transp use a decay of sediment 
related changes d

tial decay in effects. This concept 
has been creasing grain size observed downstream of 
sediment sources (e.g., tributary junctions). To apply this concept here, the 
probability of tr
of each tributary junction, with a magnitude that decays exponentially with 
distance: 

the parameters file. Appropriate values must be 
determined empirically. Values reported in the literature span two orders of 

Thus, Classification System #2 for the Wilson River that includes the decay of 
ts is meant to differentiate the channel network based on 

ene ty and hence tributary
 Consequently

 ca  be biological hot sp
l network in term

spacing and size of tributaries in a watershed should influence the non-uniform 
distribution of certain types of habitats and habitat heterogeneity linked to 
confluences. Overall, m

ced in lower-gradient p

solated from mainstem rivers. In addition, the erosion reg

ct mainstem channel morphology and th
th domain of climate and d

ent of sedimentary effec
nite amount of sediment (and organic) material 

the mainstem channel from the tributary.  In addition, dif
ort (e.g., Lisle et al. 2000) should also ca

ownstream of confluences.   

In NetMap, the GIS-based geomorphic process model used in this watershed 
analysis, tributaries are viewed in terms of sedimentary links (sensu Rice 1998, 
Rice et al. 2001) with a downstream exponen

 used to describe de

ibutary effects is applied to mainstem channel pixels downstream 

Px = Px0e-αx

Here Px is the probability of effects at a distance x downstream from the 
tributary, Px0 is the probability at the tributary, and α is a decay coefficient 
(referred to as a diminution rate in the literature). A value for the decay 
coefficient is specified in 

magnitude, ranging from ~0.05 to 5.0 km-1.  

confluence effec
likelihood of encountering confluence-related environments. 
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17.1.3 Habi

acteristics (channel 
gradient, valley confinement, and mean annual flow) and salmon abundance have 

ed to create a habitat index called “intrinsic potential” in the Oregon 
Coast Range; intrinsic potential (IP) indices have been developed for rearing 

 
d 

g., 

Habitat intrinsic potential (Burnett et al. 2003) only contains three parameters, 
radient, valley confinement, and mean annual flow.  Thus, IP provides a very 

ly 

 include wood accumulation type and tributary confluence environments.  
Thus, the “Create Aqu e 
parameter “Habitat Int
and wood accumulatio a s); et e 

e created during this analysis for the fi  in the saved files in 
the “Create Aquatic Ha In ” tool

e Areas 

d on Martin et al (  a lated literature on sal id habita
– Core Areas), NetMap defines core 

s a group of c t bitats 
pulation.  A  of habitats r o multiple patches that contain the 

ical a ents required for each salmon life phase and 
nected by t v ts of fish between different habita

Connectivity implies the habitats are physically accessible and are located within 
e migratory and dispersal range of most individuals in the population.  Other 

habitats may provide for life history functions, but are not essential to population 
 low productivity (production potential), poor connectivity, or 

at is large enough and the 
ecological functions are persistent enough to  population over time.    

Core are fined by habitat quality  connectivity.  
Habitat ita ats to support life phase 

tat Intrinsic Potential 

Empirical relationships among three physical channel char

been us

habitat of coho salmon and steelhead trout (Burnett et al. 2003).  High IP values
for coho require channel gradients between 1 and 4 percent and unconfine
channel environments (wide valleys).  Intrinsic potential does not account for 
existing conditions that may reflect natural or land use disturbances.  NetMap’s 
habitat creator automates the calculation of IP using published relationships (e.
Burnett et al. 2003), with values ranging from 0 to 1 (1 = highest potential).  The 
IP index for steelhead trout requires gradients between 4 and 8 percent and 
confined channels.  

g
general accounting of coho habitat and steelhead habitat.  Other factors are like
important in controlling quality and abundance of salmonid habitat.  For coho 
this may

atic Ha
rinsic 
n type

bitat In
Potentia
s (jams 

dices” tool in 
l-Plus” for coh
nd partial jam

NetMap was u
o using conflu

 refer to N

sed to create th
ence effects 
Map attribut

fil le parameters (found
bitat dices ).   

17.1.4 Habitat Cor

Base 2002) nd re mon ts 
(reviewed in NetMap Tech
habitats a

nical Help 
onnec ed ha that are essential to sustain a viable 

salmon po group efers t
physical and biolog  habit t elem
that are con he mo emen ts.  

th

survival because of
lack of persistence over time (consistently support multiple generations).  
Sustainable means that the core area group of habit

 maintain the

as may be de , persistence, and
quality generally applies to the su bility of habit
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function d m ical and 
biologic  areas that have the potential to form suitable habitat 
within a population’ ong these, 
the habitat patches that are functionally persistent enough to maintain the 

of 

) of 
ts 

y (e.g., IP, proximity [length 
cale], and persistence [length scale]). 

17.1.5 Biological Hotspots 

Biological hotspots refer to locations within networks that may have a 
combination of conditions conducive to creating highly productive and diverse 
habitats.  A biological hotspot parameter was created in NetMap using the 
“Create Habitat Indices” tool using only the parameters of confluence effects, 
gradient, and valley confinement; the model is saved in the tool and is called 
“Wilson_hot”. In this model, confluence effects that are considered 
overwhelmingly important (see the NetMap parameter of confluence effects 
described above) were given twice the weight as the other parameters. 

17.2 Hydrology and Water Use, DHSVM model parameters and 
derivations 

All spatial data were processed using ArcView 3.3 GIS software, with the Spatial 
Analyst extension.  The DHSVM model itself was run on a Linux workstation 
running Debian Linux version 4.0. 

17.2.1 Spatial input data 

Spatial data inputs included digital representations of topography, vegetation, 
soils, streams, and roads.  Topography and stream data were constant among 
model runs.  Vegetation and roads varied by management scenario.  Soils were 
modified for the post-fire scenario to capture the effects of hydrophobicity. 

s (e.g., spawning and rearing) an ay include both phys
al elements.  All

s distribution zone are candidate core areas.  Am

population over time have the highest probability of being core areas.  Habitat 
connectivity controls potential use.  Habitat proximity to migration/dispersal 
routes (configuration) and distance between patches influences the probability 
use and relative importance of habitat patches to the core population.  Also, 
connectivity between areas with different functions (spawning or rearing) is 
important because it enables a viable life history pattern. 

NetMap uses three criteria for predicting core areas: 1) habitat quality, 2) habitat 
proximity or connectivity, and 3) persistence, addressed by the size (length
habitat patches.  NetMap contains a tool for predicting core and satellite habita
using user-defined thresholds for habitat qualit
s
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Digital Elevation Model Data 

One-third arc second DEM data (~7 meter native resolution) was acquired for the 
project area1 and re-sampled to 100-meter resolution.  The resulting DEM was 
then filled to eliminate “sinks”; locations where the model would not “drain” in
downstream direction.  A mask file was also created from the resultant DEMs 
that is used by DHSVM to identify which pixels are inside and outside of the 
study subwaters

 a 

heds.  These DEM files (and all subsequent raster files) were 
then exported from the GIS in a binary format for input to the DHSVM model. 

Vegetation 

Vegetat  from several sources.  For ODF lands, the ODF 
vegetation polygon GIS coverage2 was used as the starting point.   Data from the 

 
 

 data 

  

Table 80.  Crosswalk be DHSVM vegetation codes. The heirarchical coding 
system used as part of t binations of conditions for use 
in the DHSVM model. A represent burned lands in the 
post-fire modeling scenario. 

ion data were obtained

Oregon State University Landscape Ecology, Modeling, Mapping and Analysis 
(LEMMA) project3 were used as the starting point for all non-ODF lands.  A 
riparian area coverage4 was developed as part of this assessment, and was used in
place of the ODF/LEMMA data for all areas within 100 horizontal feet of the
channel migration zone.  The ODF and riparian coverages had stand designations 
that follow the ODF Forest Projection System (FPS).  The LEMMA data were 
reclassified into FPS categories using available attributes from the LEMMA
set.  The FPS codes were grouped, resulting in a total of 45 possible forested 
combinations, and two non-forested types (Table 80).  

tween FPS and 
he FPS was collapsed into 47 possible com
n additional non-forest class was added to 

Grouping 
Factors Description Parameters 

FPS Factor 
Code 

DHSVM 
Factor Code 

Douglas-fir 1D 
Hemlock 1W FC  

 
 

Single Spec
Hardwood 1H FH 

ies 

                                                 

sgs.gov/
 
1 http://seamless.u   

gons clipped from Tillamook and Forest Grove District coverages. The Tillamook Distric
neated and attributed by Duck Creek Associates in 2006. Th

2 Vegetation poly t 
coverage was deli e Forest Grove portion 
development is not documented. 
3 http://www.fsl.orst.edu/lemma/  
4 Riparian classification was conducted within 100 feet of the Channel Migration Zone on fish bearing and 
perennial streams using 2005 DOQs, and Vegetation Classes were assigned to relatively homogenous 
polygons using ODF/FPS code system.  See Riparian section 6.1 for further details. 
5 Single / Multiple Species Calls: For stand with average DBH of all trees <5.5”, Single Species has > 80% 
of the TPA in DF, WH, or Hardwood, Multiple Species has <=80% of the TPA in DF, WH, or Hardwood; 
For stands with average DBH of all trees >=5.5”, Single Species has >80% of the BA in DF, WH, or 
Hardwood, Multiple Species has <=80% of the BA in DF, WH, or Hardwood. 
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Grouping 
Factors Description Parameters 

FPS Factor 
Code 

DHSVM 
Factor Code 

Douglas-fir majority 
mixtures DX 

Hemlock majority 
mixtures WX Multiple Species 

Hardwood majority 
mixtures HX 

 
Tree Species5

Other Species All other species 
(singular or mixture) OT 

FM 

Early and Mid-Seral Seedling <8” DBH 
(L40) 1 1 

Late Seral: small DBH (L40) >=8” and 
<14” 2 2 

Late Seral: medium DBH (L40) >=14” 
and <20” 3 3 

Late Seral: large DBH (L40) >=20” 
and <30” 4 4 

 
 
 
 

Tree Size6

 

OFS Candidate DBH (L40) >=30” 5 5 
Low density and/or 

patchy stocking SDI 56% <30 L L 

Medium density 
stocking 

SDI 56% >=30% and 
<50% M M 

 
 

Stand Density 

Stocking homogenous 
stocking 

 >=50% H H 

+ Horizontal 
Variety of 

7

Higher density 
and/or SDI 56%

Non-forest types with some very sparse (<=5% tree cover) NFT 
All other non-forest types NF 

 

 conditions 

The composite GIS coverage described above was used to represent current 
vegetation conditions within the assessment area.  The current vegeta

Current

tion 
conditions coverage was transformed to raster format, with a pixel size that 

atches the other spatial data (i.e., 100 meters).  A summary of current 
vegetation conditions is provided in Appendix G. Current and Potential Future 
DHSVM Vegetation Types and shown on Map 61. 

Potential Condition 

                                                

m

 
 
6 L40 refers to the largest size trees in a stand, specifically the mean size of the largest 40 (DBH) trees per 
acre. 
7 SDI 56% is the Stand Density Index, in percent, of the 5.6” and larger DBH tree (all species) in the stand. 
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In the assessment of the potential8 conditions of the landscape, it is important to 
consider the native disturbance patterns that help define these conditions, and to 
extrapolate a landscape-level view of how those disturbances may affect the 
potential distribution of vegetation structures.  We developed a Structural Range 
of Variability (SRV) that describes landscape-level patterns of forest structure 
and composition, assuming natural (or historical) patterns of disturbance are 
operating.  The SRV analysis is not intended to be a stand-level analysis; rather it 
is used as a guide to evaluate how a landscape is functioning with respect to 
forest structure and composition, given a suite of disturbance patterns.   

Three structural stages were identified that describe a given forest stand (Table 
81).  SRV distribution percentiles represent likely median values for the analysis 
area, though these percentages are typically expressed as a range.  Current 
conditions in the assessment area are skewed towards the Early Structural (ES) 
stage as a result of extensive wildfire and post-fire salvage, with only a minor 
proportion of the area in an Advanced Structural (AS) stage (Table 81).  The 
proportion of current vegetation in the Intermediate Structural (IS) stage is 
comparable to what would be expected historically given the SRV assumptions. 

Table 81.  Structural range of variability (SRV); and estimated values for current conditions, 
potential future condition, and post-fire conditions used in DHSVM model runs.  

 

All lands ODF lands only 

SRV Description SRV Range 
Current 

conditions

Potential 
future 

condition 
used in 
DHSVM 
model 

Post-fire 
scenario

Current 
conditions

Potential 
future 

condition 
used in 
DHSVM 
model 

Post-fire 
scenario

ES (Early Structure) 
5 - 15% of 

area 40% 20% 96% 33% 10% 98% 

IS (Intermediate 
Structure) 15 - 45% 43% 19% 1% 49% 20% 0% 

AS (Advanced 
Structure) 45 - 70% 17% 61% 3% 18% 71% 2% 

 

Though the SRV analysis is a landscape-scale analysis, the DHSVM inputs 
require stand-specific assignments of potential future vegetation conditions.  The 
primary assumption for this analysis was that historic disturbance followed 

                                                 
 
8 The term “poten s are 
grown out over a 1

tial” is defined here as stand conditions that are likely to occur if the existing stand
00-year time period.  
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stochastic events on the landscape; as such, stand-level Structural Stage 
classifications were altered from the Current Condition following a random 
distribution.  For each current vegetation type a logical next structural stage ty
has been defined

pe 
e next 

 held constant.  
A summary of potential future conditions used in the model are given in 

 
 of 

Post-fir

alue 

DHSVM Veg

 

ly Leaf Area Index (LAI) 

er unit of ground 
area, and is useful to describe the primary productivity of a system, or the 

s 

s 

                       

9.  Stands were randomly selected for advancement into th
logical structural condition (e.g., low density/patchy stands were advanced to 
medium density; late seral large advanced to OFS candidate; Table 80).  
Following this method, all ODF lands within the analysis area were assigned a 
DHSVM classification code (Table 80) to represent a “snapshot” of a likely 
historic vegetative condition.  Conditions on non-ODF lands were

Appendix G. Current and Potential Future DHSVM Vegetation Types, shown on
Map 62 and the selected potential future conditions fall within the likely range
SRV conditions (Table 81). 

e conditions 

A post-fire vegetation data layer was created by assigning a non-forest grid v
to all portions of the assessment area that were burned in the 1939-45 fires (Map 
10), and using potential conditions values for all unburned areas.  SRV 
conditions for the post-fire scenario are given in (Table 81). 

etation Parameters 

Each unique vegetation classification code (Table 80) was assigned a suite of 
parameters that the DHSVM model utilizes to predict the influence of vegetation
on stream flows.  Among all classifications, the primary differentiators included: 

• Fractional Coverage (% cover in overstory trees).   

• Canopy and understory heights 

• Overstory month

Fractional coverage was taken form the FPS class (Table 80).  Canopy and 
understory heights were taken from ODF Stand Level Inventory (SLI) data.   

Leaf Area Index (LAI) is the ratio of leaf area (needle surface) p

photosynthetic activity throughout the year.  Because the DHSVM model utilize
time-series climate data, it is important to have an understanding of plant activity 
throughout the year to calculate the amount of moisture lost from 
evapotranspiration.  Direct measures of LAI are complex and unavailable for thi

                          

section of the assessment for a more in-depth treatment of SRV. 
 
9 See the riparian 
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analysis; values were obtained from previous DHSVM studies (Bowling and 
Lettenmaier 1997) and from the Land Data Assimilation System (LDAS)10 to 
estimate appropriate ranges of monthly LAI for each of the vegetation typ

Studies of canopy height and LAI measures reported elsewhere (Bo

es. 

wling and 
Lettenmaier 1997) suggested the use of canopy height as a predictor for LAI 

ple, the relationship provides a basis to 
“fine tune” LAI estimates with canopy height data specific to the analysis area.   

Figure 56. 
presented in Bo

he 
f).  

an LAI generated from canopy height information to provide an 
estimate of seasonal flux in LAI among the DHSVM vegetation classifications.  

                       

(Figure 56).  Though not a complete sam

 

 

tionship between mean annual LAI and canopy height.  Adapted from data 
wling and Lettenmaier (1996). 

 

Because LAI varies throughout the year, LDAS data were used to evaluate the 
seasonal flux for forest and non-forest ecosystems.  Three general forest 
ecosystem types were selected to “bracket” the forested types represented in t
analysis area (evergreen needle leaf, mixed cover, and deciduous needle lea
The average of the monthly values provided a profile by which a monthly 
correction factor could be derived.  This monthly correction factor was applied to 
the modeled me

y = 0.4811x + 0.419
R2 = 0.89

 

5 

0 

5 

0

5

0 10 20 30 40 50 
Height (m)

10

1

2

2

L
A

I 

Rela

Understory LAI was applied in a similar manner, grouping all DHSVM classes 

                          

.nasa.gov/LDAS8th/MAPPED.VEG/web.veg.monthly.table.html
 
10 http://ldas.gsfc   
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as either forested or non-forest/seedling components (closed shrub model from 
LDAS). 

Other values were determined through published literature (Bowling and 
Lettenmaier 1997 and Storck and Lettenmaier 2000), with minor adjustments 
appropriate to the Wilson River area.   Appendix H, DHSVM Configuration File 
contains all parameter values for all 48 vegetation types. 

Soil 

ural 

 

rted for 

Soil ma

tural 
.  Six distinct textural types were defined for the assessment 

                       

The DHSVM model requires spatially distributed information on both soil 
textural characteristics and soil depth.  Model parameters associated with text
class determine the rate at which moisture moves through the soil profile under 
saturated and non-saturated conditions, while soil depth controls the volume of 
soil moisture, as well as the interception of soil moisture by stream and road cuts. 
Soil characteristics were held constant among all model runs, with exception of 
the post-fire scenario, where infiltration rates were altered to reflect post-fire 
hydrophobicity.  Maximum infiltration rates were reduced by one order of 
magnitude for all soils in burned areas in the post-fire scenario.  A drop in 
infiltration rate by one order of magnitude is consistent with values repo
PNW fire areas (Wondzell and King, 2003). 

pping 

Natural Resource Conservation Service (NRCS) Soil Survey data for Tillamook 
and Washington Counties11 were used to map soil depths and textural classes 
(Figure 57).  The database accompanying the Soil Survey provided details on 
textural type and typical profile depth.  Multiple soil types with similar tex
types were combined
area (Figure 57). 

  

                          
 
11 http://www.or.nrcs.usda.gov/pnw_soil/or_data.html  
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Figure 57. Soil depth (upper right) and textural class (lower left) for the Wilson River assessment 
area.  Data from

DHSVM

  

 NRCS soil surveys of Tillamook and Washington Counties. 

 

 Soil Parameters 

Sixteen soil parameters need to be defined for each of the six soil textural types:

Lateral hydraulic conductivity Exponential decrease in lateral 
hydraulic conductivity 

Maximum infiltration rate Capillary drive 

Surface albedo Number of soil layers  

Porosity Pore size distribution 

Bubbling pressure Field capacity 

Wilting point Bulk density 

Vertical conductivity Thermal conductivity  

Thermal capacity Manning’s n              
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Values for each textural type were estimated based on several sources includ
the USDA Soil Water Characteristics Hydraulic Properties Calculator

ing 
et 

Streams 

Stream 

tion that the vector stream coverage matches 
exactly the topographical low points (i.e., the valleys) in the DEM.  

ed the 

DHSVM

idth • Active channel depth 

• Channel slope • Channel roughness 

12, Meyer 
al. (1997), Bowling and Lettenmaier (1997),  LaMarche and Lettenmaier (1998), 
Freeze and Cherry (1979), and Dunne and Leopold (1978).  Appendix H, 
DHSVM Configuration File lists the values used for each of the soil types. 

The DHSVM model requires spatially distributed data on the location and 
characteristics of stream channel types.  Stream locations and characteristics 
influence where, and under what conditions, subsurface flow becomes surface 
flow and the rate at which streamflow is routed to downstream locations.  The 
model uses a simple linear routing algorithm to move water through the channel 
system. 

mapping 

It is critical to the model’s opera

Consequently, it was necessary to construct a vector stream coverage from the 
DEM.  This was done by varying the number of upstream pixels needed for 
channel initiation so that the created stream vectors reasonably approximat
ODF stream coverage for the area.  The resultant coverages closely approximated 
mapped stream locations and extent.  The ODF stream coverage contains 2,313 
miles of stream within the DHSVM assessment area, while the miles of stream 
derived from the DEM was 2,217. 

 stream parameters 

Parameters that need to be estimated for each stream segment include: 

• Active channel w

Channel width and depth were estimated based on equations given in Clarke and 
others (Unpublished): 

Active-channel depth: 

H  = 0.327966*A  r  = 0.64; df = 273; p < 0.0001 

Where: H  = active-channel depth (m) 

                         

a
0.25192 2

a

                        
 
12 http://hydrolab.arsusda.gov/soilwater/Index.htm  
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A =  drainage area (km2) 

Active-channel width: 

W  = 10.7013*Q0.3976 r2 = 0.89; df = 271; p < 0.0001 a

a (m) 

on 

Where: W  = active-channel width 
Q = modeled mean annual flows (m3/s) 

Mean annual flow in the preceding equation was estimated based on an equati
from Lorensen and others (1994): 

Mean annual flow: 

Ln(Q) = -11.972 + 0.990*ln(A) + 1.593*ln(P) r2 = 0.96; n=48 

A = drainage area (acres) 
P = mean annual precipitation (inches) 

 

Roads and Ro

 First, 
 on 

 
 

g 
 input 

Road m

 (DCA) mapped road locations within the Wilson river 

 
, 

Where: Q = mean annual flow (cfs) 

Estimated average precipitation for the assessment area was 120 inches.  
Drainage area was calculated at the upstream end of each channel segment.  Each
segment was then assigned to one of ten classes, and channel width and depth 
were assigned by class.   

Channel slope was calculated within GIS.  A roughness value of 0.065 was used 
for all stream segments. 

ad Drainage 

Roads have two primary effects within the DHSVM model on streamflow. 
road surfaces are treated as near-impervious surfaces and precipitation falling
these surfaces is treated as surface flow (although it may re-enter the soil profile
once it leaves the road surface).  Secondly, road drainage ditches may convey all
or a portion of the ditch flow to adjacent pixels, or directly to streams, alterin
the timing of streamflow at downstream locations.  As with streams, road
has a spatial component that varies with road conditions.  

apping 

Duck Creek Associates
watershed in 2006.  The DCA road assessment identified roads that were 
hydrologically connected to the stream system.  Total road density ranges from
2.3 miles of road per square mile in the North Fork Wilson River subwatershed
to 3.8 mi/mi2 in the South Fork Wilson River subwatershed, and is 2.7 mi/mi2 
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overall (Table 82).  The density of hydrologically connected roads ranges 
0.3 mi/mi

from 
 

Table 82.  Summary of road characteristics within the assessment area.  Data from DCA road 
surveys, 2006.  Percentages are of the total watershed and subwatersheds including ODF and 

2 in the Little North Fork Wilson, Middle Wilson River, and North Fork
Wilson River subwatersheds to 0.7 mi/mi2 in the South Fork Wilson River 
subwatershed, and is 0.4 mi/mi2 overall (Table 82).  

 

non-ODF lands. 

Subwatershed 

Total 
miles 

of 
road

Total 
road 

density 
(mi/mi2)

Miles of road 
hydrologically 

connected 

Hydrologically 
connected 

road density 
(mi/mi2) 

Percent road 
length 

hydrologically 
connected 

Devils Lake Fork 91.6 2.7 13.2 0.4 14% 
Jordan Creek 

Little North Fork

Lower Wilson R

Middle Wilson R

North Fork Wils

South Fork Wils

Upper Wilson R

Gr

69.4 2.7 9.8 0.4 14% 
 Wilson 62.1 3.2 6.7 0.3 11% 
iver (portion included) 45.5 2.8 8.8 0.5 19% 
iver 58.5 2.8 7.0 0.3 0% 

on River 62.8 2.3 9.3 0.3 12% 
on River 61.0 3.8 10.4 0.7 15% 
iver / Cedar Creek 64.5 2.9 9.1 0.4 17% 
and Total 515.7 2.7 74.3 0.4 14% 

 

DHSVM road parameters 

Model parameters for each road segment include: 

Ditch width Ditch slope 

Ditch depth Infiltration rate 

Ditch roughness (Manning’s n) Road width 

Outsloped / crowned / insloped Ditch connectivity  

Cutbank height  

itch 

Cutbank height  

Infiltration rate was assumed to be 0.00003 meters/second in all situations.  D
roughness was assumed constant with a value of 0.100.  Slope was calculated 
from a 10-meter DEM.  All remaining parameters were based on road survey 
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observations13.  Ditch width and depth were assumed to be 2.0 and 1.0 feet 
respectively.  All roads were assumed to be crowned.  A constant road width
20 feet

 of 

were 

 

14 was used for all roads.  Cutbank height was estimated from the local 
hillslope (as calculated using the DEM), by assuming that road cut and fill 
balanced in the cross-section (Figure 58).  Flow in all non-hydrologically 
connected ditches was assumed to return to the pixel from which it originated 
(i.e., ditch flow lengths were <300 feet). 

 

Figure 58.  Assumed typical road cross-section.  From Switalski and others (2004). 

 

17.2.2 Meteorological data 

The DHSVM model is driven by meteorological data run at a sub-daily time step.  
Inputs to each grid cell, either as precipitation or as inflow from adjacent cells, is 
processed for each time step, and then is passed on to down-gradient cells.  As 
such, model runtime is directly proportional to the time step chosen.  For this 
application we chose a 3-hour time step.  The following input data is needed for 
each time step: 

Air temperature Wind speed 

Relative humidity Shortwave radiation 
                                                 
 
13 Jerry Middel, DCA, personal communication, 5/21/2007. 
14 17’ average sub-grade width, and 3’ average cut slope width. 
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Longwave radiation  

Data from the South Fork RAWS15 station, located within the South Fork Wilson 
River subwatershed (Figure 7), was used in this analysis.  Data used for this 
analysis was from the period 10/1/2004 to 5/1/2007.  This represented the most 
complete continuous data set available from the station.  Missing values for 
precipitation and shortwave radiation were filled in using relationships with those 
parameters from the Forest Grove AgriMet16 station.  Wind speed was adjusted 
from the station height (assumed to be 5 meters) to a reference height of 70 
meters needed by the model.  Wind speed adjustments were accomplished using 
the relationship described by Peterson and Hennessey 1978 and characterized as 
follows: 

ux = ur(zx/zr)α

Where: ux = Windspeed (m/s) at height x 
ur  = Windspeed (m/s) at height y 
zx =  Elevation (m) at height x 
zr =  Elevation (m) at height y 
α =  0.143 

Incoming longwave radiation values were estimated from shortwave values using 
relationships from Bowling and Lettenmaier (1997).  Constant lapse rates were 
used for temperature (-0.011 deg. C/meter) and precipitation (0.006 
meters/meter).  Lapse rates were calculated for the analysis area using grid data 
available from the PRISM climate mapping system17. 

17.2.3 Model calibration 

We performed limited model calibration by adjusting model parameters 
(Appendix E) to achieve a better fit between observed and modeled discharge at 
the Wilson River gage (Figure 7) location.  Saturated hydraulic conductivity is 
the single parameter that the model is most responsive to18.  Initial hydraulic 
conductivity values were changed slightly; however, the initial values appeared 
to provide the best fit between observed and modeled data.  The timing of 
modeled peak flows corresponded well with observed values; however, the 
magnitude of the modeled response was typically larger than what was observed 
(Figure 59).  The total runoff over the period of the model run (i.e., 10/1/2004-
5/1/2007) was 1.08E+11 cubic feet for the model, and  1.04E+11 cubic feet at the 

                                                 
 
15 Remote Automated Weather Station http://www.raws.dri.edu/cgi-bin/rawMAIN.pl?orOSFK  
16 http://www.usbr.gov/pn/agrimet/agrimetmap/fogoda.html  
17 http://www.ocs.orst.edu/prism/index.phtml  
18  http://www.hydro.washington.edu/SurfaceWaterGroup/Models/DHSVM/faqs.shtml  
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gage, indicating that the model was discharging a volume of water similar to 
what was observed.   
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Figure 59.  Obs  River gage.  Circled values indicate 
peak flows discussed in the results sec

 

Fifteen discrete peak flow events (circled values; Figure 59) were selected for 
further analysis (discussed in the following section).   A pl ed vs. 
modeled values for these fifteen events (Fig  indicat odel does a 
reasonabl ood job at capturing the magnit peak flo
Furtherm differences between observed deled f age are 

ubsequent analysi ifferences 
among modeled results; not between modeled and observed results. 

 

erved and modeled stre ilsonamflow at the W
tion below. 

ot of observ
ure 60) e that the m

y g ude of w events.  
ore, and mo lows at the g

not necessarily a major concern, as the s s considers d
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Figure 60. Ob ved vs. mode ak flows. W r cation. 

t mean daily flow at the Wilson River gage.  Mean 
daily flow at the Wilson River gage for the month of August is 105 cubic feet per 
second (cfs) over the period of record.  Results from the DHSVM model run 
using current vegetation and road conditions results in a mean daily August flow 
of 105 cfs, which further adds to the confidence in the model. 

17.3 Sediment Sources 

17.3.1 Potential Sediment Yields at the Channel Segment Scale 

In NetMap, the parameter generic erosion potential (GEP) can be converted 
directly into actual sediment yield units of tons per km2 per year.  GEP provides a 
relative measure of potential erosion and it focuses on slope steepness and 
convergence, recognized topographic indicators of shallow landsliding, gully 
erosion, and sheetwash. It is based on topographic attributes of slope gradient, 
local contributing area, and topographic convergence: 

ser led pe ilson River st eam gage lo

 

August is the month of lowes

b
GEP =  

L is a meas

aS L*

 where S is slope gradient (m/m), a ure of local contributing area to a 
DEM pixel equal to the number of adjacent pixels that drain into it (varies 
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between 0 and 8), and b is a measure of topographic convergence equal to t
projection of flow direction out of a pixel onto the pixel edges. Values of b
on planar slopes, less than 1 on converge
divergent topography. Larger values of G

he 
 are 1 

nt topography, and greater than 1 on 
EP correspond to steeper, more 

areas prone to surface erosion, to higher gully-initiation-point 
ie , lative measure of erosion potential (e.g., high  

enc es s  l ng, g e 
both  arid la

nvertin EP into sediment ds is acc mplished by specif  an av  
in-wid osion diment supply rate (in t km-2 in N ’s Ba
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ments.  For example, if an average sediment yield 00 t km -1 wa
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00 t km r-1 (see s below). 
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dget th cluded significant debris flows inputs was constructed for an area 
 the cen  Orego ast Ran  (Smith River, 200 2) by Benda and Dunne 
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analysis, an average sediment yield of 100 t/km2/yr is used.  Although the Wilson 

relative nces in sediment yield rates across the basin are the most 
ative and for the Wilson River wa .  R ti n

ia e ds de he ac te us

17 Debris Flow osiona Signifi nce 

ris fl can be significant sources of iment inste nels 
cause o e large v lumes of diment  woody ris invo d. How er, 

with the size and sediment yield of the 
ain chan l they enter.  The sediment significance of debris flows should 
pend o  the erosional potential of the tributary b  comp  to the 

nste n, 2) agnit  sedim  pulse , deb ws) 
mpared to the basin average sediment y  in the tary, and 3) the 
elihoo probabi y of a debris flow rring. r facto  include 

osition of 
bris. 

o estimate the relative sedimentological significance of debris flows in NetMap, 
e three d param s are used to create a Debris w Sedi ntologic
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sceptibi y (a prob ility, see low) is m ltiplied b  the ratio  the aver e 

tial of the tributary  the average erosion potential of the 
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e debris w) com red to the degree of variability  sedimen lux in th
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enda 1 . 

 accou r the d atic dif nces in pulses ediment associated with 
debris flows in headwater channels, the ratio of GEP tributary to GEP mainstem 
is adjusted in NetMap.  This is done by creating a scalar that adjusts the GEP 
values based on the difference between the maximum (top 10%) sediment yields 
(e.g., associated with debris flow events) compared to the average sediment 
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yields in a basin.  For instance, debris flows can have a scalar of around 20 to 50 
in small headwater basins (i.e., debris flow sediment yield rates may be 20 X 
greater than the headwater basin average) while alluvial channel scalar may 

 sensitive 
utary 
nstream. 

revious 
librated 

er of 
 as a 

 
t cover 

at the 
d data, reflects 

ibration, 
ications 

low failures 

lly distributed topographic 
ler and 

 locations of 
ct (Robison et al. 1999). The 

we use a constant value of 

ute, such as slope gradient: 

 number 
total 

a encompassing that 

range from about 4 – 1.  Thus, the significance of debris flows, although
to debris flow probability and to the inherent erosion potential of the trib
compared to the mainstem (GEP_trib/GEP_mainstem), will decline dow

In NetMap, the generic erosion index described in the Methods in the p
section (Potential Sediment Yields at the Channel Segment

 Oregon Coast Range (Robison et 
 Scale) is ca

using digitized landslide inventories from the
al. 1999 and Bush et al. 2000) from which landslide density (e.g., numb
landslides per unit area, or area of landslides per unit area) is determine

t in review
d

function of topographic and vegetation attributes (Miller and Burnet
and Miller 2005).  Landslide susceptibility is predicted using mature fores
to provide information on the intrinsic potential. Calculations are made 
resolution of the 10-m DEM, which for available USGS-provide
40-foot contours mapped at 1:24,000 scale.  Because of the empirical cal
the model is best suited for coastal Oregon, although it should have appl
for other humid mountain landscapes that are prone to shal
concentrated in steep and convergent areas. 

Calculation of landslide density utilizes a spatia
weighting term multiplied by a mean landslide density for the region (Mil
Burnett 2007). The topographic weighting term is determined from
landslides mapped in the ODF 1996 storm proje
mean landslide density applied is somewhat arbitrary: 
1.0 simply to show intrinsic spatial differences in topographic controls on 
landslide locations.  

Topographic weighting w is based on the relative density of landslide points 
found within a specified range of a topographic attrib

 

 

 

 

Here wi is the topographic weighting to appl

ρN ⎟⎜

ρi
i a ⎟

⎞
⎜
⎛

iTw =⎠⎝=

TA ⎟
⎠

⎜
⎝

i ⎟⎜ n ⎞⎛

y to the ith range of topographic 
values (e.g., the i  class for values binned into specified classes), nth

i is the
of landslides mapped within that range of topographic values, NT is the 
number of landslides mapped over the study area, a  is the arei
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range of topographic values, and AT is the total area of the study site. As 
ty ρI = ni/ai) of points 

tal mean 
indicated, w is a relative landslide density, i.e., the densi
within a specified range of topographic attribute values divided by the to
density ( TT AN=ρ ). Slope gradient provides a basic topographic inde

. Other options include the 
x for 

 the product of slope 
e used the 

solution of mapped landslide locations 
y-site area 

portion of all mapped landslide initiation points (Miller 

 measure of 
ted 
ty 

on the 
ea. Shallow landslide 

lows 
dies in 

de 1) 
tions, 

r 
is 

ow, and 

t has 
debris 

llerson 1993, Fannin 

dy 
ost 

ugh it could be applied to other humid 

use it is 
ighting 

which relative landslide densities can be calculated
SHALSTAB model (Dietrich and Montgomery, 1998) and
and local drainage area (tha
latter, because it provides the greatest re

t within a 10-m radius). For this project, w

for the 1996 data, in that it requires the smallest proportion of the stud
to encompass a given pro
and Burnett in press).  

We calculate a topographic weighting value for every DEM pixel. Multiplied by 
a specified mean landslide density, it gives a spatially distributed
landslide density, in a parameter called Shallow Landslide Potential. Integra

 densiover area, or summed over DEM pixels, the relative index of landslide
provides an estimate of how many landslides would be mapped (based 
specified mean landslide density) over any specified ar
susceptibility is also referred to as “Landslide” in the legend editor. 

17.3.3 Debris Flow Susceptibility (Probability) 

Similar to the empirically calibrated landslide model, predictions of debris f
in NetMap are based on four topographic attributes derived from field stu
the Oregon Coast Range (using data from Robison et al. 1999) and inclu
channel slope, 2) valley width or confinement, 3) angles of tributary junc
and 4) cumulative length of scour and deposition (i.e., rate of volume increase o
decrease) (refer to Miller et al. 2003 and Miller and Burnett in review).  In th
model, debris flow runout is separated into zones of scour, transitional fl
deposition.  The functional relationships between debris flow scour and 
deposition and the four topographic factors are based on field research tha
illustrated the physical constraints on debris flow travel.  For example, 
flow movement declines with decreasing channel slope (Swanson and 
Lienkaemper 1978, Benda and Cundy 1990, Fannin and Ro
and Wise 2001), declines at sharp-angled tributary junctions (Benda and Cun
1990), is less in large forests and longer in clearcuts (Ketcheson and Froelich 

dy 

1978 and May 2002), and increases with larger volumes (Benda and Cun
1990).  Because of the empirical calibration, the debris flow model is m
appropriate for coastal Oregon, altho
mountain landscapes that are prone to debris flows in steep headwater streams. 

Debris-flow susceptibility values in NetMap indicate the relative potential for 
debris flow movement through a reach. The susceptibility is relative beca

hic webased solely on the specified mean landslide density, the topograp
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term, and the probability for delivery from each hillslope pixel – there is no 
abilities (e.g., 

ity vary 
 

d 
s and at 

plies a potential for debris-flow deposition and cessation of 
 

Benda 1990). 

tential 
ans, and 

ow supplied material may be the only 
g the fate 

n) of debris flow deposits and a classification of potential debris flow 
nnels (see below). 

 NetMap, the landslide density and delivery models are used to calculate the 
eptibility for direct debris-flow impacts to stream channels in a 
lled Debris Flow Susceptibility – Reaches

temporal component from which to directly calculate actual prob
recurrence intervals). The implications of a given debris-flow susceptibil
with position in a channel network and with the gradient, size, and valley

 channels, a high morphology of the receiving channel. For steep, headwater
debris-flow susceptibility implies a potential for debris flow scour an
movement.
tributary junctions im

 A lower susceptibility in lower gradient headwater channel

movement. For mainstem channels, the consequences of debris-flow delivery
vary with the potential for fluvial erosion of the deposited material (
The deposits may be long-lived in small, low-gradient channels, resulting in 
formation of debris fans. As channel size and/or gradient increase, the po
for erosion of debris-flow deposits increases. Boulder lags, truncated f
downstream fluvial deposition of debris-fl
evidence of past debris flows. NetMap includes a function for predictin
(i.e., erosio
effects in cha

In
relative susc
parameter ca . Landslide density 

a probability of finding a landslide within any DEM pixel area. This 
a relative susceptibility for debris-flow initiation PI. From each pixel 

ero landslide density, we trace the downslope flow path defined by 
ints in the DEM. For each pixel along this flow path we calculate a 

untered, we calculate a 
s flow continues through the junction. For each 

he probability for debris-flow delivery from a specified source 
t PIPDPJ. We repeat this procedure for every DEM pixel from 

ource 

ntains another field to facilitate the analysis of patterns 
ons) of headwater confluences prone to debris flows with fish bearing 

 parameter Debris Flow Susceptibility - Junctions

translates to 
is treated as 
with a nonz
elevation po
delivery probability PD. For each channel junction enco
probability PJ that the debri
downslope pixel, t
pixel is the produc
which we calculate the susceptibility for debris flow delivery, from any s
pixel, to each channel reach. 

NetMap co
(juxtapositi
streams.  The , available in the 

lots map generator, can be used to quickly identify confluences and Maps and P
hence associated fish habitat reaches at potential risk. The debris flow 
susceptibility-junction is a field that is mapped in the network (outside of 

irst- and second-order streams) that records the debris flow 
nnel.  

headwater f
susceptibility value in the lowest part of the confluencing headwater cha
Debris flow susceptibility-junctions are mapped as a reach parameter (so that it 

 several of NetMap’s tools, including Habitat Diversity and can be used in
Channel Disturbance.  Thus, the point of interest is the area at and in the 
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immediate vicinity of the confluence of the headwater channel with the mainstem 
low-

rted in the reach file. 

lative potential for debris-flow 
oody debris to a channel reach. It is based on the potential track 

 

te can be used to rank channels in terms of the 
 delivery of wood and to identify channel reaches with 

ithin a basin.  

ected track length LE for debris flows that travel to 

EM pixel is traversed by a debris flow from 
 the 

d from debris flows, it is helpful to estimate their 
livery specifically to fish bearing streams. NetMap contains 

ining this, based on the model described above.  
ood Delivery Potential - Reaches

stream.  In mainstem reaches that have more than one confluencing debris f
er channel, the highest debris flow susceptibility value (from the prone headwat

lower most reach of the headwater channel) is repo

17.3.4 Debris Flow Potential for Wood Delivery  

NetMap contains a parameter for predicting the re
delivery of w
length of debris flows likely to deliver material to a particular channel reach.

a greater potential for scouring and transporting Longer track lengths imply 
woody debris. This attribu
potential for debris-flow
high and low values w

The value is based on the exp
the channel reach: 

 

where PT is the probability that a D
upslope and li is the length of the debris-flow track through the ith pixel, with

thin the contributing area to the reach.  sum over all pixels wi

In assessing the risk pose
potential for wood de
two parameter fields for determ
Both reach scale (Debris Flow W ) and tributary 

(Debris Flow Wood Delivery Potential - Junctionsconfluence scale predictions ) 
ood delivery from debris flows.  These 

bris flows have a high potential for 
s.  However, it is important to note that such 

ovide information on the relative volumetric importance of 

ortality and bank erosion (e.g., wood 
2003]).  Note, a wood budget will be developed for the 
during this watershed analysis and it will provide 

lative importance of debris flows in wood recruitment to 

ood Delivery - Junctions

reveal the relative importance of w
parameters are used to estimate which de
delivery of wood to larger channel
predictions do not pr
debris flows in wood recruitment to fish bearing streams compared to other 
processes such as chronic forest m
budgeting [Benda et al. 

ed Wilson River watersh
information on the re
fish-bearing channels. 

The parameter Debris Flow W  can be used to quickly 
g streams that may have a high potential for 

bris flow wood delivery-junction
identify confluences in fish bearin
wood delivery from debris flows. The de  is a 

 (outside of headwater first- and second-order field that is mapped in the network

∑= iTE lPL
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streams) that records the debris flow wood value in the lowest part of the 
nel.  Thus, the point of interest is the area at and in confluencing headwater chan

the immediate vicinity of the confluence of the headwater channel with the 
instem reaches that have more than one confluencing 

dwater channel, the highest debris flow wood delivery 
 of the headwater channel) is reported in the 

d Debris Flow Susceptibility and 

ely” and “unlikely” for debris flow 

 with the predicted debris flow susceptibility maps 
f debris flow susceptibility were inventoried along 

cks observed in the air photos; an average debris flow 
tire track was calculated.  The distribution of 

ociated with actual debris flows were compared 
is flow susceptibility values (for basins < 1 km2, the 

 in humid mountain drainage basins [Benda et 
to derive estimates of “likely” or 

rate”, and “Low” debris flow susceptibility 
rtion of the headwater channels gets captured by various 

 landslides 

earthflows also can be considered detrimental to rivers 
ion including fine sediment, direct burial of 

igration. Overall, the 
 of large and ancient landslides, earthflows, 

 river channels are poorly understood.  The 
s in watersheds can be demarcated on 

 and field surveys may be necessary to detect 

scribe a method for identifying potential deep-
in the Tyee Formation (central Oregon Coast Range) 
tes inferred from a 10-m DEM. They found that deep-

ed to have slope gradients falling between 0.16 and 0.44 
 the slope) between –0.008 and +0.008, 
A 10-m DEM pixel represents only 100 m2 on 

ted landslides encompass areas considerably larger. 

mainstem stream.  In ma
debris flow-prone hea
value (from the lower most reach
reach file. 

17.3.5 Relationship Between Predicte
Actual Debris Flows 

To aid in setting categories of “lik
susceptibility, aerial photographs were used to detect actual occurrences of debris 

ed and in nearby basins.  The locations of flows in the Wilson River watersh
debris flows were overlaid
within NetMap. Values o
debris flow runout tra
susceptibility value across the en
measured debris flow values ass
to the distribution of all debr
general limit of debris flow runout
al. 2004]).  The comparison can be used 
“unlikely” or even “High”, “Mode
based on what propo
occurrence or hazard classes.   

17.3.6 Predicting deep-seated

Large landslides and 
because of increased sedimentat
aquatic habitats, and temporary blockages to fish m
morphological consequences
rockfalls, and snow avalanches on
occurrence of large mass wasting feature
maps, although aerial photography
them (Figure 29).  

Roering and others (2005) de
seated-landslide terrain 

ibufrom topographic attr
seated landslides tend
and curvature (first derivative of
indicating relatively flat slopes. 
the ground, whereas deep-sea
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To provide a measure commensurate with deep-seate
ging te

d landslide dimensions, 
chnique based on the proportion of 

ius 250 meters that have slope and curvature 

ing topography suggestive of deep-seated landsliding.  
Roering and others (2005) model to help identify 

 of large landslides and earthflows. 

g locations of deep-seated landsliding in NetMap is 
s of channel gradients and valley widths.  NetMap’s 

in Maps and Plots function on the tool bar) is 
d landslide or earthflow terrain. Recent 

use certain patterns in stream longitudinal 
 29).  The user visually searches for anomalous patterns such 

nts, and local valley widening.  In addition, a channel is 
site side of the valley at the toe of deep-seated landslides 
d hillslope terrain supports this interpretation, including 

hannel pushed across the valley floor, and an arcuate failure 
photos and field observations would be helpful to 
-seated landslide at those locations.   

Roering et al. used a spatial avera
lar area of radpixels within a circu

values that fall within the range indicative of deep-seated landslides. This 
ero and one, with higher values indicating a greater proportion varies between z

proportion of the area hav
NetMap implements the 
topography indicative

Another method for estimatin
based on longitudinal pattern
longitudinal plotting tool (located 
used to help identify potential deep-seate
or active deep-seated slides can ca
profiles (e.g., Figure
as “bumps” in longitudinal profiles, associated increases and decreases in 
channel and valley gradie
often forced to the oppo

iateor earthflows.  Assoc
a lobate toe, a main c
scarp.  However, analysis of air 
confirm the occurrence of a deep
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18 Appendix F – Classification of Stream Channel 

er software) channel classification scheme we can 
l habitat types have been modified. Channel 

 channel reaches together based on a defined set of 
For detailed descriptions of the methodology used to 

annel habitat type classification, please refer back to Appendix E. 
acy, several NetMap watershed parameters were field validated.  

validation analysis are found in Appendix S. 

18.1.2 Results 

ems were created for the Wilson watershed.  For 
n system employed four categories of channel 

, > 8%) and two categories of channel confinement 
).  The results are shown in Map 59 and the 

 Table 1.  

Habitat Types 
18.1.1 Methods 

Using NetMap’s (comput
better understand how channe
classification lumps similar
channel and valley criteria. 
complete the ch
To ensure accur
Results from the field 

Two channel classification syst
simplicity, the first classificatio
gradient (<2%, 2-4%, 4-8%
(valley width/chan id  >5nel w th <5,
eight classification categories are described in

 

Table 1. Classification parameters and categories used in channel c
system #1 in the Wilson River watershed.   

lassification 

Classification 
Number in 

NetMap Classification 
Number (System #1) 

Parameter: 
Gradient 

Parameter: 
Confinement 

A <2% Vw/Cw <5 1 1
2 1B <2% Vw/Cw >5 

2A 2-4% Vw/Cw <5 
2B 2-4% Vw/Cw >5 
3A 4-8% Vw/Cw <5 
3B 4-8% Vw/Cw >5 
4A >8% Vw/Cw <5 
4B >8% Vw/Cw >5 

3 
4 
5 
6 
7 
8 

Vw = valley width; Cw = channel width 

cation system employed a third parameter in addition 
ient and confinement) used in the first system 

e same divisions were used for gradient and 
ce effects were added (confluence 

 

The second channel classifi
to the two parameters (grad
resulting is 16 possible classes.  Th
confinement (Table 1) and tributary confluen
effects are probability based with the value 1.0 being the highest).  The parameter 
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in NetMap “decay of confluence effects” was divided into two divisions: < 0.7 
and > 0.7.  The parameter “decay of confluence effects” is described below. 
Results for classification system #2 are shown in Map 60 and Table 2. 

d categories used in channel classification system 

 

Table 2. Classification parameters an
#2 in the Wilson River watershed. 

Classification 
Number in 

Classification 
Number 

NetMap 
(System #2) 

Parameter: 
Gradient 

Parameter: 
Confinement 

Parameter: 
Confluences 

A1 <2% Vw/Cw <5 <0.7 1 1
2 1A2 <2% Vw/Cw <5 >0.7 

<2% Vw/Cw >5 <0.7 
<2% Vw/Cw >5 >0.7 
2-4% Vw/Cw <5 <0.7 
2-4% Vw/Cw <5 >0.7 
2-4% Vw/Cw >5 <0.7 
2-4% Vw/Cw >5 >0.7 
4-8% Vw/Cw <5 <0.7 
4-8% Vw/Cw <5 >0.7 

% Vw/Cw >5 <0.7 
Vw/Cw >5 >0.7 

3 1B1 
4 1B2 
5 2A1 
6 2A2 
7 2B2 
8 2B2 
9 3A1 
10 3A2 

-811 3B1 4
12 3B2 4-8% 
13 4A1 >8% Vw/Cw <5 <0.7 
14 4A2 >8% Vw/Cw <5 >0.7 
15 4B1 >8% Vw/Cw >5 <0.7 
16 4B2 >8% Vw/Cw >5 >0.7 

Vw = valley width; Cw = channel width 
 

Duck Creek Associates, Inc     434 



Wilson River Watershed Analysis  FINAL – March 2008   
 

19 Appendix G – Current and Potential Future 
DHSVM Vegetation Types 

essment area. Units are acres.  See Table 80 for a 
 
Summary of current vegetation within the ass
description of vegetation codes. 

DHSVM 
Code 

North Fork 
Wilson 
River 

Upper 
Wilson 
River / 

Cedar Creek 

South Fork 
Wilson 
River 

Little North 
Fork Wilson

Middle 
Wilson 
River 

Jordan 
Creek 

Devils Lake 
Fork 

Lower 
Wilson 
River 

(Included) Total 
2 69 5 195 299 163 1,070 FC1H 311 25 

FC1L 67 7 - - - - 294 84 452 
82 82 106 541 

232 395 591 1,824 3,771 242 9,956 
- 35 37 126 99 2 440 

30 116 101 200 7 912 
,189 672 1,759 3,805 267 14,802 
27 40 178 35 42 1,184 
72 489 509 74 49 2,483 

148 20 64 4,193 91 8,933 
91 - 30 297 

353 69 272 1,354 
- 

289 
121 

8,402 
25 168 
99 736 

1,678 292 393 10 914 3,739 
22 5 - - 10 44 

146 12 2 7 178 413 
- - - - 22 22 

42 - 15 49 47 235 
- - - - - - 

- - - - - - - 
- 37 27 114 104 208 776 

52 353 250 383 252 694 2,375 
72 7 - 7 69 178 

722 628 3,704 2,293 1,352 1,001 13,616 
74 96 116 67 82 1,100 

106 180 158 339 227 1,742 
,207 3,410 4,151 2,350 1,690 23,035 
52 15 200 670 27 2,474 
504 235 385 86 225 2,385 

1,633 563 277 1,245 2,622 497 7,304 
FM4L 114 17 25 - - - 761 69 986 
FM4M 151 22 - 89 5 69 30 171 536 

69 
1,166 
2,229 

FC1M 74 22 - 175 - 
FC2H 2,212 689 
FC2L 77 64 
FC2M 356 101 - 
FC3H 2,698 1,554 2,857 1
FC3L 259 600 2 
FC3M 768 514 7 

2,988 FC4H 890 539 
FC4L 10 166 - - - 

4 5 FC4M 346 15 - 29
FC5H - - - - - - - - 
FH1H 22 12 - 119 30 - 2 104 
FH1M 5 12 - 49 10 - - 44 

1,750 FH2H 665 964 126 1,260 2,511 983 143 
FH2L 25 17 10 25 47 - 20 
FH2M 171 49 2 262 111 27 15 
FH3H 376 10 67 
FH3L - 7 - 
FH3M 20 47 - 
FH4H - - - 
FH4L 82 - - 

- FH4M - - 
FH5H - - 
FM1H 250 37 
FM1L 190 200 
FM1M 7 15 - 
FM2H 1,021 2,896 
FM2L 452 213 - 
FM2M 255 462 15 
FM3H 3,583 3,314 1,329 3
FM3L 776 680 54 
FM3M 573 376 - 
FM4H 210 257  

FM5H 22 - 35 - - - 5 7 
NF 30 104 27 47 143 17 116 682 

NFT 230 287 22 843 128 343 151 225 
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Potential future vegetation summary within the assessment area. Units are acres.  See T

r a description of vegetation codes. 
able 80 

fo

DHSVM 
Code 

North Fork 
Wilson 
River 

Upper 
Wilson 
River / 

Cedar Creek 

South Fork 
Wilson Little North 

rk Wilson

Middle 
Wilson 
River 

Jordan 
Creek 

Devils Lake 
Fork 

Lower 
Wilson 
River 

(Included) Total 
69 5 195 299 163 1,070 

River Fo
FC1H 311 25 2 
FC1L 67 7 - - - - 294 84 452 

- 175 - 82 82 106 541 
89 109 10 1,171 3,422 89 7,127 
- - 32 104 2 - 146 

22 35 40 148 7 539 
 336 670 885 966 200 4,544 

- - - 12 - - 20 
25 5 25 153 2 383 
,231 675 1,653 3,504 301 14,337 
27 40 166 35 42 1,164 

356 494 509 86 297 3,089 
84 10 442 3,929 64 9,012 

 30 - 2 104 289 
- - 44 121 

1,641 
59 

445 
6,126 

- 7 
190 403 
993 4,665 

57 5 15 49 57 272 
15 2 - 20 12 119 
- - - - 22 22 

37 27 114 104 208 776 
353 250 383 252 694 2,375 

- 72 7 - 7 69 178 
94 188 744 445 403 427 3,180 
- 62 2 25 - 62 287 
 49 35 42 185 161 633 

432 3,034 1,569 714 670 9,573 
- - - 5 - 2 12 

52 104 89 69 52 909 
,405 3,484 4,549 2,760 1,727 25,259 
52 15 195 670 25 2,461 
554 230 388 114 287 2,622 
430 274 1,312 3,366 583 8,310 

143 17 116 682 1,166 
 343 151 225 2,229 

FC1M 74 22 
FC2H 1,962 274 
FC2L 7 - 
FC2M 262 25 - 

77FC3H 840 571 
FC3L 2 5 
FC3M 109 64 - 
FC4H 2,567 1,483 2,923 1
FC4L 257 596 2 
FC4M 811 529 7 
FC5H 798 697 2,988 
FH1H 22 12 - 119
FH1M 5 12 - 49 10 
FH2H 136 205 10 225 670 168 52 175 
FH2L - - - 25 35 - - - 
FH2M 94 22 - 133 62 25 15 94 
FH3H 507 628 27 969 1,717 729 49 1,500 
FH3L - - - 7 - - - 
FH3M 20 22 7 131 22 2 7 
FH4H 474 168 158 1,873 465 482 52 
FH4L 82 7 - 
FH4M 25 42 2 
FH5H - - - 
FM1H 250 37 - 
FM1L 190 200 52 
FM1M 7 15 
FM2H 351 529 
FM2L 69 67 
FM2M 91 64 5

304 FM3H 472 2,377 
FM3L - 5 
FM3M 395 148 - 
FM4H 3,959 3,712 1,663 3
FM4L 776 675 54 
FM4M 670 381 - 
FM5H 373 279 

7 
1,693 

NF 30 104 27 4
NFT 230 287 22 843 128
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20 Appendix H – DHSVM Model Configuration File 
 
################################################################################ 

###################################### 
, which contain key = entry pairs.   
t reading of the file is not dependent  

entry pairs within a section.   
ive, but the entries are, because filenames on a  
tive.   
#', and run from the occurrence of '#' till the  
ment out an entire line (like in this  

t after an entry.   
entry pair in the correct section, since it  

other section.   
le is to fill out this default template.   
at it requires you do not have to worry  

needed. For example, if you are  
t have to fill out the routing  

ut you can leave it, since DHSVM will  
asy switching between point and basin  

ic ent es see the DHSVM web page 
################################## 

######################## 

    # NEAREST or INVDIST or VARCRESS 
    # TRUE or FALSE 

  # TRUE or FALSE 
# TRUE or FALSE  
# path for PRISM files 
# file extension for PRISM files  
# FIXED or VARIABLE 

 # TRUE or FALSE   
           # path for shading files  
           # file extension for shading files  
           # path for skyview file; for use with shading 

     # TRUE or FALSE 
      # TRUE or FALSE 

       # TRUE or FALSE 
       # STATION or RADAR 

  # STATION or MODEL 
ONSTANT or VARIABLE 
ONSTANT, MAP, or VARIABLE  

STATIC or DYNAMIC  
# in model pixels 

 # number of stations 

################################# 

####################### 

# DHSVM INPUT FILE FORMAT 
##########################################

# The file is organized in sections [...]
# The file is free format, in that correc

f the key-# on spaces and/or the order o
# The keys are not case-sensit
# UNIX platform are case-sensi
# Comments are preceded by a '
# end of the line. You can com
# header), or you can place a commen

-# It is important to place the key
# will not be found if it is in an
# The easiest way to make the input fi
# Since DHSVM will only use the keys th
# about empty entries for keys that are not 
# running the model in point mode, you do no

 o# section.  If you have already filled it
# not use the information.  This allows e
# mode.   

 spec# For more information about the if ri
##############################################
# OPTIONS SECTION  

########################################################
[OPTIONS]                                 # Model Options 
Format               = BIN                # BIN, BYTESWAP or NETCDF 
Extent               = BASIN              # POINT or BASIN 
Gradient             = WATERTABLE         # TOPOGRAPHY or WATERTABLE 
Flow Routing         = NETWORK            # UNIT_HYDROGRAPH or NETWORK 
Sensible Heat Flux   = FALSE              # TRUE or FALSE 

diment             = FALSE              # TRUE or FALSE Se
Sediment Input File  =                    # path for sediment configuration file  

erland Routing     = CONVENTIONAL       # CONVENTIONAL or KINEMATIC  Ov
Interpolation        = NEAREST        
MM5                  = FALSE          
QPF                  = FALSE            

  PRISM                = FALSE            
PRISM data path      =                    
PRISM data extension =                    
Canopy radiation attenuation mode = FIXED 

          Shading              = FALSE   
Shading data path    =         
Shading data extension =       
Skyview data path    =         
only 
Snotel               = FALSE         

 Outside              = TRUE        
Rhoverride           = FALSE       
Precipitation Source = STATION     
Wind Source          = STATION          
Temperature lapse rate = CONSTANT         # C
Precipitation lapse rate = CONSTANT       # C

# Infiltration         = STATIC             
Cressman radius      =                    
Cressman stations    =                   
 
###############################################
# MODEL AREA SECTION 

#########################################################
[AREA]                                    # Model area 
Coordinate System    = UTM                # UTM or USER_DEFINED Albers 
Extreme North        = 5059082.78566950   # Coordinate for northern edge of grid 
Extreme West         = 440046.84141011    # Coordinate for western edge of grid 
Center Latitude      = 45.572900007       # Central parallel of basin  
Center Longitude     = -123.531274371     # Central meridian of basin  

me Zone Meridian   = -120               # Time zone meridian for area Ti
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Number of Rows       = 247                # Number of rows 

     # Number of columns Number of Columns    = 370           
Grid spacing         = 100                # Grid resolution in m  

######################################## 

###################################### 
# Model period cod 
# Model time step (hours) 

xxx-xx     # Model start time (MM/DD/YYYY-HH)  
xxx-xx   

     # Model start time (MM/DD/YYYY-HH)  
 

######################################### 

################################### 
odel constants 

Roughness of soil surface (m) 
# Roughness of snow surface (m) 

 # Minimum temperature at which rain  
urs (C) minor decrease in snow from 0 

rature at which snow  

] 
    # Precipitation lapse rate (m/m)[PRISM] 

######################################## 

###################################### 
# Terrain information 
001/input/dem.bin     # path for DEM file 

n001/input/mask.bin    # path for mask file 

################################################# 

############################################ 
     # Routing information. This section is  

      # only relevant if the Extent = BASIN 

############################################# 
ed if Flow Routing = NETWORK 

ut/stream.map.dat  #path for stream map file  
001/input/stream.network.dat  # path for … 
01/input/stream.class.dat     # path for …  

################################# 
g = NETWORK and there 

## 

 
########################################
# TIME SECTION 
##########################################
[TIME]                                    
Time Step            = 3                  
# spin up 
#Model Start          = xx/xx/x
#Model End            = xx/xx/x
 
#Validation 
Model Start          = 10/01/2004-03 

9Model End            = 05/01/2007-0
 
#######################################
# CONSTANTS SECTION 
#############################################
[CONSTANTS]                               # M

# Ground Roughness     = 0.02               
Snow Roughness       = 0.02               
Rain Threshold       = 1.0               
                                   cc       # o
Snow Threshold       = 0.5                # Maximum tempe
                                          # occurs (C)  
Snow Water Capacity  = 0.03               # Snow liquid water holding capacity  
                                          # (fraction) 
Reference Height     = 70.0               # Reference height (m) 
Rain LAI Multiplier  = 0.0001             # LAI Multiplier for rain interception 
Snow LAI Multiplier  = 0.0005             # LAI Mulitplier for snow interception 
Min Intercepted Snow = 0.005              # Intercepted snow that can only be  
                                          # melted (m) 
Outside Basin Value  = 0                  # Value in mask that indicates outside  
                                          # the basin 

mperature Lapse Rate   = -0.011         # Temperature lapse rate (C/m) [from litTe
Precipitation Lapse Rate =  0.004     
 
########################################
# TERRAIN INFORMATION SECTION 
##########################################
[TERRAIN]                                 
DEM File             = /home/public/wilson

blic/wilsoBasin Mask File      = /home/pu
 
###############################
# ROUTING SECTION 
####################################
[ROUTING]                            

                                    
 
################ STREAM NETWORK ###
# The following three fields are only us
 
Stream Map File  = /home/public/wilson001/inp
Stream Network File  = /home/public/wilson
Stream Class File   = /home/public/wilson0
 
################ ROAD NETWORK ### ## ###### ######
# The following three fields are only used if Flow Routin
# is a road network 
 
#Scenario 1 - all existing roads 
#Road Map File     = /home/public/wilson001/input/road.map.dat  # path for road map file  
#Road Network File    = /home/public/wilson001/input/road.network.dat   # path for …  
#Road Class File      = /home/public/wilson001/input/road.class.dat     # path for …  
 
 

############## UNIT HYDROGRAPH ###############################################
# The following two fields are only used if Flow Routing = UNIT_HYDROGRAPH 
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Travel Time File     =                    # path for travel time file 

   # path for unit hydrograph file 

###################################### 

###################################### 
# Meteorological stations 

           # Number of meteorological stations 

 to be repeated for each station, with the one  

         # Name for station 1 
          # North coordinate of station 1 

           # East coordinate of station 1 
       # Elevation of station 1 in m 

input/SFK_no_lapse.txt  # path for sta 1 file 

################################### 
d out if MM5 = TRUE.  In that case 

filled out 

  # S rt of MM5 file (MM/DD/YYYY-HH), 

r as below (n = 1, .., 

########################################### 
be filled out if Precipitation Source =  

####################### 
Source = MODEL 

Unit Hydrograph File =                 
 

##################################### #####
# METEOROLOGY SECTION 
##########################################
[METEOROLOGY]                             
Number of Stations = 1         
 
# The following set of lines is
# replaced by 2, 3, etc. 
 
Station Name     1 = South_Fork_RAWS 

 North Coordinate 1 = 5048667.271   
East Coordinate  1 = 462862.645    
Elevation        1 = 449.7             
Station File     1 = /home/public/wilson001/
 
################ MM5 ########################

le# The following block only needs to be fil
# This is the ONLY block that needs to be 
 

     MM5 Start              =           ta
MM5 Rows               = 
MM5 Cols               = 
MM5 Extreme North      = 
MM5 Extreme West       =  
MM5 DY                 = 
 
# MM5 met files 
MM5 Temperature File   =  
MM5 Humidity File      =  
MM5 Wind Speed File    =  
MM5 Shortwave File     =  

5 Longwave File      =  MM
MM5 Pressure File      =  
MM5 Precipitation File =  
MM5 Terrain File       = 
MM5 Temp Lapse File    = 
 
# For each soil layer make a key-entry pai
# Number of Soil Layers) 
 
MM5 Soil Temperature File 0 =  
MM5 Soil Temperature File 1 =  
MM5 Soil Temperature File 2 =  
 
############### RADAR ###############

 # The following block only needs to
# RADAR.   
Radar Start            = 
Radar File             = 
Radar Extreme North    = 
Radar Extreme West     = 
Radar Number of Rows   = 
Radar Number of Columns =  
Radar Grid Spacing     = 
 
################ Wind ###################################
# The following block only needs to be filled out if Wind 
Number of Wind Maps    = 
Wind File Basename     = 
Wind Map Met Stations  = 
 
################ Precipitation lapse rate ###################################### 
# The following block only needs to be filled out if Precipitation lapse rate  
# = MAP 

ecipitation lapse rate = Pr
 

############################################################################## ##
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# SOILS INFORMATION SECTION 
#######################################
#NOTE:  Soils 8-14 are the same as soils

######################################### 
-7 with the exception that the maximum 
ed by one order of magnitude to represent 

# Soil information 

ic/wilson001/input/soil_burned.bin 

um depth 2 
lson001/input/soild.bin 

##########################################    

   

52 .352 .352 
60 .560 .560 
 39 39 
7 .27 .27 

 .13 
0. 1440. 

5.17e-6 5.17e-6 
.923 7.0 

6 1.4e6 

####################################    
  

6 1.4e6 

 1
#       infiltration rate has been creasde
#       pos-fire conditions 
 
[SOILS]                                   
 
Soil Map File      = /home/publ
 
# minimum depth still 0.1 maxim
Soil Depth File    = /home/public/wi
 
Number of Soil Types = 14 
 
################ SOIL 1 ###############
Soil Description       1 =  Clay Loam   
Lateral Conductivity   1 =  1.27e-5   
Exponential Decrease   1 =  2.0   
Maximum Infiltration   1 =  1.0e-5   
Capillary Drive        1 =  0.1   
Surface Albedo         1 =  0.1   
Number of Soil Layers  1 =  3   
Porosity               1 =   .39 .39 .39 
Pore Size Distribution 1 =   .32 .32 .32 
Bubbling Pressure      1 =   88 88 88 
Field Capacity         1 =   .35 .35 .35 
Wilting Point          1 =   .21 .21 .21 
Bulk Density           1 =  1400. 1400. 1400. 
Vertical Conductivity  1 =  1.27e-5 1.27e-5 1.27e-5 
Thermal Conductivity   1 =  7.114 6.923 7.0 
Thermal Capacity       1 =  1.4e6 1.4e6 1.4e6 
Mannings n             1 =  0.01 
 

############################################ ################ SOIL 2 #############
Soil Description       2 =  Loam   
Lateral Conductivity   2 =  5.17e-6   
Exponential Decrease   2 =  2.0   

 Maximum Infiltration   2 =  1.0e-5  
Capillary Drive        2 =  0.1   
Surface Albedo         2 =  0.1   
Number of Soil Layers  2 =  3   
Porosity               2 =   .3
Pore Size Distribution 2 =   .5
Bubbling Pressure      2 =   39
Field Capacity         2 =   .2
Wilting Point          2 =   .13 .13
Bulk Density           2 =  1440. 144

 Vertical Conductivity  2 =  5.17e-6
Thermal Conductivity   2 =  7.114 6
Thermal Capacity       2 =  1.4e6 1.4e
Mannings n             2 =  0.01 
 
################ SOIL 3 #####################

m Soil Description       3 =  Sandy Clay Loa
Lateral Conductivity   3 =  2.18e-6   
Exponential Decrease   3 =  2.0   
Maximum Infiltration   3 =  1.0e-5   
Capillary Drive        3 =  0.1   
Surface Albedo         3 =  0.1   
Number of Soil Layers  3 =  3   
Porosity               3 =   .289 .289 .289 
Pore Size Distribution 3 =   .479 .479 .479 
Bubbling Pressure      3 =   26 26 26 
Field Capacity         3 =   .28 .28 .28 
Wilting Point          3 =   .18 .18 .18 
Bulk Density           3 =  1510. 1510. 1510. 
Vertical Conductivity  3 =  2.18e-6 2.18e-6 2.18e-6 

ermal Conductivity   3 =  7.114 6.923 7.0 Th
Thermal Capacity       3 =  1.4e6 1.4e
Mannings n             3 =  0.01 
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################ SOIL 4 ############ ######
Soil Description       4 =  Sandy Loam   

#######################################    

   
   
 

46 .346 
2 .892 

18 
8 .18 

08 
. 
.40e-5 

6 

##### ##################################    

21 
 1300. 

6 1.65e-6 
0 
4e6 

########################################    
ty Loam   
9e-6   
   

 

 .383 

70. 
-6 3.39e-6 

7.0 

 .383 
.414 

Lateral Conductivity   4 =  1.40e-5   
Exponential Decrease   4 =  2.0   

e-5   Maximum Infiltration   4 =  1.0
Capillary Drive        4 =  0.1
Surface Albedo         4 =  0.1
Number of Soil Layers  4 =  3  
Porosity               4 =   .346 .3
Pore Size Distribution 4 =   .892 .89
Bubbling Pressure      4 =   18 18 
Field Capacity         4 =   .18 .1
Wilting Point          4 =   .08 .08 .
Bulk Density           4 =  1460. 1460. 1460
Vertical Conductivity  4 =  1.40e-5 1.40e-5 1
Thermal Conductivity   4 =  7.114 6.923 7.0 

4eThermal Capacity       4 =  1.4e6 1.4e6 1.
Mannings n             4 =  0.01 
    

#### ################# SOIL 5 ######### ## ##
Soil Description       5 =  Silty Clay Loam   
Lateral Conductivity   5 =  1.65e-6   
Exponential Decrease   5 =  2.0   
Maximum Infiltration   5 =  1.0e-5   
Capillary Drive        5 =  0.1   
Surface Albedo         5 =  0.1   
Number of Soil Layers  5 =  3   
Porosity               5 =   .383 .383 .383 
Pore Size Distribution 5 =   .230 .230 .230 
Bubbling Pressure      5 =   132 132 132 

.38 Field Capacity         5 =   .38 .38 
Wilting Point          5 =   .21 .21 .
Bulk Density           5 =  1300. 1300.
Vertical Conductivity  5 =  1.65e-6 1.65

9
e-

Thermal Conductivity   5 =  7.114 6. 23 7.
Thermal Capacity       5 =  1.4e6 1.4e6 1.
Mannings n             5 =  0.01 
    

########################## SOIL 6 #######
Soil Description       6 =  Sil
Lateral Conductivity   6 =  3.3
Exponential Decrease   6 =  2.0
Maximum Infiltration   6 =  1.0e-5  
Capillary Drive        6 =  0.1   
Surface Albedo         6 =  0.1   
Number of Soil Layers  6 =  3   
Porosity               6 =   .383 .383
Pore Size Distribution 6 =   .414 .414 .414 
Bubbling Pressure      6 =   70 70 70 
Field Capacity         6 =   .32 .32 .32 
Wilting Point          6 =   .14 .14 .14 
Bulk Density           6 =  1370. 1370. 13
Vertical Conductivity  6 =  3.39e-6 3.39e

 6.9  Thermal Conductivity   6 =  7.114 23
Thermal Capacity       6 =  1.4e6 1.4e6 1.4e6 
Mannings n             6 =  0.01 
 
################ SOIL 7 #########################################################    
Soil Description       7 =  Silty Loam   
Lateral Conductivity   7 =  3.39e-6   
Exponential Decrease   7 =  2.0   
Maximum Infiltration   7 =  1.0e-5   
Capillary Drive        7 =  0.1   
Surface Albedo         7 =  0.1   
Number of Soil Layers  7 =  3   
Porosity               7 =   .383 .383
Pore Size Distribution 7 =   .414 .414 
Bubbling Pressure      7 =   70 70 70 
Field Capacity         7 =   .32 .32 .32 
Wilting Point          7 =   .14 .14 .14 
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Bulk Density           7 =  1370. 1370. 1370. 

6 3.39e-6 
.0 

e6 1.4e6 1.4e6 
1 

##################################################    
   

   

2 
0 

0. 1440. 1440. 
7e-6 5.17e-6 5.17e-6 
14 6.923 7.0 

4e6 1.4e6 

###############################################    
 Loam   

.289 

   

 

Vertical Conductivity  7 =  3.39e-6 3.39e-
14 6.923 7Thermal Conductivity   7 =  7.1

Thermal Capacity       7 =  1.4
Mannings n             7 =  0.0
 
################ SOIL 8 #######
Soil Description       8 =  Clay Loam
Lateral Conductivity   8 =  1.27e-5
Exponential Decrease   8 =  2.0   
Maximum Infiltration   8 =  1.0e-6   
Capillary Drive        8 =  0.1   
Surface Albedo         8 =  0.1   
Number of Soil Layers  8 =  3   
Porosity               8 =   .39 .39 .39 
Pore Size Distribution 8 =   .32 .32 .32 
Bubbling Pressure      8 =   88 88 88 
Field Capacity         8 =   .35 .3.35 5 
Wilting Point          8 =   .21 .21 .21 
Bulk Density           8 =  1400. 1400. 1400. 

7e-5 Vertical Conductivity  8 =  1.27e-5 1.27e-5 1.2
Thermal Conductivity   8 =  7.114 6.923 7.0 
Thermal Capacity       8 =  1.4e6 1.4e6 1.4e6 
Mannings n             8 =  0.01 
 
################ SOIL 9 #########################################################    
Soil Description       9 =  Loam   
Lateral Conductivity   9 =  5.17e-6   
Exponential Decrease   9 =  2.0   
Maximum Infiltration   9 =  1.0e-6   
Capillary Drive        9 =  0.1   
Surface Albedo         9 =  0.1   
Number of Soil Layers  9 =  3   
Porosity               9 =   .352 . 2 .3535
Pore Size Distribution 9 =   .560 .560 .56
Bubbling Pressure      9 =   39 39 39 
Field Capacity         9 =   .27 .27 .27 

3 .13 .13 Wilting Point          9 =   .1
Bulk Density           9 =  144
Vertical Conductivity  9 =  5.1
Thermal Conductivity   9 =  7.1
Thermal Capacity       9 =  1.4e6 1.
Mannings n             9 =  0.01 
 
################ SOIL 10 ##########
Soil Description       10 =  Sandy Clay
Lateral Conductivity   10 =  2.18e-6   
Exponential Decrease   10 =  2.0   
Maximum Infiltration   10 =  1.0e-6   
Capillary Drive        10 =  0.1   
Surface Albedo         10 =  0.1   
Number of Soil Layers  10 =  3   

9 .2  Porosity               10 =   .28 89
Pore Size Distribution 10 =   .479 .479 .479 
Bubbling Pressure      10 =   26 26 26 
Field Capacity         10 =   .28 .28 .28 
Wilting Point          10 =   .18 .18 .18 
Bulk Density           10 =  1510. 1510. 1510. 
Vertical Conductivity  10 =  2.18e-6 2.18e-6 2.18e-6 
Thermal Conductivity   10 =  7.114 6.923 7.0 
Thermal Capacity       10 =  1.4e6 1.4e6 1.4e6 
Mannings n             10 =  0.01 
 
################ SOIL 11 ######################################################### 

am   Soil Description       11 =  Sandy Lo
Lateral Conductivity   11 =  1.40e-5  
Exponential Decrease   11 =  2.0   
Maximum Infiltration   11 =  1.0e-6   
Capillary Drive        11 =  0.1   
Surface Albedo         11 =  0.1   
Number of Soil Layers  11 =  3   
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Porosity               11 =   .346 .346 .3

892 .892 .
46 

892 
8 18 18 
18 .18 .18 
08 .08 .08 
60. 1460. 1460. 

1.40e-5 1.40e-5 
.923 7.0 

1.4e6 1.4e6 

#####################################    
  

###########################################    

  
383 .383 .383 
414 .414 .414 

70 
 .32 

14 .14 
1370. 1370. 

39e-6 3.39e-6 
 
6 

########################################    
 

23 7.0 
6 1.4e6 

###################################### 

Pore Size Distribution 11 =   .
Bubbling Pressure      11 =   1
Field Capacity         11 =   .
Wilting Point          11 =   .
Bulk Density           11 =  14
Vertical Conductivity  11 =  1.40e-5 

6Thermal Conductivity   11 =  7.114 
Thermal Capacity       11 =  1.4e6 
Mannings n             11 =  0.01 
    
################ SOIL 12 ####################
Soil Description       12 =  Silty Clay Loam 
Lateral Conductivity   12 =  1.65e-6   
Exponential Decrease   12 =  2.0   
Maximum Infiltration   12 =  1.0e-6   
Capillary Drive        12 =  0.1   
Surface Albedo         12 =  0.1   
Number of Soil Layers  12 =  3   
Porosity               12 =   .383 .383 .383 
Pore Size Distribution 12 =   .230 .230 .230 
Bubbling Pressure      12 =   132 132 132 
Field Capacity         12 =   .38 .38 .38 
Wilting Point          12 =   .21 .21 .21 
Bulk Density           12 =  1300. 1300. 1300. 
Vertical Conductivity  12 =  1.65e-6 1.65e-6 1.65e-6 
Thermal Conductivity   12 =  7.114 6.923 7.0 
Thermal Capacity       12 =  1.4e6 1.4e6 1.4e6 
Mannings n             12 =  0.01 
    
################ SOIL 13 ##############
Soil Description       13 =  Silty Loam   
Lateral Conductivity   13 =  3.39e-6   
Exponential Decrease   13 =  2.0   
Maximum Infiltration   13 =  1.0e-6   
Capillary Drive        13 =  0.1   

1   Surface Albedo         13 =  0.
Number of Soil Layers  13 =  3 
Porosity               13 =   .
Pore Size Distribution 13 =   .
Bubbling Pressure      13 =   70 70 
Field Capacity         13 =   .32 .32
Wilting Point          13 =   .14 .
Bulk Density           13 =  1370. 
Vertical Conductivity  13 =  3.39e-6 3.
Thermal Conductivity   13 =  7.114 6.923 7.0
Thermal Capacity       13 =  1.4e6 1.4e6 1.4e
Mannings n             13 =  0.01 
 
################ SOIL 14 #################
Soil Description       14 =  Silty Loam  
Lateral Conductivity   14 =  3.39   e-6 
Exponential Decrease   14 =  2.0   
Maximum Infiltration   14 =  1.0e-6   
Capillary Drive        14 =  0.1   
Surface Albedo         14 =  0.1   
Number of Soil Layers  14 =  3   
Porosity               14 =   .383 .383 .383 
Pore Size Distribution 14 =   .414 .414 .414 
Bubbling Pressure      14 =   70 70 70 
Field Capacity         14 =   .32 .32 .32 
Wilting Point          14 =   .14 .14 .14 
Bulk Density           14 =  1370. 1370. 1370. 

3.39e-6 3.39e-6 Vertical Conductivity  14 =  3.39e-6 
Thermal Conductivity   14 =  7.114 6.9
Thermal Capacity       14 =  1.4e6 1.4e
Mannings n             14 =  0.01 
 
 
##########################################
# VEGETATION INFORMATION SECTION 
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################################################################################ 

ome/public/wilson001/input/veg_post_fire.bin 

############################################# 

0.    
  
 

 
0  
3             
0  

76 2.83 2.91 3.02 2.94 2.87 2.83 2.76 2.57 2.46 
363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 
2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

############################################# 

  

 
0  
3             
0  
6 2.83 2.91 3.02 2.94 2.87 2.83 2.76 2.57 2.46 

 
[VEGETATION] 
 
Vegetation Map File        = /h
Number of Vegetation Types = 48 
 
################ VEGETATION 1 #####
 
Vegetation Description   1 = FC1H   
Overstory Present        1 = TRUE   
Understory Present       1 = TRUE     
Fractional Coverage      1 = 0.75     
Trunk Space              1 = 0.3        
Aerodynamic Attenuation  1 = 3.5        
Radiation Attenuation    1 = 0.5        
Hemi Fract Coverage      1 = 
Clumping Factor          1 = 
Leaf Angle A             1 = 
Leaf Angle B             1 = 
Scattering Parameter     1 = 
Max Snow Int Capacity    1 = 0.04  
Mass Release Drip Ratio  1 = 0.4 
Snow Interception Eff    1 = 0.6 
Impervious Fraction      1 = 0.0 
Height                   1 = 4.8 0.5 
Maximum Resistance       1 = 1000. 5000.   
Minimum Resistance       1 = 333.3 25
Moisture Threshold       1 = 0.33 0.13
Vapor Pressure Deficit   1 = 4000 4000 
Rpc                      1 = .108 .108 
Number of Root Zones     1 = 3  
Root Zone Depths         1 = 0.10 0.30 0.7
Overstory Root Fraction  1 = 0.31 0.36 0.2
Understory Root Fraction 1 = 0.60 0.40 0.0

46 2.57 2.Overstory Monthly LAI    1 = 2.
Understory Monthly LAI   1 = 0.
0.363 0.363 
Overstory Monthly Alb    1 = 0.
Understory Monthly Alb   1 = 0.
 
################ VEGETATION 2 #####
 
Vegetation Description   2 = FC1L   
Overstory Present        2 = TRUE   
Understory Present       2 = TRUE     
Fractional Coverage      2 = 0.15     
Trunk Space              2 = 0.3        
Aerodynamic Attenuation  2 = 3.5        
Radiation Attenuation    2 = 0.5        
Hemi Fract Coverage      2 = 
Clumping Factor          2 = 
Leaf Angle A             2 = 
Leaf Angle B             2 = 
Scattering Parameter     2 = 
Max Snow Int Capacity    2 = 0.04  
Mass Release Drip Ratio  2 = 0.4 
Snow Interception Eff    2 = 0.6 
Impervious Fraction      2 = 0.0 
Height                   2 = 4.8 0.5 
Maximum Resistance       2 = 1000. 5000.   
Minimum Resistance       2 = 333.3 250.    

3  Moisture Threshold       2 = 0.33 0.1
Vapor Pressure Deficit   2 = 4000 4000
Rpc                      2 = .108 .108 
Number of Root Zones     2 = 3  
Root Zone Depths         2 = 0.10 0 0 0.7.3
Overstory Root Fraction  2 = 0.31 0.36 0.2
Understory Root Fraction 2 = 0.60 0.40 0.0
Overstory Monthly LAI    2 = 2.46 2.57 2.7
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Understory Monthly LAI   2 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 
 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

############################################ 

 

3  
  

 
0  
3             
0  
6 2.83 2.91 3.02 2.94 2.87 2.83 2.76 2.57 2.46 

0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 
2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

########################################### 

 

 
 

0  
3             
0  
2.23 12.56 12.90 13.39 13.06 12.73 12.56 12.23 

0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

0.363 0.363 
Overstory Monthly Alb    2 = 0.
Understory Monthly Alb   2 = 0.2 0.2
 

################# VEGETATION 3 #####
 
Vegetation Description   3 = FC1M  
Overstory Present        3 = TRUE   
Understory Present       3 = TRUE     
Fractional Coverage      3 = 0.35     
Trunk Space              3 = 0.3        
Aerodynamic Attenuation  3 = 3.5        
Radiation Attenuation    3 = 0.5        
Hemi Fract Coverage      3 = 
Clumping Factor          3 = 
Leaf Angle A             3 = 
Leaf Angle B             3 = 
Scattering Parameter     3 = 
Max Snow Int Capacity    3 = 0.04  
Mass Release Drip Ratio  3 = 0.4 
Snow Interception Eff    3 = 0.6 
Impervious Fraction      3 = 0.0 
Height                   3 = 4.8 0.5 
Maximum Resistance       3 = 1000. 5000.   
Minimum Resistance       3 = 333.3 250.    
Moisture Threshold       3 = 0.33 0.1
Vapor Pressure Deficit   3 = 4000 4000
Rpc                      3 = .108 .108 
Number of Root Zones     3 = 3  
Root Zone Depths         3 = 0.10 0 0 0.7.3
Overstory Root Fraction  3 = 0.31 0.36 0.2
Understory Root Fraction 3 = 0.60 0.40 0.0
Overstory Monthly LAI    3 = 2.46 2.57 2.7

363 0.462 Understory Monthly LAI   3 = 0.
0.363 0.363 
Overstory Monthly Alb    3 = 0.
Understory Monthly Alb   3 = 0.
 
################ VEGETATION 4 #######
 
Vegetation Description   4 = FC2H  
Overstory Present        4 = TRUE   
Understory Present       4 = TRUE     
Fractional Coverage      4 = 0.85     
Trunk Space              4 = 0.3        
Aerodynamic Attenuation  4 = 3.5        
Radiation Attenuation    4 = 0.5        
Hemi Fract Coverage      4 = 
Clumping Factor          4 = 
Leaf Angle A             4 = 
Leaf Angle B             4 = 
Scattering Parameter     4 = 
Max Snow Int Capacity    4 = 0.04  
Mass Release Drip Ratio  4 = 0.4 
Snow Interception Eff    4 = 0.6 
Impervious Fraction      4 = 0.0 
Height                   4 = 24.5 0.5 
Maximum Resistance       4 = 1000. 5000.   
Minimum Resistance       4 = 333.3 250.    
Moisture Threshold       4 = 0.33 0.13  

0  Vapor Pressure Deficit   4 = 4000 400
Rpc                      4 = .108 .108
Number of Root Zones     4 = 3  
Root Zone Depths         4 = 0.10 0.30 0.7
Overstory Root Fraction  4 = 0.31 0 6 0.2.3
Understory Root Fraction 4 = 0.60 0.40 0.0
Overstory Monthly LAI    4 = 10.90 11.40 1
11.40 10.90 

363 0.462 Understory Monthly LAI   4 = 0.
0.363 0.363 
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Overstory Monthly Alb    4 = 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 

2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

########################################### 

 
 

0  
 

 
0  
3             
0  
2.23 12.56 12.90 13.39 13.06 12.73 12.56 12.23 

0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 
2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

########################################### 

 

0  
 

 
0  
3             
0  
2.23 12.56 12.90 13.39 13.06 12.73 12.56 12.23 

0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 

Understory Monthly Alb   4 = 0.
 
################ VEGETATION 5 #######
 
Vegetation Description   5 = FC2L  
Overstory Present        5 = TRUE  
Understory Present       5 = TRUE     
Fractional Coverage      5 = 0.2     
Trunk Space              5 = 0.3        
Aerodynamic Attenuation  5 = 3.5        
Radiation Attenuation    5 = 0.5        
Hemi Fract Coverage      5 = 
Clumping Factor          5 = 
Leaf Angle A             5 = 
Leaf Angle B             5 = 
Scattering Parameter     5 = 
Max Snow Int Capacity    5 = 0.04  
Mass Release Drip Ratio  5 = 0.4 
Snow Interception Eff    5 = 0.6 
Impervious Fraction      5 = 0.0 
Height                   5 = 24.5 0.5 
Maximum Resistance       5 = 1000. 5000.   

nimum Resistance       5 = 333.3 250.    Mi
Moisture Threshold       5 = 0.33 0.13  
Vapor Pressure Deficit   5 = 4000 400
Rpc                      5 = .108 .108
Number of Root Zones     5 = 3  
Root Zone Depths         5 = 0.10 0.30 0.7
Overstory Root Fraction  5 = 0.31 0 6 0.2.3
Understory Root Fraction 5 = 0.60 0.40 0.0
Overstory Monthly LAI    5 = 10.90 11.40 1
11.40 10.90 

363 0.462 Understory Monthly LAI   5 = 0.
0.363 0.363 
Overstory Monthly Alb    5 = 0.
Understory Monthly Alb   5 = 0.
 
################ VEGETATION 6 #######
 
Vegetation Description   6 = FC2M  
Overstory Present        6 = TRUE   
Understory Present       6 = TRUE     
Fractional Coverage      6 = 0.4     
Trunk Space              6 = 0.3        
Aerodynamic Attenuation  6 = 3.5        
Radiation Attenuation    6 = 0.5        
Hemi Fract Coverage      6 = 
Clumping Factor          6 = 
Leaf Angle A             6 = 
Leaf Angle B             6 = 
Scattering Parameter     6 = 
Max Snow Int Capacity    6 = 0.04  
Mass Release Drip Ratio  6 = 0.4 
Snow Interception Eff    6 = 0.6 
Impervious Fraction      6 = 0.0 
Height                   6 = 24.5 0.5 
Maximum Resistance       6 = 1000. 5000.   
Minimum Resistance       6 = 333.3 250.    
Moisture Threshold       6 = 0.33 0.13  
Vapor Pressure Deficit   6 = 4000 400
Rpc                      6 = .108 .108
Number of Root Zones     6 = 3  
Root Zone Depths         6 = 0.10 0.30 0.7
Overstory Root Fraction  6 = 0.31 0 6 0.2.3
Understory Root Fraction 6 = 0.60 0.40 0.0
Overstory Monthly LAI    6 = 10.90 11.40 1
11.40 10.90 

363 0.462 Understory Monthly LAI   6 = 0.
0.363 0.363 
Overstory Monthly Alb    6 = 0.
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Understory Monthly Alb   6 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

########################################### 

 
 

0  
 

 
0  
3             
0  
5.04 15.44 15.85 16.46 16.05 15.65 15.44 15.04 

0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 
2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

########################################### 

 

0  
 

 
0  
3             
0  
5.04 15.44 15.85 16.46 16.05 15.65 15.44 15.04 

0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 
2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

 
################ VEGETATION 7 #######
 
Vegetation Description   7 = FC3H  
Overstory Present        7 = TRUE  
Understory Present       7 = TRUE     
Fractional Coverage      7 = 0.9     
Trunk Space              7 = 0.3        
Aerodynamic Attenuation  7 = 3.5        
Radiation Attenuation    7 = 0.5        
Hemi Fract Coverage      7 = 
Clumping Factor          7 = 
Leaf Angle A             7 = 
Leaf Angle B             7 = 
Scattering Parameter     7 = 
Max Snow Int Capacity    7 = 0.04  
Mass Release Drip Ratio  7 = 0.4 
Snow Interception Eff    7 = 0.6 
Impervious Fraction      7 = 0.0 
Height                   7 = 30.3 0.5 
Maximum Resistance       7 = 1000. 5000.   

nimum Resistance       7 = 333.3 250.    Mi
Moisture Threshold       7 = 0.33 0.13  
Vapor Pressure Deficit   7 = 4000 400
Rpc                      7 = .108 .108
Number of Root Zones     7 = 3  
Root Zone Depths         7 = 0.10 0.30 0.7
Overstory Root Fraction  7 = 0.31 0 6 0.2.3
Understory Root Fraction 7 = 0.60 0.40 0.0
Overstory Monthly LAI    7 = 13.40 14.01 1
14.01 13.40 

363 0.462 Understory Monthly LAI   7 = 0.
0.363 0.363 
Overstory Monthly Alb    7 = 0.
Understory Monthly Alb   7 = 0.
 
################ VEGETATION 8 #######
 
Vegetation Description   8 = FC3L  
Overstory Present        8 = TRUE   
Understory Present       8 = TRUE     
Fractional Coverage      8 = 0.2     
Trunk Space              8 = 0.3        
Aerodynamic Attenuation  8 = 3.5        
Radiation Attenuation    8 = 0.5        
Hemi Fract Coverage      8 = 
Clumping Factor          8 = 
Leaf Angle A             8 = 
Leaf Angle B             8 = 
Scattering Parameter     8 = 
Max Snow Int Capacity    8 = 0.04  
Mass Release Drip Ratio  8 = 0.4 
Snow Interception Eff    8 = 0.6 
Impervious Fraction      8 = 0.0 
Height                   8 = 30.3 0.5 
Maximum Resistance       8 = 1000. 5000.   
Minimum Resistance       8 = 333.3 250.    
Moisture Threshold       8 = 0.33 0.13  
Vapor Pressure Deficit   8 = 4000 400
Rpc                      8 = .108 .108
Number of Root Zones     8 = 3  
Root Zone Depths         8 = 0.10 0.30 0.7
Overstory Root Fraction  8 = 0.31 0. 6 0.23
Understory Root Fraction 8 = 0.60 0.40 0.0
Overstory Monthly LAI    8 = 13.40 14.01 1
14.01 13.40 

363 0.462 Understory Monthly LAI   8 = 0.
0.363 0.363 
Overstory Monthly Alb    8 = 0.
Understory Monthly Alb   8 = 0.
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################ VEGETATION 9 ################################################## 

 
 

 
 

0  
3             
0  
5.04 15.44 15.85 16.46 16.05 15.65 15.44 15.04 

0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 
2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

############################################ 

  
  

00  
8 

 
70  
23             
00  
17.17 17.64 18.10 18.80 18.34 17.87 17.64 17.17 

 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 

.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

 
Vegetation Description   9 = FC3M  
Overstory Present        9 = TRUE  
Understory Present       9 = TRUE     
Fractional Coverage      9 = 0.4     
Trunk Space              9 = 0.3        
Aerodynamic Attenuation  9 = 3.5        
Radiation Attenuation    9 = 0.5        
Hemi Fract Coverage      9 = 
Clumping Factor          9 = 
Leaf Angle A             9 = 
Leaf Angle B             9 = 
Scattering Parameter     9 = 
Max Snow Int Capacity    9 = 0.04  
Mass Release Drip Ratio  9 = 0.4 
Snow Interception Eff    9 = 0.6 
Impervious Fraction      9 = 0.0 
Height                   9 = 30.3 0.5 
Maximum Resistance       9 = 1000. 5000.   

nimum Resistance       9 = 333.3 250.    Mi
Moisture Threshold       9 = 0.33 0.13  

por Pressure Deficit   9 = 4000 4000  Va
Rpc                      9 = .108 .108
Number of Root Zones     9 = 3  
Root Zone Depths         9 = 0.10 0.30 0.7
Overstory Root Fraction  9 = 0.31 0. 6 0.23
Understory Root Fraction 9 = 0.60 0.40 0.0
Overstory Monthly LAI    9 = 13.40 14.01 1
14.01 13.40 

363 0.462 Understory Monthly LAI   9 = 0.
0.363 0.363 
Overstory Monthly Alb    9 = 0.
Understory Monthly Alb   9 = 0.
 
################ VEGETATION 10 ######
 
Vegetation Description   10 = FC4H 
Overstory Present        10 = TRUE 
Understory Present       10 = TRUE     
Fractional Coverage      10 = 0.9     
Trunk Space              10 = 0.3        
Aerodynamic Attenuation  10 = 3.5        
Radiation Attenuation    10 = 0.5        
Hemi Fract Coverage      10 = 
Clumping Factor          10 = 
Leaf Angle A             10 = 
Leaf Angle B             10 = 
Scattering Parameter     10 = 
Max Snow Int Capacity    10 = 0.04  
Mass Release Drip Ratio  10 = 0.4 
Snow Interception Eff    10 = 0.6 
Impervious Fraction      10 = 0.0 
Height                   10 = 34.7 0.5 
Maximum Resistance       10 = 1000. 5000.   
Minimum Resistance       10 = 333.3 250.    
Moisture Threshold       10 = 0.33 0.13  
Vapor Pressure Deficit   10 = 4000 40
Rpc                      10 = .108 .10
Number of Root Zones     10 = 3  
Root Zone Depths         10 = 0.10 0.30 0.
Overstory Root Fraction  10 = 0.31 0 36 0..
Understory Root Fraction 10 = 0.60 0.40 0.
Overstory Monthly LAI    10 = 15.31 16.01 
16.01 15.31 

.363 0.462Understory Monthly LAI   10 = 0
0.363 0.363 
Overstory Monthly Alb    10 = 0
Understory Monthly Alb   10 = 0
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################ VEGETATION 11 ################################################## 

  

8 
 

70  
23             
00  
17.17 17.64 18.10 18.80 18.34 17.87 17.64 17.17 

 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 

.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

############################################ 

  
  

08 
  
 0.70  

23             
00  
17.17 17.64 18.10 18.80 18.34 17.87 17.64 17.17 

0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 

.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

################################################## 

 
Vegetation Description   11 = FC4L 
Overstory Present        11 = TRUE   
Understory Present       11 = TRUE     
Fractional Coverage      11 = 0.2     
Trunk Space              11 = 0.3        
Aerodynamic Attenuation  11 = 3.5        
Radiation Attenuation    11 = 0.5        
Hemi Fract Coverage      11 = 
Clumping Factor          11 = 
Leaf Angle A             11 = 
Leaf Angle B             11 = 
Scattering Parameter     11 = 
Max Snow Int Capacity    11 = 0.04  
Mass Release Drip Ratio  11 = 0.4 
Snow Interception Eff    11 = 0.6 
Impervious Fraction      11 = 0.0 
Height                   11 = 34.7 0.5 
Maximum Resistance       11 = 1000. 5000.   

nimum Resistance       11 = 333.3 250.    Mi
Moisture Threshold       11 = 0.33 0.13  

por Pressure Deficit   11 = 4000 4000  Va
Rpc                      11 = .108 .10
Number of Root Zones     11 = 3  
Root Zone Depths         11 = 0.10 0.30 0.
Overstory Root Fraction  11 = 0.31 0 36 0..
Understory Root Fraction 11 = 0.60 0.40 0.
Overstory Monthly LAI    11 = 15.31 16.01 
16.01 15.31 

.363 0.462Understory Monthly LAI   11 = 0
0.363 0.363 
Overstory Monthly Alb    11 = 0
Understory Monthly Alb   11 = 0
 
################ VEGETATION 12 ######
 
Vegetation Description   12 = FC4M 
Overstory Present        12 = TRUE 
Understory Present       12 = TRUE     
Fractional Coverage      12 = 0.4     
Trunk Space              12 = 0.3        
Aerodynamic Attenuation  12 = 3.5        
Radiation Attenuation    12 = 0.5        
Hemi Fract Coverage      12 = 
Clumping Factor          12 = 
Leaf Angle A             12 = 
Leaf Angle B             12 = 
Scattering Parameter     12 = 
Max Snow Int Capacity    12 = 0.04  
Mass Release Drip Ratio  12 = 0.4 
Snow Interception Eff    12 = 0.6 
Impervious Fraction      12 = 0.0 
Height                   12 = 34.7 0.5 
Maximum Resistance       12 = 1000. 5000.   
Minimum Resistance       12 = 333.3 250.    
Moisture Threshold       12 = 0.33 0.13  
Vapor Pressure Deficit   12 = 4000 4000  
Rpc                      12 = .108 .1
Number of Root Zones     12 = 3 
Root Zone Depths         12 = 0.10 0.30
Overstory Root Fraction  12 = 0.31 0.36 0.
Understory Root Fraction 12 = 0.60 40 0.0.
Overstory Monthly LAI    12 = 15.31 16.01 
16.01 15.31 
Understory Monthly LAI   12 = 0.363 0.462 
0.363 0.363 
Overstory Monthly Alb    12 = 0
Understory Monthly Alb   12 = 0
 
################ VEGETATION 13 
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 Vegetation Description   13 = FC5H  
  

  

0 0.70  
 0.23             

00  
18.84 19.35 19.86 20.63 20.12 19.61 19.35 18.84 

0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 
.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

################################################## 

 
    

    

30 0.70  
6 0.23             
 0.00  

18.84 19.35 19.86 20.63 20.12 19.61 19.35 18.84 

0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 
 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

################################################## 

Overstory Present        13 = TRUE 
Understory Present       13 = TRUE     
Fractional Coverage      13 = 0.9   
Trunk Space              13 = 0.3        
Aerodynamic Attenuation  13 = 3.5        
Radiation Attenuation    13 = 0.5        
Hemi Fract Coverage      13 = 
Clumping Factor          13 = 
Leaf Angle A             13 = 
Leaf Angle B             13 = 
Scattering Parameter     13 = 
Max Snow Int Capacity    13 = 0.04  
Mass Release Drip Ratio  13 = 0.4 
Snow Interception Eff    13 = 0.6 
Impervious Fraction      13 = 0.0 
Height                   13 = 38.2 0.5 
Maximum Resistance       13 = 1000. 5000.   
Minimum Resistance       13 = 333.3 250.    
Moisture Threshold       13 = 0.33 0.13  

por Pressure Deficit   13 = 4000 4000  Va
Rpc                      13 = .108 .108 

mber of Root Zones     13 = 3   Nu
Root Zone Depths         13 = 0.10 0.3
Overstory Root Fraction  13 = 0.31 0.36
Understory Root Fraction 13 = 0.60 0.40 0.
Overstory Monthly LAI    13 = 16.79 7.56  1
17.56 16.79 
Understory Monthly LAI   13 = 0.363 0.462 
0.363 0.363 

.19 0.19 0Overstory Monthly Alb    13 = 0
Understory Monthly Alb   13 = 0
 
################ VEGETATION 14 
 
Vegetation Description   14 = FC5L   

 Overstory Present        14 = TRUE 
Understory Present       14 = TRUE 
Fractional Coverage      14 = 0.2 
Trunk Space              14 = 0.3        
Aerodynamic Attenuation  14 = 3.5        
Radiation Attenuation    14 = 0.5        
Hemi Fract Coverage      14 = 
Clumping Factor          14 = 
Leaf Angle A             14 = 
Leaf Angle B             14 = 
Scattering Parameter     14 = 
Max Snow Int Capacity    14 = 0.04  
Mass Release Drip Ratio  14 = 0.4 
Snow Interception Eff    14 = 0.6 
Impervious Fraction      14 = 0.0 
Height                   14 = 38.2 0.5 
Maximum Resistance       14 = 1000. 5000.   
Minimum Resistance       14 = 333.3 250.    
Moisture Threshold       14 = 0.33 0.13  
Vapor Pressure Deficit   14 = 4000 4000  
Rpc                      14 = .108 .108 
Number of Root Zones     14 = 3   
Root Zone Depths         14 = 0.10 0.
Overstory Root Fraction  14 = 0.31 0.3
Understory Root Fraction 14 = 0.60 0.40
Overstory Monthly LAI    14 = 16.79 17.56 
17.56 16.79 
Understory Monthly LAI   14 = 0.363 0.462 
0.363 0.363 
Overstory Monthly Alb    14 = 0.19 0.19 0.

.2 0.2 0.2Understory Monthly Alb   14 = 0
 
################ VEGETATION 15 
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Vegetation Description   15 = FC5M  
Overstory Present        15 = TRUE   

 

 

   
    

      
 

36 0.23             
0 0.00  
56 18.84 19.35 19.86 20.63 20.12 19.61 19.35 18.84 

0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 
0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

################################################## 

H1H   
RUE   

  
    

      
  

40 0.00  
6 0.76 1.85 3.95 5.94 6.29 5.71 4.42 1.91 0.76 0.46 
62 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 
0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

####################################### 

H1L   
RUE   

Understory Present       15 = TRUE 
Fractional Coverage      15 = 0.4 
Trunk Space              15 = 0.3  
Aerodynamic Attenuation  15 = 3.5       
Radiation Attenuation    15 = 0.5        
Hemi Fract Coverage      15 = 
Clumping Factor          15 = 
Leaf Angle A             15 = 
Leaf Angle B             15 = 
Scattering Parameter     15 = 
Max Snow Int Capacity    15 = 0.04  
Mass Release Drip Ratio  15 = 0.4 
Snow Interception Eff    15 = 0.6 
Impervious Fraction      15 = 0.0 
Height                   15 = 38.2 0.5 
Maximum Resistance       15 = 1000. 5000.   
Minimum Resistance       15 = 333.3 250.    
Moisture Threshold       15 = 0.33 0.13  
Vapor Pressure Deficit   15 = 4000 4000  
Rpc                      15 = .108 .108 

mber of Root Zones     15 = 3   Nu
Root Zone Depths         15 = 0.10 0.30 0.70  
Overstory Root Fraction  15 = 0.31 0.
Understory Root Fraction 15 = 0.60 0.4
Overstory Monthly LAI    15 = 16.79 17.
17.56 16.79 
Understory Monthly LAI   15 = 0.363 .462  0
0.363 0.363 
Overstory Monthly Alb    15 = 0.19 0.19 0.
Understory Monthly Alb   15 = 0.2 0.2 0.2 
 
################ VEGETATION 16 
 
Vegetation Description   16 = F
Overstory Present        16 = T
Understory Present       16 = TRUE   
Fractional Coverage      16 = 0.75 
Trunk Space              16 = 0.3  
Aerodynamic Attenuation  16 = 3.5      
Radiation Attenuation    16 = 0.5        
Hemi Fract Coverage      16 = 
Clumping Factor          16 = 
Leaf Angle A             16 = 
Leaf Angle B             16 = 
Scattering Parameter     16 = 
Max Snow Int Capacity    16 = 0.04  
Mass Release Drip Ratio  16 = 0.4 
Snow Interception Eff    16 = 0.6 
Impervious Fraction      16 = 0.0 
Height                   16 = 4.8 0.5 
Maximum Resistance       16 = 1000. 5000.   
Minimum Resistance       16 = 333.3 250.    
Moisture Threshold       16 = 0.33 0.13  
Vapor Pressure Deficit   16 = 4000 4000  
Rpc                      16 = .108 .108 
Number of Root Zones     16 = 3   
Root Zone Depths         16 = 0.10 0.30 0.70  
Overstory Root Fraction  16 = 0.31 0.36 0.23             
Understory Root Fraction 16 = 0.60 0.
Overstory Monthly LAI    16 = 0.46 0.4
Understory Monthly LAI   16 = 0.363 0.4
0.363 0.363 
Overstory Monthly Alb    16 = 0.23 23 0.0.
Understory Monthly Alb   16 = 0.2 0.2 0.2 
 
################ VEGETATION 17 ###########
 
Vegetation Description   17 = F
Overstory Present        17 = T
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Understory Present       17 = TRUE     

    
    

     
      

6 0.46 
.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 

 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 
0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

####################################### 

RUE     
.35     
.3        
.5        

    

 0.76 0.46 
8 0.363 

23 0.23 
0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

####################################### 

.3        

Fractional Coverage      17 = 0.15 
Trunk Space              17 = 0.3    

 Aerodynamic Attenuation  17 = 3.5  
Radiation Attenuation    17 = 0.5  
Hemi Fract Coverage      17 = 
Clumping Factor          17 = 
Leaf Angle A             17 = 
Leaf Angle B             17 = 
Scattering Parameter     17 = 
Max Snow Int Capacity    17 = 0.04  
Mass Release Drip Ratio  17 = 0.4 
Snow Interception Eff    17 = 0.6 
Impervious Fraction      17 = 0.0 
Height                   17 = 4.8 0.5 
Maximum Resistance       17 = 1000. 5000.   
Minimum Resistance       17 = 333.3 250.    
Moisture Threshold       17 = 0.33 0.13  
Vapor Pressure Deficit   17 = 4000 4000  
Rpc                      17 = .108 .108 
Number of Root Zones     17 = 3   
Root Zone Depths         17 = 0.10 0.30 0.70  
Overstory Root Fraction  17 = 0.31 0.36 0.23             

derstory Root Fraction 17 = 0.60 0.40 0.00  Un
Overstory Monthly LAI    17 = 0.46 0.46 0.76 1.85 3.95 5.94 6.29 5.71 4.42 1.91 0.7
Understory Monthly LAI   17 = 0.363 0
0.363 0.363 
Overstory Monthly Alb    17 = 0.23 0.23
Understory Monthly Alb   17 = 0.2 0.2 0.2 
 
################ VEGETATION 18 ###########
 
Vegetation Description   18 = FH1M   

RUE   Overstory Present        18 = T
Understory Present       18 = T
Fractional Coverage      18 = 0
Trunk Space              18 = 0
Aerodynamic Attenuation  18 = 3
Radiation Attenuation    18 = 0.5    
Hemi Fract Coverage      18 = 
Clumping Factor          18 = 
Leaf Angle A             18 = 
Leaf Angle B             18 = 
Scattering Parameter     18 = 
Max Snow Int Capacity    18 = 0.04  
Mass Release Drip Ratio  18 = 0.4 
Snow Interception Eff    18 = 0.6 
Impervious Fraction      18 = 0.0 
Height                   18 = 4.8 0.5 
Maximum Resistance       18 = 1000. 5000.   
Minimum Resistance       18 = 333.3 250.    
Moisture Threshold       18 = 0.33 0.13  
Vapor Pressure Deficit   18 = 4000 4000  
Rpc                      18 = .108 .108 
Number of Root Zones     18 = 3   
Root Zone Depths         18 = 0.10 0.30 0.70  
Overstory Root Fraction  18 = 0.31 0.36 0.23             
Understory Root Fraction 18 = 0.60 0.40 0.00  
Overstory Monthly LAI    18 = 0.46 0.46 0.76 1.85 3.95 5.94 6.29 5.71 4.42 1.91
Understory Monthly LAI   18 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.63
0.363 0.363 

23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.Overstory Monthly Alb    18 = 0.23 0.
Understory Monthly Alb   18 = 0.2 0.2 
 
################ VEGETATION 19 ###########
 
Vegetation Description   19 = FH2H   
Overstory Present        19 = TRUE   
Understory Present       19 = TRUE     

.85     Fractional Coverage      19 = 0
Trunk Space              19 = 0
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Aerodynamic Attenuation  19 = 3.5        

.5        

   

38 

.638 0.363 

3 0.23 
 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

########################################## 

.5        

.5        

  
   

.38 

0.638 0.363 

23 0.23 

########################################### 

Radiation Attenuation    19 = 0
Hemi Fract Coverage      19 = 
Clumping Factor          19 = 
Leaf Angle A             19 = 
Leaf Angle B             19 = 
Scattering Parameter     19 = 
Max Snow Int Capacity    19 = 0.04  
Mass Release Drip Ratio  19 = 0.4 
Snow Interception Eff    19 = 0.6 
Impervious Fraction      19 = 0.0 
Height                   19 = 24.5 0.5 
Maximum Resistance       19 = 1000. 5000.
Minimum Resistance       19 = 333 50.3 2 .    
Moisture Threshold       19 = 0.33 0.13  
Vapor Pressure Deficit   19 = 4000 4000  
Rpc                      19 = .108 .108 
Number of Root Zones     19 = 3   
Root Zone Depths         19 = 0.10 0.30 0.70  
Overstory Root Fraction  19 = 0.31 0.36 0.23             
Understory Root Fraction 19 = 0.60 0.40 0.00  
Overstory Monthly LAI    19 = 2.02 2.02 3.38 8.20 17.55 26.37 27.93 25.33 19.62 8.46 3.
2.02 
Understory Monthly LAI   19 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0
0.363 0.363 
Overstory Monthly Alb    19 = 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.2
Understory Monthly Alb   19 = 0.2 0.2
 
################ VEGETATION 20 ########
 
Vegetation Description   20 = FH2L   
Overstory Present        20 = TRUE   
Understory Present       20 = TRUE     
Fractional Coverage      20 = 0.2     

.3        Trunk Space              20 = 0
Aerodynamic Attenuation  20 = 3
Radiation Attenuation    20 = 0
Hemi Fract Coverage      20 = 
Clumping Factor          20 = 
Leaf Angle A             20 = 
Leaf Angle B             20 = 
Scattering Parameter     20 = 
Max Snow Int Capacity    20 = 0.04  
Mass Release Drip Ratio  20 = 0.4 
Snow Interception Eff    20 = 0.6 
Impervious Fraction      20 = 0.0 
Height                   20 = 24.5 0.5 
Maximum Resistance       20 = 1000. 5000. 
Minimum Resistance       20 = 333.3 250. 
Moisture Threshold       20 = 0.3 133 0.   
Vapor Pressure Deficit   20 = 4000 4000  
Rpc                      20 = .108 .108 
Number of Root Zones     20 = 3   
Root Zone Depths         20 = 0.10 0.30 0.70  
Overstory Root Fraction  20 = 0.31 0.36 0.23             
Understory Root Fraction 20 = 0.60 0.40 0.00  
Overstory Monthly LAI    20 = 2.02 2.02 3.38 8.20 17.55 26.37 27.93 25.33 19.62 8.46 3
2.02 
Understory Monthly LAI   20 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 
0.363 0.363 
Overstory Monthly Alb    20 = 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.
Understory Monthly Alb   20 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 21 #######
 
Vegetation Description   21 = FH2M   
Overstory Present        21 = TRUE   
Understory Present       21 = TRUE     
Fractional Coverage      21 = 0.4     
Trunk Space              21 = 0.3        

.5        Aerodynamic Attenuation  21 = 3
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Radiation Attenuation    21 = 0.5        

 

  
  

63 

 0.23 0.23 

############################################ 

 

363 

3 0.23 0.23 

Hemi Fract Coverage      21 = 
Clumping Factor          21 = 
Leaf Angle A             21 = 
Leaf Angle B             21 = 
Scattering Parameter     21 = 
Max Snow Int Capacity    21 = 0.04 
Mass Release Drip Ratio  21 = 0.4 
Snow Interception Eff    21 = 0.6 
Impervious Fraction      21 = 0.0 
Height                   21 = 24.5 0.5 
Maximum Resistance       21 = 1000. 5000. 
Minimum Resistance       21 = 333.3 250.  
Moisture Threshold       21 = 0.33 0.13  
Vapor Pressure Deficit   21 = 400 000 40   
Rpc                      21 = .108 .108 
Number of Root Zones     21 = 3   
Root Zone Depths         21 = 0.10 0.30 0.70  
Overstory Root Fraction  21 = 0.31 0.36 0.23             
Understory Root Fraction 21 = 0.60 0.40 0.00  
Overstory Monthly LAI    21 = 2.02 2.02 3.38 8.20 17.55 26.37 27.93 25.33 19.62 8.46 3.38 
2.02 
Understory Monthly LAI   21 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.3
0.363 0.363 
Overstory Monthly Alb    21 = 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23
Understory Monthly Alb   21 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 22 ######
 
Vegetation Description   22 = FH3H   
Overstory Present        22 = TRUE   
Understory Present       22 = TRUE     
Fractional Coverage      22 = 0.9     
Trunk Space              22 = 0.3        
Aerodynamic Attenuation  22 = 3.5        

.5        Radiation Attenuation    22 = 0
Hemi Fract Coverage      22 = 
Clumping Factor          22 = 
Leaf Angle A             22 = 
Leaf Angle B             22 = 
Scattering Parameter     22 = 
Max Snow Int Capacity    22 = 0.04 
Mass Release Drip Ratio  22 = 0.4 
Snow Interception Eff    22 = 0.6 
Impervious Fraction      22 = 0.0 
Height                   22 = 30.3 0.5 
Maximum Resistance       22 = 1000. 5000.   

  Minimum Resistance       22 = 333.3 250.  
Moisture Threshold       22 = 0.33 0.13  
Vapor Pressure Deficit   22 = 4000 4000  
Rpc                      22 = .10 088 .1  
Number of Root Zones     22 = 3   
Root Zone Depths         22 = 0.10 0.30 0.70  

          Overstory Root Fraction  22 = 0.31 0.36 0.23   
Understory Root Fraction 22 = 0.60 0.40 0.00  
Overstory Monthly LAI    22 = 2.49 2.49 4.15 10.08 21.57 32.41 34.33 31.14 24.12 10.40 
4.15 2.49 
Understory Monthly LAI   22 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.
0.363 0.363 
Overstory Monthly Alb    22 = 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.2
Understory Monthly Alb   22 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 23 ################################################## 
 
Vegetation Description   23 = FH3L   
Overstory Present        23 = TRUE   
Understory Present       23 = TRUE     
Fractional Coverage      23 = 0.2     
Trunk Space              23 = 0.3        
Aerodynamic Attenuation  23 = 3.5        
Radiation Attenuation    23 = 0.5        
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Hemi Fract Coverage      23 = 
Clumping Factor          23 = 
Leaf Angle A             23 = 
Leaf Angle B             23 = 
Scattering Parameter     23 = 
Max Snow Int Capacity    23 = 0.04  
Mass Release Drip Ratio  23 = 0.4 
Snow Interception Eff    23 = 0.6 
Impervious Fraction      23 = 0.0 
Height                   23 = 30.3 0.5 
Maximum Resistance       23 = 1000. 5000.   
Minimum Resistance       23 = 333.3 250.    
Moisture Threshold       23 = 0.33 0.13  
Vapor Pressure Deficit   23 = 4000 4000  
Rpc                      23 = .108 .108 
Number of Root Zones     23 = 3   
Root Zone Depths         23 = 0.10 0.30 0.70  
Overstory Root Fraction  23 = 0.31 0.36 0.23             
Understory Root Fraction 23 = 0.60 0.40 0.00  
Overstory Monthly LAI    23 = 2.49 2.49 4.15 10.08 21.57 32.41 34.33 31.14 24.12 10.40 
4.15 2.49 
Understory Monthly LAI   23 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    23 = 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.
Understory Monthly Alb   23 =

23 

  
 

5 

          

32.41 34.33 31.14 24.12 10.40 

23 

 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 24 ################################################## 
 
Vegetation Description   24 = FH3M 
Overstory Present        24 = TRUE  
Understory Present       24 = TRUE     
Fractional Coverage      24 = 0.4     
Trunk Space              24 = 0.3        
Aerodynamic Attenuation  24 = 3.5        
Radiation Attenuation    24 = 0.5        
Hemi Fract Coverage      24 = 
Clumping Factor          24 = 
Leaf Angle A             24 = 
Leaf Angle B             24 = 
Scattering Parameter     24 = 
Max Snow Int Capacity    24 = 0.04  
Mass Release Drip Ratio  24 = 0.4 
Snow Interception Eff    24 = 0.6 
Impervious Fraction      24 = 0.0 
Height                   24 = 30.3 0.
Maximum Resistance       24 = 1000. 5000.   
Minimum Resistance       24 = 333.3 250.    
Moisture Threshold       24 = 0.33 0.13  
Vapor Pressure Deficit   24 = 4000 4000  
Rpc                      24 = .108 .108 
Number of Root Zones     24 = 3   
Root Zone Depths         24 = 0.10 0.30 0.70  
Overstory Root Fraction  24 = 0.31 0.36 0.23   
Understory Root Fraction 24 = 0.60 0.40 0.00  

.08 21.57 Overstory Monthly LAI    24 = 2.49 2.49 4.15 10
4.15 2.49 
Understory Monthly LAI   24 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    24 = 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.
Understory Monthly Alb   24 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 25 ################################################## 
 

 Vegetation Description   25 = FH4H  
Overstory Present        25 = TRUE   
Understory Present       25 = TRUE     
Fractional Coverage      25 = 0.9     
Trunk Space              25 = 0.3        
Aerodynamic Attenuation  25 = 3.5        
Radiation Attenuation    25 = 0.5        
Hemi Fract Coverage      25 = 
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Clumping Factor          25 = 
Leaf Angle A             25 = 
Leaf Angle B             25 = 
Scattering Parameter     25 = 
Max Snow Int Capacity    25 = 0.04  

## 

 

.04  

0.5 
 5000.   

0.    
  
 

 
  

.3  0.70 
          

7.02 39.20 35.56 27.54 11.88 

Mass Release Drip Ratio  25 = 0.4 
Snow Interception Eff    25 = 0.6 
Impervious Fraction      25 = 0.0 
Height                   25 = 34.7 0.5 
Maximum Resistance       25 = 1000. 5000.   
Minimum Resistance       25 = 333.3 250.    
Moisture Threshold       25 = 0.33 0.13  
Vapor Pressure Deficit   25 = 4000 4000  
Rpc                      25 = .108 .108 
Number of Root Zones     25 = 3   
Root Zone Depths         25 = 0.10 0.30 0.70  
Overstory Root Fraction  25 = 0.31 0.36 0.23             
Understory Root Fraction 25 = 0.60 0.40 0.00  
Overstory Monthly LAI    25 = 2.84 2.84 4.74 11.52 24.63 37.02 39.20 35.56 27.54 11.88 
4.74 2.84 
Understory Monthly LAI   25 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    25 = 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 
Understory Monthly Alb   25 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 26 ################################################
 
Vegetation Description   26 = FH4L   
Overstory Present        26 = TRUE   
Understory Present       26 = TRUE     

    Fractional Coverage      26 = 0.2 
Trunk Space              26 = 0.3       
Aerodynamic Attenuation  26 = 3.5        
Radiation Attenuation    26 = 0.5        
Hemi Fract Coverage      26 = 
Clumping Factor          26 = 
Leaf Angle A             26 = 
Leaf Angle B             26 = 
Scattering Parameter     26 = 
Max Snow Int Capacity    26 = 0
Mass Release Drip Ratio  26 = 0.4 
Snow Interception Eff    26 = 0.6 
Impervious Fraction      26 = 0.0 
Height                   26 = 34.7 
Maximum Resistance       26 = 1000.
Minimum Resistance       26 = 333.3 25
Moisture Threshold       26 = 0.33 0.13
Vapor Pressure Deficit   26 = 4000 4000 

08Rpc                      26 = .108 .1
Number of Root Zones     26 = 3 
Root Zone Depths         26 = 0.10 0 0  
Overstory Root Fraction  26 = 0.3 36   1 0.  0.23 
Understory Root Fraction 26 = 0.60 0.40 0.00  
Overstory Monthly LAI    26 = 2.84 2.84 4.74 11.52 24.63 3
4.74 2.84 
Understory Monthly LAI   26 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    26 = 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 
Understory Monthly Alb   26 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 27 ################################################## 
 
Vegetation Description   27 = FH4M   
Overstory Present        27 = TRUE   
Understory Present       27 = TRUE     

 27 = 0.4     Fractional Coverage     
Trunk Space              27 = 0.3        
Aerodynamic Attenuation  27 = 3.5        
Radiation Attenuation    27 = 0.5        
Hemi Fract Coverage      27 = 
Clumping Factor          27 = 
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Leaf Angle A             27 = 

.4 
0.6 

1000. 5000.   
33.3 250.    
.33 0.13  
000 4000  

4 11.88 

.125 1.075 0.638 0.363 

0.23 0.23 0.23 

## 

ss Release Drip Ratio  28 = 0.4 

 13.03 

.638 0.363 

3 0.23 0.23 0.23 
 0.2 0.2 0.2 

######## 

Leaf Angle B             27 = 
Scattering Parameter     27 = 

0.04  Max Snow Int Capacity    27 = 
Mass Release Drip Ratio  27 = 0

ow Interception Eff    27 = Sn
Impervious Fraction      27 = 0.0 
Height                   27 = 34.7 0.5 
Maximum Resistance       27 = 
Minimum Resistance       27 = 3
Moisture Threshold       27 = 0
Vapor Pressure Deficit   27 = 4
Rpc                      27 = .108 .108 
Number of Root Zones     27 = 3   
Root Zone Depths         27 = 0.10 0.30 0.70  
Overstory Root Fraction  27 = 0.31 0.36 0.23             
Understory Root Fraction 27 = 0.60 0.40 0.00  
Overstory Monthly LAI    27 = 2.84 2.84 4.74 11.52 24.63 37.02 39.20 35.56 27.5
4.74 2.84 

derstory Monthly LAI   27 = 0.363 0.462 0.600 0.600 0.600 0.600 1Un
0.363 0.363 

erstory Monthly Alb    27 = 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 Ov
Understory Monthly Alb   27 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 28 ################################################
 
Vegetation Description   28 = FH5H   
Overstory Present        28 = TRUE   
Understory Present       28 = TRUE     
Fractional Coverage      28 = 0.9     
Trunk Space              28 = 0.3        
Aerodynamic Attenuation  28 = 3.5        
Radiation Attenuation    28 = 0.5        
Hemi Fract Coverage      28 = 
Clumping Factor          28 = 
Leaf Angle A             28 = 
Leaf Angle B             28 = 
Scattering Parameter     28 = 

x Snow Int Capacity    28 = 0.04  Ma
Ma
Snow Interception Eff    28 = 0.6 
Impervious Fraction      28 = 0.0 
Height                   28 = 38.2 0.5 
Maximum Resistance       28 = 1000. 5000.   
Minimum Resistance       28 = 333.3 250.    
Moisture Threshold       28 = 0.33 0.13  
Vapor Pressure Deficit   28 = 4000 4000  
Rpc                      28 = .108 .108 

mber of Root Zones     28 = 3   Nu
Root Zone Depths         28 = 0.10 0.30 0.70  
Overstory Root Fraction  28 = 0.31 0.36 0.23             
Understory Root Fraction 28 = 0.60 0.40 0.00  
Overstory Monthly LAI    28 = 3.12 3.12 5.20 12.63 27.02 40.61 43.01 39.02 30.22
5.20 3.12 
Understory Monthly LAI   28 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0
0.363 0.363 
Overstory Monthly Alb    28 = 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.2
Understory Monthly Alb   28 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
 
################ VEGETATION 29 ##########################################
 
Vegetation Description   29 = FH5L   
Overstory Present        29 = TRUE   
Understory Present       29 = TRUE     
Fractional Coverage      29 = 0.2     
Trunk Space              29 = 0.3        
Aerodynamic Attenuation  29 = 3.5        
Radiation Attenuation    29 = 0.5        

mi Fract Coverage      29 = He
Clumping Factor          29 = 

af Angle A             29 = Le
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Leaf Angle B             29 = 
Scattering Parameter     29 = 
Max Snow Int Capacity    29 = 0.04  
Mass Release Drip Ratio  29 = 0.4 
Snow Interception Eff    29 = 0.6 

pervious Fraction      29 = 0.0 Im
Height                   29 = 38.2 0.5 
Maximum Resistance       29 = 1000. 5000.   
Minimum Resistance       29 = 333.3 250.    
Moisture Threshold       29 = 0.33 0.13  
Vapor Pressure Deficit   29 = 4000 4000  
Rpc                      29 = .108 .108 
Number of Root Zones     29 = 3   
Root Zone Depths         29 = 0.10 0.30 0.70  
Overstory Root Fraction  29 = 0.31 0.36 0.23             
Understory Root Fraction 29 = 0.60 0.40 0.00  
Overstory Monthly LAI    29 = 3.12 3.12 5.20 12.63 27.02 40.61 43.01 39.02 30.22 13.03 

8 0.363 

.23 0.23 

# 

Leaf Angle A             30 = 
Leaf Angle B             30 = 
Scattering Parameter     30 = 
Max Snow Int Capacity    30 = 0.04  
Mass Release Drip Ratio  30 = 0.4 
Snow Interception Eff    30 = 0.6 
Impervious Fraction      30 = 0.0 
Height                   30 = 38.2 0.5 
Maximum Resistance       30 = 1000. 5000.   
Minimum Resistance       30 = 333.3 250.    
Moisture Threshold       30 = 0.33 0.13  
Vapor Pressure Deficit   30 = 4000 4000  
Rpc                      30 = .108 .108 
Number of Root Zones     30 = 3   
Root Zone Depths         30 = 0.10 0.30 0.70  
Overstory Root Fraction  30 = 0.31 0.36 0.23             
Understory Root Fraction 30 = 0.60 0.40 0.00  
Overstory Monthly LAI    30 = 3.12 3.12 5.20 12.63 27.02 40.61 43.01 39.02 30.22 13.03 
5.20 3.12 
Understory Monthly LAI   30 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    30 = 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 
Understory Monthly Alb   30 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 31 ################################################## 
 
Vegetation Description   31 = FM1H   
Overstory Present        31 = TRUE   
Understory Present       31 = TRUE     
Fractional Coverage      31 = 0.75     
Trunk Space              31 = 0.3        
Aerodynamic Attenuation  31 = 3.5        
Radiation Attenuation    31 = 0.5        
Hemi Fract Coverage      31 = 
Clumping Factor          31 = 
Leaf Angle A             31 = 
Leaf Angle B             31 = 

5.20 3.12 
Understory Monthly LAI   29 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.63
0.363 0.363 

0.23 0.23 0.23 0.23 0.23 0.23 0Overstory Monthly Alb    29 = 0.23 0.23 0.23 0.23 
Understory Monthly Alb   29 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 30 #################################################
 
Vegetation Description   30 = FH5M   
Overstory Present        30 = TRUE   
Understory Present       30 = TRUE     
Fractional Coverage      30 = 0.4     
Trunk Space              30 = 0.3        
Aerodynamic Attenuation  30 = 3.5        
Radiation Attenuation    30 = 0.5        
Hemi Fract Coverage      30 = 
Clumping Factor          30 = 
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Scattering Parameter     31 = 
Max Snow Int Capacity    31 = 0.04  
Mass Release Drip Ratio  31 = 0.4 
Snow Interception Eff    31 = 0.6 
Impervious Fraction      31 = 0.0 
Height                   31 = 4.8 0.5 
Maximum Resistance       31 = 1000. 5000.   
Minimum Resistance       31 = 333.3 250.    
Moisture Threshold       31 = 0.33 0.13  
Vapor Pressure Deficit   31 = 4000 4000  
Rpc                      31 = .108 .108 
Number of Root Zones     31 = 3   
Root Zone Depths         31 = 0.10 0.30 0.70  
Overstory Root Fraction  31 = 0.31 0.36 0.23             
Understory Root Fraction 31 = 0.60 0.40 0.00  
Overstory Monthly LAI    31 = 2.05 2.14 2.34 2.59 3.03 3.54 3.59 3.41 3.06 2.55 2.20 2.05 
Understory Monthly LAI   31 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    31 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   31 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 32 ################################################## 
 
Vegetation Description   32 = FM1L   
Overstory Present        32 = TRUE   
Understory Present       32 = TRUE     
Fractional Coverage      32 = 0.15     
Trunk Space              32 = 0.3        
Aerodynamic Attenuation  32 = 3.5        
Radiation Attenuation    32 = 0.5        
Hemi Fract Coverage      32 = 
Clumping Factor          32 = 
Leaf Angle A             32 = 
Leaf Angle B             32 = 
Scattering Parameter     32 = 
Max Snow Int Capacity    32 = 0.04  
Mass Release Drip Ratio  32 = 0.4 
Snow Interception Eff    32 = 0.6 
Impervious Fraction      32 = 0.0 
Height                   32 = 4.8 0.5 
Maximum Resistance       32 = 1000. 5000.   
Minimum Resistance       32 = 333.3 250.    
Moisture Threshold       32 = 0.33 0.13  
Vapor Pressure Deficit   32 = 4000 4000  
Rpc                      32 = .108 .108 
Number of Root Zones     32 = 3   
Root Zone Depths         32 = 0.10 0.30 0.70  
Overstory Root Fraction  32 = 0.31 0.36 0.23             
Understory Root Fraction 32 = 0.60 0.40 0.00  
Overstory Monthly LAI    32 = 2.05 2.14 2.34 2.59 3.03 3.54 3.59 3.41 3.06 2.55 2.20 2.05 
Understory Monthly LAI   32 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    32 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   32 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 33 ################################################## 
 
Vegetation Description   33 = FM1M   
Overstory Present        33 = TRUE   
Understory Present       33 = TRUE     
Fractional Coverage      33 = 0.35     
Trunk Space              33 = 0.3        
Aerodynamic Attenuation  33 = 3.5        
Radiation Attenuation    33 = 0.5        
Hemi Fract Coverage      33 = 
Clumping Factor          33 = 
Leaf Angle A             33 = 
Leaf Angle B             33 = 
Scattering Parameter     33 = 
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Max Snow Int Capacity    33 = 0.04  

Height                   33 = 4.8 0.5 
 5000.   
 250.    

Moisture Threshold       33 = 0.33 0.13  
Vapor Pressure Deficit   33 = 4000 4000 
Rpc                      33 = .108 .108 
Number of Root Zon
Root Zone Depths  
Overstory Root Fraction  33 = 0.31 0.36 0.23             

ry Root Fr  0 0 
y Monthly L =  59 3 3.06 2. 2.20
y  6
3

 A  07 0 . 71 
0. 1 071 0.
Understory Monthly Alb   33 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
## ## VEGET 4 ## #### ##### ##### #####
 
Ve e ption  FM2
Ov e       TRU
Un re t     TRU
F o ge    0.8  
Trunk Space              34 = 0.3        
Aerodynamic Attenuation  34 = 3.5        
Radiation Attenuation    34 = 0.5        
Hemi Fract Coverage      34 = 
Clumping Factor          34 = 
Leaf Angle A             34 = 
Leaf Angle B             34 = 
Scattering Parameter     34 = 
Ma  city   0.04
Ma   Rati  0.4
Sn p  Eff  0.6
Impervious Fraction      34 = 0.0 
eight               34 24.5 0.5 
aximum Resistance       34 = 1000. 50

Minimum Resistance       34 = 333.3 25
Moisture Threshold       34 = 0.33 0.13  
Vapor Pressure Def
Rpc                      34 = .108 .108 

f Root Zon  
 De  
 R .  
 ra =  0.

 L  10  1 .3
9.
U on y LAI  0.36 2 0.6 00 0.6 00 1. .075 0.36
0
Overstory Monthly Alb    34 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0. 1 071 0
Un o y Alb  0.2 2 0.2 .2 0.2 .2 0.  0.2
 
# ## VEGETA 5 ### ##### ###### ##### #####
 
V e ption  FM2
Ov es       TRU
Un re t     TRU
Fr ov ge    0.2  
Trunk Space              35 = 0.3        
Aerodynamic Attenuation  35 = 3.5        
Radiation Attenuation    35 = 0.5        
Hemi Fract Coverage      35 = 
Clumping Factor          35 = 
Leaf Angle A             35 = 
Leaf Angle B             35 = 
Scattering Parameter     35 = 

Mass Release Drip Ratio  33 = 0.4 
Snow Interception Eff    33 = 0.6 
Impervious Fraction      33 = 0.0 

Maximum Resistance       33 = 1000.
Minimum Resistance       33 = 333.3

 

es     33 = 3   
       33 = 0.10 0.30 0.70  

Understo
Overstor
Understor
0.363 0.36
Overstory 

action 33 =
AI    33 

 LAI   33 =

lb    33 
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2.05 2.14
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########### ## TION 3 ###### ###### ###### ##### ### 

egetation D
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ent

   35 =
   35 =

L   
E   

derstory P sen    35 = E     
actional C era    35 =     
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Max Snow Int Capacity    35 = 0.04  
Mass Release Drip Ratio  35 = 0.4 
Snow Interception Eff    35 = 0.6 
Impervious Fraction      35 = 0.0 
Height                   35 = 24.5 0.5 
Maximum Resistance       35 = 1000. 5000.   
Minimum Resistance       35 = 333.3 250.    
Moisture Threshold       35 = 0.33 0.13  
Vapor Pressure Deficit   35 = 4000 4000  
Rpc                      35 = .108 .108 
Number of Root Zones     35 = 3   
Root Zone Depths         35 = 0.10 0.30 0.70  
Overstory Root Fraction  35 = 0.31 0.36 0.23             
Understory Root Fraction 35 = 0.60 0.40 0.00  
Overstory Monthly LAI    35 = 9.09 9.51 10.41 11.50 13.46 15.70 15.93 15.12 13.59 11.30 
9.75 9.11 
Understory Monthly LAI   35 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    35 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   35 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 36 ################################################## 
 
Vegetation Description   36 = FM2M   
Overstory Present        36 = TRUE   
Understory Present       36 = TRUE     
Fractional Coverage      36 = 0.4     
Trunk Space              36 = 0.3        
Aerodynamic Attenuation  36 = 3.5        
Radiation Attenuation    36 = 0.5        
Hemi Fract Coverage      36 = 
Clumping Factor          36 = 
Leaf Angle A             36 = 
Leaf Angle B             36 = 
Scattering Parameter     36 = 
Max Snow Int Capacity    36 = 0.04  
Mass Release Drip Ratio  36 = 0.4 
Snow Interception Eff    36 = 0.6 
Impervious Fraction      36 = 0.0 
Height                   36 = 24.5 0.5 
Maximum Resistance       36 = 1000. 5000.   
Minimum Resistance       36 = 333.3 250.    
Moisture Threshold       36 = 0.33 0.13  
Vapor Pressure Deficit   36 = 4000 4000  
Rpc                      36 = .108 .108 
Number of Root Zones     36 = 3   
Root Zone Depths         36 = 0.10 0.30 0.70  
Overstory Root Fraction  36 = 0.31 0.36 0.23             
Understory Root Fraction 36 = 0.60 0.40 0.00  
Overstory Monthly LAI    36 = 9.09 9.51 10.41 11.50 13.46 15.70 15.93 15.12 13.59 11.30 
9.75 9.11 
Understory Monthly LAI   36 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    36 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   36 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 37 ################################################## 
 
Vegetation Description   37 = FM3H   
Overstory Present        37 = TRUE   
Understory Present       37 = TRUE     
Fractional Coverage      37 = 0.9     
Trunk Space              37 = 0.3        
Aerodynamic Attenuation  37 = 3.5        
Radiation Attenuation    37 = 0.5        
Hemi Fract Coverage      37 = 
Clumping Factor          37 = 
Leaf Angle A             37 = 
Leaf Angle B             37 = 
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Scattering Parameter     37 = 
Max Snow Int Capacity    37 = 0.04  
Mass Release Drip Ratio  37 = 0.4 
Snow Interception Eff    37 = 0.6 
Impervious Fraction      37 = 0.0 
Height                   37 = 30.3 0.5 
Maximum Resistance       37 = 1000. 5000.   
Minimum Resistance       37 = 333.3 250.    
Moisture Threshold       37 = 0.33 0.13  
Vapor Pressure Deficit   37 = 4000 4000  
Rpc                      37 = .108 .108 
Number of Root Zones     37 = 3   
Root Zone Depths         37 = 0.10 0.30 0.70  
Overstory Root Fraction  37 = 0.31 0.36 0.23             
Understory Root Fraction 37 = 0.60 0.40 0.00  
Overstory Monthly LAI    37 = 11.17 11.68 12.79 14.13 16.54 19.30 19.58 18.58 16.70 13.89 
11.99 11.20 
Understory Monthly LAI   37 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    37 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   37 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 38 ################################################## 
 
Vegetation Description   38 = FM3L   
Overstory Present        38 = TRUE   
Understory Present       38 = TRUE     
Fractional Coverage      38 = 0.2     
Trunk Space              38 = 0.3        
Aerodynamic Attenuation  38 = 3.5        
Radiation Attenuation    38 = 0.5        
Hemi Fract Coverage      38 = 
Clumping Factor          38 = 
Leaf Angle A             38 = 
Leaf Angle B             38 = 
Scattering Parameter     38 = 
Max Snow Int Capacity    38 = 0.04  
Mass Release Drip Ratio  38 = 0.4 
Snow Interception Eff    38 = 0.6 
Impervious Fraction      38 = 0.0 
Height                   38 = 30.3 0.5 
Maximum Resistance       38 = 1000. 5000.   
Minimum Resistance       38 = 333.3 250.    
Moisture Threshold       38 = 0.33 0.13  
Vapor Pressure Deficit   38 = 4000 4000  
Rpc                      38 = .108 .108 
Number of Root Zones     38 = 3   
Root Zone Depths         38 = 0.10 0.30 0.70  
Overstory Root Fraction  38 = 0.31 0.36 0.23             
Understory Root Fraction 38 = 0.60 0.40 0.00  
Overstory Monthly LAI    38 = 11.17 11.68 12.79 14.13 16.54 19.30 19.58 18.58 16.70 13.89 
11.99 11.20 
Understory Monthly LAI   38 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    38 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   38 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 39 ################################################## 
 
Vegetation Description   39 = FM3M   
Overstory Present        39 = TRUE   
Understory Present       39 = TRUE     
Fractional Coverage      39 = 0.4     
Trunk Space              39 = 0.3        
Aerodynamic Attenuation  39 = 3.5        
Radiation Attenuation    39 = 0.5        
Hemi Fract Coverage      39 = 
Clumping Factor          39 = 
Leaf Angle A             39 = 
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Leaf Angle B             39 = 
Scattering Parameter     39 = 
Max Snow Int Capacity    39 = 0.04  
Mass Release Drip Ratio  39 = 0.4 
Snow Interception Eff    39 = 0.6 
Impervious Fraction      39 = 0.0 
Height                   39 = 30.3 0.5 
Maximum Resistance       39 = 1000. 5000.   
Minimum Resistance       39 = 333.3 250.    
Moisture Threshold       39 = 0.33 0.13  
Vapor Pressure Deficit   39 = 4000 4000  
Rpc                      39 = .108 .108 
Number of Root Zones     39 = 3   
Root Zone Depths         39 = 0.10 0.30 0.70  
Overstory Root Fraction  39 = 0.31 0.36 0.23             
Understory Root Fraction 39 = 0.60 0.40 0.00  
Overstory Monthly LAI    39 = 11.17 11.68 12.79 14.13 16.54 19.30 19.58 18.58 16.70 13.89 
11.99 11.20 
Understory Monthly LAI   39 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    39 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   39 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 40 ################################################## 
 
Vegetation Description   40 = FM4H   
Overstory Present        40 = TRUE   
Understory Present       40 = TRUE     
Fractional Coverage      40 = 0.9     
Trunk Space              40 = 0.3        
Aerodynamic Attenuation  40 = 3.5        
Radiation Attenuation    40 = 0.5        
Hemi Fract Coverage      40 = 
Clumping Factor          40 = 
Leaf Angle A             40 = 
Leaf Angle B             40 = 
Scattering Parameter     40 = 
Max Snow Int Capacity    40 = 0.04  
Mass Release Drip Ratio  40 = 0.4 
Snow Interception Eff    40 = 0.6 
Impervious Fraction      40 = 0.0 
Height                   40 = 34.7 0.5 
Maximum Resistance       40 = 1000. 5000.   
Minimum Resistance       40 = 333.3 250.    
Moisture Threshold       40 = 0.33 0.13  
Vapor Pressure Deficit   40 = 4000 4000  
Rpc                      40 = .108 .108 
Number of Root Zones     40 = 3   
Root Zone Depths         40 = 0.10 0.30 0.70  
Overstory Root Fraction  40 = 0.31 0.36 0.23             
Understory Root Fraction 40 = 0.60 0.40 0.00  
Overstory Monthly LAI    40 = 12.76 13.34 14.61 16.14 18.89 22.04 22.36 21.23 19.07 15.87 
13.69 12.79 
Understory Monthly LAI   40 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    40 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   40 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 41 ################################################## 
 
Vegetation Description   41 = FM4L   
Overstory Present        41 = TRUE   
Understory Present       41 = TRUE     
Fractional Coverage      41 = 0.2     
Trunk Space              41 = 0.3        
Aerodynamic Attenuation  41 = 3.5        
Radiation Attenuation    41 = 0.5        
Hemi Fract Coverage      41 = 
Clumping Factor          41 = 
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Leaf Angle A             41 = 
Leaf Angle B             41 = 
Scattering Parameter     41 = 
Max Snow Int Capacity    41 = 0.04  
Mass Release Drip Ratio  41 = 0.4 
Snow Interception Eff    41 = 0.6 
Impervious Fraction      41 = 0.0 
Height                   41 = 34.7 0.5 
Maximum Resistance       41 = 1000. 5000.   
Minimum Resistance       41 = 333.3 250.    
Moisture Threshold       41 = 0.33 0.13  
Vapor Pressure Deficit   41 = 4000 4000  
Rpc                      41 = .108 .108 
Number of Root Zones     41 = 3   
Root Zone Depths         41 = 0.10 0.30 0.70  
Overstory Root Fraction  41 = 0.31 0.36 0.23             
Understory Root Fraction 41 = 0.60 0.40 0.00  
Overstory Monthly LAI    41 = 12.76 13.34 14.61 16.14 18.89 22.04 22.36 21.23 19.07 15.87 
13.69 12.79 
Understory Monthly LAI   41 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    41 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   41 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 42 ################################################## 
 
Vegetation Description   42 = FM4M   
Overstory Present        42 = TRUE   
Understory Present       42 = TRUE     
Fractional Coverage      42 = 0.4     
Trunk Space              42 = 0.3        
Aerodynamic Attenuation  42 = 3.5        
Radiation Attenuation    42 = 0.5        
Hemi Fract Coverage      42 = 
Clumping Factor          42 = 
Leaf Angle A             42 = 
Leaf Angle B             42 = 
Scattering Parameter     42 = 
Max Snow Int Capacity    42 = 0.04  
Mass Release Drip Ratio  42 = 0.4 
Snow Interception Eff    42 = 0.6 
Impervious Fraction      42 = 0.0 
Height                   42 = 34.7 0.5 
Maximum Resistance       42 = 1000. 5000.   
Minimum Resistance       42 = 333.3 250.    
Moisture Threshold       42 = 0.33 0.13  
Vapor Pressure Deficit   42 = 4000 4000  
Rpc                      42 = .108 .108 
Number of Root Zones     42 = 3   
Root Zone Depths         42 = 0.10 0.30 0.70  
Overstory Root Fraction  42 = 0.31 0.36 0.23             
Understory Root Fraction 42 = 0.60 0.40 0.00  
Overstory Monthly LAI    42 = 12.76 13.34 14.61 16.14 18.89 22.04 22.36 21.23 19.07 15.87 
13.69 12.79 
Understory Monthly LAI   42 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    42 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   42 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 43 ################################################## 
 
Vegetation Description   43 = FM5H   
Overstory Present        43 = TRUE   
Understory Present       43 = TRUE     
Fractional Coverage      43 = 0.9     
Trunk Space              43 = 0.3        
Aerodynamic Attenuation  43 = 3.5        
Radiation Attenuation    43 = 0.5        
Hemi Fract Coverage      43 = 
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Clumping Factor          43 = 
Leaf Angle A             43 = 
Leaf Angle B             43 = 
Scattering Parameter     43 = 
Max Snow Int Capacity    43 = 0.04  
Mass Release Drip Ratio  43 = 0.4 
Snow Interception Eff    43 = 0.6 
Impervious Fraction      43 = 0.0 
Height                   43 = 38.2 0.5 
Maximum Resistance       43 = 1000. 5000.   
Minimum Resistance       43 = 333.3 250.    
Moisture Threshold       43 = 0.33 0.13  
Vapor Pressure Deficit   43 = 4000 4000  
Rpc                      43 = .108 .108 
Number of Root Zones     43 = 3   
Root Zone Depths         43 = 0.10 0.30 0.70  
Overstory Root Fraction  43 = 0.31 0.36 0.23             
Understory Root Fraction 43 = 0.60 0.40 0.00  
Overstory Monthly LAI    43 = 14.00 14.64 16.03 17.71 20.72 24.19 24.53 23.29 20.92 17.41 
15.02 14.03 
Understory Monthly LAI   43 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    43 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   43 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 44 ################################################## 
 
Vegetation Description   44 = FM5L   
Overstory Present        44 = TRUE   
Understory Present       44 = TRUE     
Fractional Coverage      44 = 0.2     
Trunk Space              44 = 0.3        
Aerodynamic Attenuation  44 = 3.5        
Radiation Attenuation    44 = 0.5        
Hemi Fract Coverage      44 = 
Clumping Factor          44 = 
Leaf Angle A             44 = 
Leaf Angle B             44 = 
Scattering Parameter     44 = 
Max Snow Int Capacity    44 = 0.04  
Mass Release Drip Ratio  44 = 0.4 
Snow Interception Eff    44 = 0.6 
Impervious Fraction      44 = 0.0 
Height                   44 = 38.2 0.5 
Maximum Resistance       44 = 1000. 5000.   
Minimum Resistance       44 = 333.3 250.    
Moisture Threshold       44 = 0.33 0.13  
Vapor Pressure Deficit   44 = 4000 4000  
Rpc                      44 = .108 .108 
Number of Root Zones     44 = 3   
Root Zone Depths         44 = 0.10 0.30 0.70  
Overstory Root Fraction  44 = 0.31 0.36 0.23             
Understory Root Fraction 44 = 0.60 0.40 0.00  
Overstory Monthly LAI    44 = 14.00 14.64 16.03 17.71 20.72 24.19 24.53 23.29 20.92 17.41 
15.02 14.03 
Understory Monthly LAI   44 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    44 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   44 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 45 ################################################## 
 
Vegetation Description   45 = FM5M   
Overstory Present        45 = TRUE   
Understory Present       45 = TRUE     
Fractional Coverage      45 = 0.4     
Trunk Space              45 = 0.3        
Aerodynamic Attenuation  45 = 3.5        
Radiation Attenuation    45 = 0.5        
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Hemi Fract Coverage      45 = 
Clumping Factor          45 = 
Leaf Angle A             45 = 
Leaf Angle B             45 = 
Scattering Parameter     45 = 
Max Snow Int Capacity    45 = 0.04  
Mass Release Drip Ratio  45 = 0.4 
Snow Interception Eff    45 = 0.6 
Impervious Fraction      45 = 0.0 
Height                   45 = 38.2 0.5 
Maximum Resistance       45 = 1000. 5000.   
Minimum Resistance       45 = 333.3 250.    
Moisture Threshold       45 = 0.33 0.13  
Vapor Pressure Deficit   45 = 4000 4000  
Rpc                      45 = .108 .108 
Number of Root Zones     45 = 3   
Root Zone Depths         45 = 0.10 0.30 0.70  
Overstory Root Fraction  45 = 0.31 0.36 0.23             
Understory Root Fraction 45 = 0.60 0.40 0.00  
Overstory Monthly LAI    45 = 14.00 14.64 16.03 17.71 20.72 24.19 24.53 23.29 20.92 17.41 
15.02 14.03 
Understory Monthly LAI   45 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    45 = 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 0.2071 
0.2071 0.2071 0.2071 0.2071 
Understory Monthly Alb   45 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 46 ################################################## 
 
Vegetation Description   46 = NF   
Overstory Present        46 = TRUE 
Understory Present       46 = TRUE     
Fractional Coverage      46 = 0.001     
Trunk Space              46 = 0.5        
Aerodynamic Attenuation  46 = 3.5        
Radiation Attenuation    46 = 0.5        
Hemi Fract Coverage      46 = 
Clumping Factor          46 = 
Leaf Angle A             46 = 
Leaf Angle B             46 = 
Scattering Parameter     46 = 
Max Snow Int Capacity    46 = 0.04  
Mass Release Drip Ratio  46 = 0.4 
Snow Interception Eff    46 = 0.6 
Impervious Fraction      46 = 0.0 
Height                   46 = 10 0.5 
Maximum Resistance       46 = 1000. 5000.   
Minimum Resistance       46 = 333.3 250.    
Moisture Threshold       46 = 0.33 0.13  
Vapor Pressure Deficit   46 = 4000 4000  
Rpc                      46 = .108 .108 
Number of Root Zones     46 = 3   
Root Zone Depths         46 = 0.10 0.30 0.70  
Overstory Root Fraction  46 = 0.31 0.36 0.23             
Understory Root Fraction 46 = 0.60 0.40 0.00  
Overstory Monthly LAI    46 = 0.45 0.50 0.55 0.61 0.92 1.75 2.26 2.06 1.13 0.70 0.56 0.50 
Understory Monthly LAI   46 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    46 = 0.2235 0.2235 0.2235 0.2235 0.2235 0.2235 0.2235 0.2235 
0.2235 0.2235 0.2235 0.2235 
Understory Monthly Alb   46 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 47 ################################################## 
 
Vegetation Description   47 = NFT   
Overstory Present        47 = TRUE 
Understory Present       47 = TRUE     
Fractional Coverage      47 = 0.05     
Trunk Space              47 = 0.5        
Aerodynamic Attenuation  47 = 3.5        
Radiation Attenuation    47 = 0.5        
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Hemi Fract Coverage      47 = 
Clumping Factor          47 = 
Leaf Angle A             47 = 
Leaf Angle B             47 = 
Scattering Parameter     47 = 
Max Snow Int Capacity    47 = 0.04  
Mass Release Drip Ratio  47 = 0.4 
Snow Interception Eff    47 = 0.6 
Impervious Fraction      47 = 0.0 
Height                   47 = 24.5 0.5 
Maximum Resistance       47 = 1000. 5000.   
Minimum Resistance       47 = 333.3 250.    
Moisture Threshold       47 = 0.33 0.13  
Vapor Pressure Deficit   47 = 4000 4000  
Rpc                      47 = .108 .108 
Number of Root Zones     47 = 3   
Root Zone Depths         47 = 0.10 0.30 0.70  
Overstory Root Fraction  47 = 0.31 0.36 0.23             
Understory Root Fraction 47 = 0.60 0.40 0.00  
Overstory Monthly LAI    47 = 5.52 6.13 6.73 7.45 11.26 21.31 27.56 25.07 13.81 8.54 6.84 
6.08 
Understory Monthly LAI   47 = 0.363 0.462 0.600 0.600 0.600 0.600 1.125 1.075 0.638 0.363 
0.363 0.363 
Overstory Monthly Alb    47 = 0.2235 0.2235 0.2235 0.2235 0.2235 0.2235 0.2235 0.2235 
0.2235 0.2235 0.2235 0.2235 
Understory Monthly Alb   47 = 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 
################ VEGETATION 48 ################################################## 
 
Vegetation Description   48 = POSTFIRE 
Overstory Present        48 = TRUE 
Understory Present       48 = FALSE 
Fractional Coverage      48 = 0.05     
Trunk Space              48 = 0.5        
Aerodynamic Attenuation  48 = 3.5        
Radiation Attenuation    48 = 0.5        
Hemi Fract Coverage      48 = 
Clumping Factor          48 = 
Leaf Angle A             48 = 
Leaf Angle B             48 = 
Scattering Parameter     48 = 
Max Snow Int Capacity    48 = 0.04  
Mass Release Drip Ratio  48 = 0.4 
Snow Interception Eff    48 = 0.6 
Impervious Fraction      48 = 0.0 
Height                   48 = 24.5 
Maximum Resistance       48 = 1000.   
Minimum Resistance       48 = 333.3    
Moisture Threshold       48 = 0.33  
Vapor Pressure Deficit   48 = 4000  
Rpc                      48 = .108 
Number of Root Zones     48 = 3   
Root Zone Depths         48 = 0.10 0.30 0.70  
Overstory Root Fraction  48 = 0.31 0.36 0.23             
Understory Root Fraction 48 = 0.60 0.40 0.00  
Overstory Monthly LAI    48 = 5.52 6.13 6.73 7.45 11.26 21.31 27.56 25.07 13.81 8.54 6.84 
6.08 
Understory Monthly LAI   48 = 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
0.001 0.001 0.001 
Overstory Monthly Alb    48 = 0.2235 0.2235 0.2235 0.2235 0.2235 0.2235 0.2235 0.2235 
0.2235 0.2235 0.2235 0.2235 
Understory Monthly Alb   48 = 0.159 0.159 0.159 0.159 0.159 0.159 0.159 0.159 0.159 0.159 
0.159 0.159 
 
################################################################################ 
# MODEL OUTPUT SECTION 
 
################################################################################ 
[OUTPUT]                                  # Information what to output when 
Output Directory           = /home/public/wilson001/output_post_fire_no_rds/ 
Initial State Directory    = /home/public/wilson001/modelstate/ 
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################ PIXEL DUMPS ################################################### 
 
Number of Output Pixels    =  
 
# For each pixel make a key-entry pair as indicated below, varying the  
# number for the output pixel  (1, .. , Number of Output Pixel) 
 
North Coordinate         1 =  
East Coordinate          1 =  
Name                     1 =  
 
################ MODEL STATE ###################################################        
         
Number of Model States     =  0          # Number of model states to dump 
 
# For each model state make a key-entry pair as indicated below, varying the  
# number for the model state dump (1, .. , Number of Model States) 
 
State Date               1 =  10/01/2004-03    # Time for model state dump 
 
################ MODEL MAPS #################################################### 
 
Number of Map Variables    = 0            # Number of different variables for 
                                          # which you want to output maps 
 
# For each of the variables make a block like the one that follows, varying 
# the number of the variable (n = 1, .. , Number of Map Variables) 
 
Map Variable             1 = 404          # ID of the variable to output 
Map Layer                1 = 1            # If the variable exists for a number 
                                          # of layers, specify the layers here 
                                          # with the top layer = 1 
Number of Maps           1 = 1            # Number of maps you would like to  
                                          # output for this variable 
Map Date 1               1 =              # Vary the first number from  
                                          # 1 to number of maps 
 
 
Map Variable             2 = 406          # ID of the variable to output 
Map Layer                2 = 1            # If the variable exists for a number 
                                          # of layers, specify the layers here 
                                          # with the top layer = 1 
Number of Maps           2 = 1            # Number of maps you would like to  
                                          # output for this variable 
Map Date 1               2 =              # Vary the first number from  
                                          # 1 to number of maps 
 
 
Map Variable             3 = 501          # ID of the variable to output 
Map Layer                3 = 1            # If the variable exists for a number 
                                          # of layers, specify the layers here 
                                          # with the top layer = 1 
Number of Maps           3 = 1            # Number of maps you would like to  
                                          # output for this variable 
Map Date 1               3 =              # Vary the first number from  
                                          # 1 to number of maps 
 
 
Map Variable             4 = 503          # ID of the variable to output 
Map Layer                4 = 1            # If the variable exists for a number 
                                          # of layers, specify the layers here 
                                          # with the top layer = 1 
Number of Maps           4 = 1            # Number of maps you would like to  
                                          # output for this variable 
Map Date 1               4 =              # Vary the first number from  
                                          # 1 to number of maps 
 
################ MODEL IMAGES ################################################## 
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Number of Image Variables  =              # Number of variables for which you  
                                          # would like to output images 
 
# For each of the variables make a block like the one that follows, varying 
# the number of the variable (n = 1, .. , Number of Image Variables) 
 
Image Variable        1 =                 # ID of the variable to output 
Image Layer           1 =                 # If the variable exists for a number 
                                          # of layers, specify the layers here 
                                          # with the top layer = 1 
Image Start           1 =                 # First timestep for which to output 
                                          # an image 
Image End             1 =                 # Last timestep for which to output 
                                          # an image 
Image Interval        1 =                 # Time interval between images (hours) 
Image Upper Limit     1 =                 # All values in the output equal to or 
                                          # greater than this limit will be set  
                                          # to 255 
Image Lower Limit     1 =                 # All values in the output equal to or 
                                          # smaller than this limit will be set  
                                          # to 0 
################ GRAPHIC IMAGES ################################################## 
 
Number of Graphics      =                 # Number of variables for which you  
                                          # would like to output images 
Graphics ID           1 =                 # ID of the variable to output 
 
################################################################################ 
# END OF INPUT FILE 
################################################################################ 
[End]                                     # This is probably not needed, but  
                                          # just in case (to close the previous 
                                          # section) 
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21 Appendix I – DHSVM Peak Flow Output 
Refer to Figure 7 for model location. 

USGS Gage 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/3/2004 15 6,035 6,050 6,061 5,970 0.2% 0.4% -1.1%

12/12/2004 7 14,257 14,303 14,309 14,345 0.3% 0.4% 0.6%
1/19/2005 4 20,982 20,980 20,988 20,587 0.0% 0.0% -1.9%
3/28/2005 2 24,310 24,376 24,376 24,352 0.3% 0.3% 0.2%
4/17/2005 14 7,215 7,228 7,239 7,091 0.2% 0.3% -1.7%
11/2/2005 9 11,297 11,434 11,443 12,041 1.2% 1.3% 6.6%

12/23/2005 10 11,311 11,326 11,335 11,013 0.1% 0.2% -2.6%
1/11/2006 3 22,813 22,838 22,837 22,392 0.1% 0.1% -1.8%
1/31/2006 6 14,631 14,573 14,580 13,049 -0.4% -0.4% -10.8%
11/8/2006 1 46,743 46,832 46,809 47,175 0.2% 0.1% 0.9%

12/16/2006 5 15,734 15,742 15,746 15,348 0.0% 0.1% -2.5%
1/4/2007 8 12,356 12,355 12,364 12,090 0.0% 0.1% -2.1%

2/17/2007 12 8,849 8,870 8,881 8,514 0.2% 0.4% -3.8%
3/12/2007 11 10,167 10,173 10,181 10,194 0.1% 0.1% 0.3%
3/26/2007 13 7,394 7,429 7,439 7,860 0.5% 0.6% 6.3%

         
Devils Lake Fork 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 4,039 4,042 4,041 4,021 0.1% 0.0% -0.5%

12/11/2004 8 7,606 7,619 7,616 7,831 0.2% 0.1% 3.0%
1/18/2005 3 13,940 13,936 13,926 13,716 0.0% -0.1% -1.6%
3/27/2005 2 15,418 15,423 15,412 15,380 0.0% 0.0% -0.2%
4/16/2005 13 5,144 5,143 5,141 4,992 0.0% -0.1% -2.9%

10/31/2005 7 8,456 8,518 8,512 8,713 0.7% 0.7% 3.0%
12/22/2005 12 6,211 6,214 6,212 6,041 0.1% 0.0% -2.7%

1/10/2006 4 12,810 12,839 12,830 12,680 0.2% 0.2% -1.0%
1/30/2006 6 10,238 10,233 10,228 9,061 0.0% -0.1% -11.5%
11/6/2006 1 26,712 26,717 26,694 26,569 0.0% -0.1% -0.5%

12/14/2006 5 11,191 11,199 11,192 10,892 0.1% 0.0% -2.7%
1/3/2007 9 7,499 7,497 7,493 7,323 0.0% -0.1% -2.3%

2/15/2007 11 6,224 6,233 6,230 6,109 0.1% 0.1% -1.9%
3/11/2007 10 6,398 6,390 6,387 6,145 -0.1% -0.2% -4.0%
3/25/2007 14 4,953 4,965 4,963 5,179 0.2% 0.2% 4.6%
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South Fork Wilson 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 1,473 1,474 1,473 1,465 0.0% 0.0% -0.6%

12/10/2004 8 2,803 2,812 2,810 2,728 0.3% 0.2% -2.7%
1/18/2005 3 5,054 5,054 5,048 4,969 0.0% -0.1% -1.7%
3/27/2005 2 5,337 5,339 5,332 5,317 0.0% -0.1% -0.4%
4/16/2005 13 1,923 1,923 1,921 1,869 0.0% -0.1% -2.8%

10/31/2005 7 3,185 3,207 3,203 3,286 0.7% 0.5% 3.2%
12/22/2005 12 2,122 2,124 2,123 2,070 0.1% 0.0% -2.5%

1/10/2006 4 4,463 4,474 4,469 4,399 0.2% 0.1% -1.4%
1/30/2006 6 3,795 3,800 3,798 3,238 0.1% 0.1% -14.7%
11/6/2006 1 9,311 9,317 9,303 9,253 0.1% -0.1% -0.6%

12/14/2006 5 4,278 4,279 4,274 4,129 0.0% -0.1% -3.5%
1/3/2007 9 2,702 2,702 2,700 2,636 0.0% -0.1% -2.4%

2/15/2007 11 2,248 2,251 2,250 2,201 0.2% 0.1% -2.1%
3/11/2007 10 2,360 2,359 2,357 2,249 0.0% -0.1% -4.7%
3/25/2007 14 1,816 1,818 1,816 1,893 0.1% 0.0% 4.2%

         
North Fork Wilson 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 2,134 2,136 2,138 2,119 0.1% 0.2% -0.7%

12/10/2004 9 3,977 3,982 3,984 3,872 0.1% 0.2% -2.6%
1/18/2005 3 7,369 7,364 7,369 7,270 -0.1% 0.0% -1.3%
3/27/2005 2 7,964 7,975 7,975 7,953 0.1% 0.1% -0.1%
4/16/2005 13 2,699 2,700 2,702 2,619 0.0% 0.1% -2.9%

10/31/2005 7 4,465 4,500 4,501 4,625 0.8% 0.8% 3.6%
12/22/2005 11 3,178 3,179 3,180 3,137 0.1% 0.1% -1.3%

1/10/2006 4 6,708 6,713 6,713 6,613 0.1% 0.1% -1.4%
1/30/2006 6 5,214 5,188 5,189 4,680 -0.5% -0.5% -10.3%
11/7/2006 1 14,238 14,251 14,245 14,249 0.1% 0.0% 0.1%

12/15/2006 5 5,880 5,876 5,877 5,739 -0.1% -0.1% -2.4%
1/3/2007 8 4,038 4,035 4,036 3,973 -0.1% 0.0% -1.6%

2/15/2007 12 3,172 3,175 3,178 3,092 0.1% 0.2% -2.5%
3/11/2007 10 3,383 3,379 3,381 3,287 -0.1% -0.1% -2.8%
3/25/2007 14 2,672 2,676 2,677 2,729 0.1% 0.2% 2.1%
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Upper Wilson/Cedar Creek 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 6,137 6,148 6,153 6,096 0.2% 0.3% -0.7%

12/11/2004 7 12,200 12,229 12,230 12,449 0.2% 0.2% 2.0%
1/18/2005 3 21,442 21,442 21,439 21,118 0.0% 0.0% -1.5%
3/27/2005 2 23,747 23,779 23,770 23,735 0.1% 0.1% -0.1%
4/16/2005 14 7,493 7,498 7,502 7,260 0.1% 0.1% -3.1%

10/31/2005 9 11,703 11,825 11,828 12,304 1.0% 1.1% 5.1%
12/23/2005 10 9,898 9,909 9,912 9,680 0.1% 0.1% -2.2%

1/10/2006 4 20,107 20,138 20,134 19,713 0.2% 0.1% -2.0%
1/30/2006 6 15,188 15,142 15,142 13,540 -0.3% -0.3% -10.8%
11/7/2006 1 42,719 42,774 42,748 42,905 0.1% 0.1% 0.4%

12/15/2006 5 16,253 16,260 16,257 15,855 0.0% 0.0% -2.4%
1/3/2007 8 12,076 12,072 12,073 11,813 0.0% 0.0% -2.2%

2/16/2007 12 9,080 9,095 9,099 8,839 0.2% 0.2% -2.7%
3/11/2007 11 9,521 9,516 9,519 9,276 -0.1% 0.0% -2.6%
3/25/2007 13 7,641 7,659 7,663 7,870 0.2% 0.3% 3.0%

         
Jordan Creek 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 1,591 1,596 1,598 1,582 0.3% 0.5% -0.6%

12/10/2004 9 2,936 2,953 2,954 2,919 0.6% 0.6% -0.6%
1/18/2005 3 5,533 5,532 5,533 5,484 0.0% 0.0% -0.9%
3/27/2005 2 5,952 5,967 5,966 5,953 0.3% 0.2% 0.0%
4/16/2005 14 1,992 1,997 1,999 1,936 0.2% 0.3% -2.8%

10/31/2005 7 3,151 3,193 3,195 3,391 1.3% 1.4% 7.6%
12/22/2005 12 2,389 2,392 2,393 2,363 0.1% 0.2% -1.1%

1/10/2006 4 4,976 4,985 4,985 4,938 0.2% 0.2% -0.8%
1/30/2006 6 4,014 3,994 3,997 3,556 -0.5% -0.4% -11.4%
11/7/2006 1 10,555 10,579 10,576 10,655 0.2% 0.2% 1.0%

12/15/2006 5 4,392 4,393 4,395 4,323 0.0% 0.1% -1.6%
1/3/2007 8 3,064 3,061 3,063 3,019 -0.1% -0.1% -1.5%

2/16/2007 11 2,399 2,405 2,407 2,366 0.3% 0.3% -1.4%
3/11/2007 10 2,520 2,516 2,518 2,456 -0.1% -0.1% -2.5%
3/25/2007 13 2,021 2,027 2,028 2,092 0.3% 0.3% 3.5%
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Middle Wilson 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/3/2004 15 6,402 6,418 6,428 6,330 0.2% 0.4% -1.1%

12/11/2004 7 14,621 14,669 14,674 14,760 0.3% 0.4% 0.9%
1/19/2005 4 22,401 22,400 22,404 22,030 0.0% 0.0% -1.7%
3/28/2005 2 25,672 25,742 25,740 25,713 0.3% 0.3% 0.2%
4/17/2005 14 7,678 7,692 7,702 7,526 0.2% 0.3% -2.0%
11/1/2005 9 12,030 12,160 12,166 12,720 1.1% 1.1% 5.7%

12/23/2005 10 11,476 11,490 11,497 11,173 0.1% 0.2% -2.6%
1/11/2006 3 23,444 23,470 23,468 22,997 0.1% 0.1% -1.9%
1/31/2006 6 15,580 15,514 15,519 13,881 -0.4% -0.4% -10.9%
11/7/2006 1 48,708 48,800 48,774 49,146 0.2% 0.1% 0.9%

12/15/2006 5 16,689 16,698 16,700 16,275 0.1% 0.1% -2.5%
1/4/2007 8 13,024 13,022 13,030 12,743 0.0% 0.1% -2.2%

2/16/2007 12 9,429 9,448 9,457 9,105 0.2% 0.3% -3.4%
3/12/2007 11 10,640 10,644 10,651 10,602 0.0% 0.1% -0.4%
3/25/2007 13 7,918 7,952 7,961 8,371 0.4% 0.5% 5.7%

         
Little NF Wilson 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/3/2004 15 413 420 421 432 1.7% 2.1% 4.6%

12/11/2004 7 961 966 966 1,021 0.5% 0.5% 6.2%
1/18/2005 3 1,560 1,566 1,565 1,622 0.4% 0.3% 4.0%
3/27/2005 2 1,738 1,761 1,761 1,801 1.3% 1.3% 3.6%
4/17/2005 14 514 516 517 513 0.3% 0.6% -0.3%
11/1/2005 12 564 596 598 791 5.6% 6.0% 40.3%

12/23/2005 9 734 740 742 771 0.8% 1.0% 5.0%
1/10/2006 4 1,541 1,545 1,544 1,601 0.3% 0.2% 3.9%
1/30/2006 6 1,199 1,200 1,200 1,168 0.1% 0.1% -2.7%
11/7/2006 1 3,020 3,051 3,045 3,338 1.0% 0.8% 10.5%

12/15/2006 5 1,198 1,200 1,201 1,240 0.2% 0.3% 3.5%
1/3/2007 8 920 922 923 937 0.2% 0.3% 1.8%

2/16/2007 11 629 636 638 664 1.2% 1.5% 5.6%
3/12/2007 10 665 665 666 702 0.1% 0.2% 5.6%
3/25/2007 13 553 556 558 565 0.6% 1.0% 2.2%
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Lower Wilson Below Little NF 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/4/2004 15 5,916 5,932 5,945 5,849 0.3% 0.5% -1.1%

12/12/2004 7 14,397 14,442 14,449 14,469 0.3% 0.4% 0.5%
1/19/2005 4 20,564 20,565 20,574 20,229 0.0% 0.0% -1.6%
3/28/2005 2 24,059 24,134 24,136 24,119 0.3% 0.3% 0.3%
4/18/2005 14 7,107 7,120 7,134 6,955 0.2% 0.4% -2.1%
11/2/2005 10 11,273 11,412 11,422 12,039 1.2% 1.3% 6.8%

12/24/2005 9 11,544 11,562 11,572 11,214 0.2% 0.2% -2.9%
1/12/2006 3 23,113 23,139 23,138 22,740 0.1% 0.1% -1.6%
2/1/2006 6 14,603 14,551 14,559 13,071 -0.4% -0.3% -10.5%

11/8/2006 1 46,714 46,815 46,792 47,276 0.2% 0.2% 1.2%
12/16/2006 5 15,578 15,585 15,590 15,202 0.1% 0.1% -2.4%

1/4/2007 8 12,205 12,205 12,216 11,942 0.0% 0.1% -2.2%
2/17/2007 12 8,688 8,707 8,720 8,368 0.2% 0.4% -3.7%
3/13/2007 11 10,253 10,258 10,268 10,279 0.0% 0.1% 0.2%
3/26/2007 13 7,276 7,312 7,324 7,797 0.5% 0.7% 7.2%

         
Small Shed 01 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 18 18 18 18 -0.1% 0.0% 0.7%

12/10/2004 8 32 32 32 34 0.3% 0.4% 5.7%
1/17/2005 3 58 58 58 57 0.1% 0.1% -1.5%
3/27/2005 2 60 60 60 60 0.0% 0.0% 0.1%
4/16/2005 12 27 27 27 26 0.1% 0.2% -0.6%

10/31/2005 6 45 45 45 45 0.0% 0.1% 0.1%
12/25/2005 11 26 27 27 27 0.6% 0.7% 3.2%

1/10/2006 5 48 49 49 50 0.1% 0.2% 2.4%
1/30/2006 7 44 44 44 40 1.3% 1.3% -8.7%
11/6/2006 1 100 100 100 100 0.0% 0.0% 0.0%

12/14/2006 4 49 49 50 50 0.9% 0.9% 1.8%
1/2/2007 9 28 28 28 28 0.1% 0.2% -1.0%

2/20/2007 13 25 25 26 25 0.1% 0.2% -3.2%
3/11/2007 10 27 27 27 26 0.2% 0.3% -2.8%
3/24/2007 14 21 21 21 21 0.1% 0.2% 0.4%
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Small Shed 02 

Magnitude of peak flow (cfs) by model scenario
%change in modeled peak flows 

compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 14 91 91 91 89 0.0% 0.0% -1.7%

12/10/2004 8 162 162 162 153 0.0% 0.0% -5.5%
1/17/2005 3 258 258 258 256 0.0% 0.0% -0.7%
3/27/2005 2 284 284 284 281 0.0% 0.0% -1.1%
4/16/2005 10 129 129 129 123 0.0% 0.0% -4.5%

10/31/2005 5 218 218 218 216 0.0% 0.0% -1.3%
12/25/2005 9 132 132 132 130 0.0% 0.0% -1.1%

1/10/2006 4 230 230 230 223 0.0% 0.0% -3.0%
1/30/2006 7 184 184 184 168 0.0% 0.0% -8.6%
11/6/2006 1 491 491 491 486 0.0% 0.0% -0.9%

12/14/2006 6 216 216 216 202 0.0% 0.0% -6.8%
1/2/2007 11 128 128 128 125 0.0% 0.0% -1.7%

2/15/2007 13 104 104 104 97 0.0% 0.0% -6.6%
3/11/2007 12 123 123 123 112 0.0% 0.0% -9.0%
3/24/2007 15 85 85 85 86 0.0% 0.0% 0.9%

         
Small Shed 03 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 11 11 11 11 0.0% 0.1% 0.0%

12/10/2004 8 19 19 19 22 0.1% 0.1% 11.3%
1/17/2005 3 36 36 36 36 0.2% 0.2% 1.0%
3/27/2005 2 37 37 37 37 0.0% 0.0% 0.0%
4/16/2005 12 16 16 16 16 0.1% 0.1% 0.4%

10/31/2005 7 25 26 26 28 2.2% 2.2% 10.2%
12/25/2005 13 15 15 15 17 0.4% 0.5% 11.2%

1/10/2006 5 29 29 29 31 0.0% 0.0% 7.1%
1/30/2006 6 28 28 28 26 0.7% 0.8% -6.8%
11/6/2006 1 62 62 62 63 0.4% 0.4% 1.6%

12/14/2006 4 29 29 29 32 0.2% 0.2% 7.4%
1/6/2007 9 17 17 17 13 -0.4% -0.3% -27.3%

2/20/2007 11 16 16 16 15 0.0% 0.1% -3.7%
3/11/2007 10 16 16 16 16 -0.1% 0.0% 0.5%
3/24/2007 14 12 12 12 13 0.4% 0.5% 7.5%

Duck Creek Associates, Inc     476 



Wilson River Watershed Analysis  FINAL – March 2008   
 

 
         

Small Shed 04 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 61 62 62 62 1.4% 1.2% 2.4%

12/10/2004 7 116 117 116 125 0.8% 0.4% 8.3%
1/17/2005 3 205 206 205 214 0.1% -0.4% 4.1%
3/27/2005 2 209 212 211 216 1.5% 1.2% 3.7%
4/16/2005 13 85 86 85 86 0.6% 0.0% 1.0%

10/31/2005 8 103 106 106 148 3.0% 3.2% 44.2%
12/25/2005 12 88 88 88 95 0.6% 0.1% 7.9%

1/10/2006 4 175 175 175 184 0.4% 0.2% 5.3%
1/30/2006 6 153 153 152 149 -0.4% -0.7% -3.1%
11/6/2006 1 344 349 347 378 1.5% 0.9% 9.9%

12/14/2006 5 176 176 175 184 0.0% -0.5% 4.9%
1/2/2007 9 102 101 101 104 -0.2% -0.5% 2.3%

2/20/2007 11 90 90 89 88 0.1% -0.4% -1.7%
3/11/2007 10 92 92 92 93 0.0% -0.5% 1.0%
3/24/2007 14 73 74 74 77 0.5% 0.3% 5.0%

         
Small Shed 05 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 14 32 32 32 31 -0.1% -0.1% -1.1%

12/10/2004 8 51 51 51 50 0.0% 0.0% -1.8%
1/17/2005 3 83 83 83 83 0.0% 0.0% -0.8%
3/27/2005 2 94 94 94 94 0.0% 0.0% -0.1%
4/16/2005 10 46 46 46 45 0.1% 0.1% -1.8%

10/31/2005 5 74 74 74 76 0.0% 0.0% 2.2%
12/25/2005 9 50 50 50 49 0.1% 0.1% -1.2%

1/10/2006 6 71 71 71 70 0.1% 0.2% -0.7%
1/30/2006 7 70 71 71 62 0.9% 1.0% -11.1%
11/6/2006 1 154 154 154 154 0.0% 0.0% -0.3%

12/14/2006 4 81 81 81 74 -0.1% -0.1% -8.1%
1/2/2007 11 41 41 41 40 0.0% 0.0% -2.0%

2/15/2007 13 38 37 38 36 0.0% 0.0% -2.9%
3/11/2007 12 40 40 40 39 0.0% 0.0% -2.1%
3/24/2007 15 28 28 28 29 0.1% 0.1% 1.0%
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Small Shed 06 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 21 21 21 21 0.1% 1.8% 0.7%

12/10/2004 8 38 38 38 41 0.2% 0.8% 8.6%
1/17/2005 3 71 71 71 69 -0.1% 0.2% -1.9%
3/27/2005 2 72 72 72 72 0.1% 0.7% 0.1%
4/16/2005 12 33 33 33 32 -0.7% 1.1% -2.0%

10/31/2005 7 53 53 54 53 0.0% 1.5% 0.3%
12/25/2005 10 32 33 34 33 0.7% 3.6% 0.5%

1/10/2006 5 59 59 59 60 0.3% 0.2% 2.3%
1/30/2006 6 56 57 58 50 2.2% 2.7% -11.5%
11/6/2006 1 120 120 121 120 0.0% 0.8% 0.0%

12/14/2006 4 61 61 61 61 0.1% -0.2% -0.4%
1/2/2007 9 35 35 35 34 -0.1% 0.1% -3.2%

2/20/2007 13 31 31 32 30 0.0% 1.3% -5.2%
3/11/2007 11 33 33 33 32 -0.1% 0.5% -4.6%
3/24/2007 14 25 25 25 25 0.3% 0.7% 1.1%

 
         

Small Shed 07 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 7 7 7 7 0.0% 0.0% 3.9%

12/10/2004 8 14 15 15 16 1.7% 1.7% 8.2%
1/17/2005 2 27 27 27 27 1.1% 1.1% 1.9%
3/27/2005 3 27 27 27 27 1.0% 1.0% 2.6%
4/16/2005 13 11 11 11 11 0.0% 0.0% 0.0%

10/31/2005 7 16 16 16 18 0.0% 0.0% 16.5%
12/25/2005 12 11 11 11 12 -0.3% -0.3% 6.9%

1/10/2006 4 22 23 23 24 2.6% 2.6% 8.1%
1/30/2006 6 20 20 20 19 0.6% 0.6% -2.8%
11/6/2006 1 42 42 42 49 0.3% 0.3% 16.1%

12/14/2006 5 22 22 22 23 0.5% 0.5% 5.3%
1/2/2007 9 13 13 13 13 0.1% 0.1% 2.4%

2/20/2007 11 12 12 12 12 -0.2% -0.2% -2.9%
3/11/2007 10 12 12 12 12 -0.3% -0.3% -1.0%
3/24/2007 14 9 10 10 10 0.7% 0.7% 5.8%
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Small Shed 08 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 33 33 33 33 0.1% 0.1% 1.5%

12/10/2004 8 58 58 58 63 0.2% 0.2% 7.6%
1/17/2005 3 105 105 105 103 -0.1% -0.1% -1.9%
3/27/2005 2 109 109 109 110 0.1% 0.1% 0.7%
4/16/2005 11 52 52 52 51 -0.1% -0.1% -1.2%

10/31/2005 7 82 82 82 82 0.0% 0.0% 0.2%
12/25/2005 9 52 53 53 53 0.2% 0.2% 0.0%

1/10/2006 5 88 88 88 89 0.0% 0.0% 1.5%
1/30/2006 6 86 88 88 77 2.2% 2.2% -10.0%
11/6/2006 1 183 183 183 183 0.0% 0.0% 0.0%

12/14/2006 4 89 89 89 88 -0.1% -0.1% -1.4%
1/2/2007 10 52 52 52 50 0.1% 0.1% -4.2%

2/20/2007 13 48 48 48 46 -0.2% -0.2% -5.0%
3/11/2007 12 50 50 50 47 -0.1% -0.1% -4.6%
3/24/2007 14 38 38 38 38 0.4% 0.4% 0.3%

         
Small Shed 09 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 21 21 21 21 0.0% 0.2% 0.1%

12/10/2004 8 40 40 40 42 0.1% 0.2% 5.4%
1/17/2005 3 70 70 70 71 0.1% 0.1% 2.4%
3/27/2005 2 72 72 72 72 0.0% 0.0% 0.0%
4/16/2005 12 30 30 30 30 0.0% 0.1% -0.4%

10/31/2005 7 46 47 47 51 1.3% 1.4% 11.0%
12/25/2005 13 29 29 29 31 0.2% 0.3% 5.8%

1/10/2006 4 59 59 59 61 0.1% 0.1% 3.3%
1/30/2006 6 54 54 54 52 0.1% 0.1% -3.1%
11/6/2006 1 121 121 121 121 0.0% 0.0% 0.0%

12/14/2006 5 59 59 59 61 0.0% 0.1% 3.6%
1/2/2007 9 33 33 33 34 0.0% 0.1% 1.5%

2/15/2007 10 31 31 31 32 0.0% 0.1% 5.1%
3/11/2007 11 31 31 31 31 0.0% 0.1% 0.9%
3/24/2007 14 25 25 25 26 0.0% 0.1% 4.2%
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Small Shed 10 

Magnitude of peak flow (cfs) by model scenario
% change in modeled peak 
flows compared to potential 

Date of 
modeled 
peak flow 

Peak 
rank 

[Baseline] 
Historic 

vegetation, 
no roads 

Current 
vegetation, 
no roads 

Current 
vegetation, 

current 
roads 

Post fire 
vegetation, 
no roads 

% ∆ due 
to 

vegetation 
changes 

% ∆ due 
to 

vegetation 
& roads 

% ∆ due 
to historic 

fires 
11/2/2004 15 127 127 125 128 0.1% -1.8% 0.6%

12/10/2004 8 236 236 231 257 0.2% -1.9% 8.9%
1/17/2005 3 433 433 424 429 0.0% -2.1% -1.1%
3/27/2005 2 437 437 428 438 0.0% -2.1% 0.2%
4/16/2005 13 176 176 173 175 -0.1% -1.8% -0.6%

10/31/2005 7 299 301 299 306 0.7% -0.1% 2.3%
12/25/2005 12 185 185 181 191 0.4% -1.7% 3.2%

1/10/2006 5 364 365 358 379 0.1% -1.6% 3.9%
1/30/2006 6 339 341 335 299 0.7% -1.0% -11.7%
11/6/2006 1 769 769 754 769 0.0% -2.0% 0.0%

12/14/2006 4 369 370 364 375 0.3% -1.3% 1.6%
1/2/2007 9 215 215 211 213 0.0% -1.8% -0.8%

2/15/2007 11 189 190 186 200 0.2% -1.6% 5.8%
3/11/2007 10 201 201 197 193 -0.1% -1.9% -3.8%
3/24/2007 14 154 155 152 164 0.3% -1.6% 6.6%
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22 Appendix J – Desired Future Conditions 
Source: Elliott State Forest 2006 Habitat Conservation Plan. 
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Principles 

Watersheds, riparian, and aquatic areas change over time and space with disturbances 
such as landslides, floods, debris flows, windthrow and fire. These disturbances result in 
a wide range of conditions both longitudinally and laterally throughout a stream network. 
Such conditions defy precise definitions so we tend to retreat to oversimplified and 
singular measures or benchmarks. However, no single value can accurately characterize 
“healthy” fish habitat and watersheds. Fish are adapted to a range of conditions including 
variability generated from natural disturbance. Therefore, State and Federal partners 
agreed to define and use a range of desired future conditions (DFC) for riparian and in-
channel aquatic habitat conditions for the Elliott State Forests (ESF) plan area. These 
conditions will be used to analyze the Habitat Conservation Plan (HCP) in the 
Environmental Impact Statement (EIS) and are not considered benchmarks. 
 
In this document we propose ecologically significant metrics of riparian, aquatic and 
watershed conditions which are sensitive to management and likely to have an effect on 
aquatic biota (Table D-1). We have defined a range of conditions for these metrics that 
are likely to meet the functional goals for riparian and upland management as described 
in the Elliott Forest Management Plan (FMP) and HCP. Numerous other metrics can be 
and are in use at this time. ODF in collaboration with federal and state partners has 
selected this subset for the EIS analysis but may continue to evaluate the validity of the 
defined ranges as well as the potential for other metrics. At this time, the proposed 
metrics to be used in the EIS are: 
 
Riparian Condition: For Coniferous and Deciduous Stands: Basal Area, Stand Density, 
Quadratic Mean Diameter (QMD), Number of Large Diameter Conifers and Hardwoods, 
and Shade over Streams  
 
Aquatic Condition: Stream Temperature and Large Wood in Streams  
 
Watershed Condition: Hydrologic Connectivity to Streams, Roads Parallel To and 
Within 100 Feet of Streams, Riparian Stand Structure, and Wood Recruitment from Near-
stream and Upland sources 
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Table 1. Summary of Proposed Metrics, Data Sources, and Proposed 
Ranges of Conditions for Riparian and Aquatic Resources. 
Resource Selected Metric Data Sources Proposed Range of 

Conditions 

19Basal Area (ft2/acre)  
25th-75th percentile (median)  

20CON: (FIA): 203-286 (256) 
HWD (Elliott): 66-121 (86) 
MIX (Elliott): 94-253 (153) 

Total Tree Density (trees/acre) 
25th-75th percentile (median)  

CON: (FIA): 61-143 (83) 
HWD (Elliott): 45-121 (54) 
MIX (Elliott): 47-133 (110)  

1QMD: Diameter at Breast 
Height (inches) 

25th-75th percentile (median)  

CON (Elliott): 25-41 (28) 
HWD (Elliott): 11-17 (14) 
MIX (Elliott): 16-20 (17) 

1Density of Large Diameter 
(>20” DBH) Trees 
(trees/acre) 

25th-75th percentile (median)  

Forest Inventory and 
Analysis (FIA): 
Evaluation of FIA data 
representative of older 
forests in the Mid and 
South Coast Region 

ODFW Aquatic Inventories 
Project (AIP): riparian 
data in the Oregon 
Coastal Region.  

Elliott: Riparian Data from 
the Elliott State Forest 
and BLM  

CON (AIP): 41-99 (78) 
HWD (Elliott): 3-21 (13) 
MIX (Elliott): 11-29 (16) 

Riparian 
Conditi
on 
(Type 
F and 
Large 
and 
Mediu
m N 
unless 
otherwi
se 
noted) 

Shade (All Stream Types)  ODFW AIP shade angles. 
 
[AIP observed range= 76-

91%, need to stratify by 
stream size] 

Small:       80 – 87 
Medium:  85 - 94 
Large:       71 – 93 

                                                 
 
19 Metric is reported for conifers, hardwoods, or all trees in conifer-dominated, hardwood-dominated and 
mixed stands respectively. 
20 CON = conifer; HWD = hardwood; and MIX = mixed riparian forests   
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Resource Selected Metric Data Sources Proposed Range of 
Conditions 

Stream Temperature  
(7-day moving mean of daily 

maximum- °C) 
25th-75th percentile (median) 

ODFW AIP for model inputs  
[Reference water 

temperatures for the 
stream network less 
than 10 miles from the 
topographic divide 
based on median 
stream sizes and 
median AIP shade 
levels].  

Elevations based on feet 
above mean sea level 
(ft. msl). 

 
Use the regression 

equations from the ESF 
Watershed Analysis 
(attached) for reference 
water temperatures for 
the stream network 
greater than 10 miles 
from the topographic 
divide 

Small (10 ft): 
      1960’    13.5°C 
      1640’    14.3°C 
      1160’    15.0°C 
        680’    15.8°C 
        200’    16.5°C 
Medium (20 ft): 
      1960’    13.5°C 
      1640’    14.2°C 
      1160’    15.0°C 
        680’    15.7°C 
        200’    16.4°C 
Large (38 ft.): 
      1960’    13.8°C 
      1640’    14.5°C 
      1160’    15.3°C 
        680’    16.0°C 
        200’    16.8C 

Large Wood in Streams: Total 
pieces/reach length 

25th-75th percentile (median) 

ODFW AIP (53 sites)  
[AIP observed range = 9.4-

29.7 pieces/100m, need 
to stratify by stream 
size] 

Small:      13.8 – 28.7 
Medium:  11.5 – 30.7 
Large:        8.2 – 26.6 

Aquatic 
Conditi
on 

(all stream 
sizes 
and 
types) 

Large Wood in Streams: Number 
of Key Pieces/reach length 

25th-75th percentile (median) 

ODFW AIP (124 sites 
because small streams 
were under-
represented)  

[AIP observed range = 0.6 – 
4.0 pieces/100m, need 
to stratify by stream 
size] 

Small:        0.9 – 4.3 
Medium     0.9 – 3.3 
Large          0.5 – 2.1 

Roads: Parallel and Within 100 
ft. of streams 

Numeric goal: 
Policy Decision 

No net increase 
< 5% of road network 

Watershed 
Conditi
on 

(All Stream 
Types) Riparian Structural Diversity: 

Percent of riparian areas by 
structural classes. Structural 
classes relate to species 
diversity, layering, and 
presence of snags and 
downed wood.  Advanced 
structure has the greatest 
diversity, multiple canopy 
layers, and high levels of 
snags and downed wood.  

Benda and Dunne 1997, 
summarized in R2 
Resource Consultants. 
2005  

Wimberly at al. 2000 
Agee 1993 
Numeric Goal: 
Policy Decision that reflects 

management for mature 
forest condition but 
acknowledges 
disturbance is common 
in riparian areas 

Early:             5-16%  
Intermediate:  14-45% 
Advanced:      45-70% 
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Resource Selected Metric Data Sources Proposed Range of 
Conditions 

Near Stream Sources of Large 
Wood Recruitment 

Van Sickle & Gregory 1990  
McDade et al. 1990 
Bilby and Bisson 1998 
[observed range from 

literature = 70-100%] 

70-100% of the natural 
disturbance regime’s 
large wood recruitment 
originating within 100 
feet of streams is 
maintained near the 
stream zone 

 

Upslope Sources of Large Wood 
Recruitment (from 
landslides and debris flows)  

McDade et al. 1990;  
Benda and Sias 1998; 
Benda et al. 2003;  
May and Gresswell 2003 

Reeves et al 2003;  
[observed range from 

literature = 10-72%] 
Numeric goal:  Policy 

Decision 

65-75% of the natural 
disturbance regime’s 
large wood recruitment 
is maintained from 
upslope areas  

 
NOTE: Total percent of 

channel wood 
originating from upslope 
areas will vary by 
stream order (May and 
Gresswell 2003)- larger 
order streams have less 
wood from upstream 
sources. 
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Approach and Available Data 

A combination of data from “reference” streams (Kavanagh et al. 2005), older upland 
forests (USDA FS 2006), older riparian forests on the Elliott (Biosystems et al. 2003), 
ODFW Aquatic Inventories Project reference riparian areas 
(http://rainbow.dfw.state.or.us/nrimp/default.aspx?p=259), and values from published 
literature (Table D-2) were used to describe a set of desired future conditions. The 
selected metrics were reported as a range (25th to 75th percentile) and median where 
analysis techniques and available data allow. In some cases available data were lacking or 
the literature didn’t provide a useful numeric range. In such cases literature was used to 
guide a policy decision on the proposed range.  
 
Aquatic Metrics: For the purposes of this paper reference streams represent a range of 
conditions for sites with minimal human perturbation. Oregon Department of Fish and 
Wildlife (ODFW) reference sites were selected from all Aquatic Inventories Project 
habitat surveys. These surveys are conducted by ODFW using a process outlined in 
Thom et al. (2001). The ODFW Aquatic Inventories Project reference sites represent 
watershed areas with low impact from human activities such as roads, development, and 
forest management. ODFW believes the sites are an accurate depiction of the stream 
sizes, geology, and ecoregions and that they are representative of aquatic conditions in 
minimally influenced streams that exist in coastal drainages of western Oregon (Thom et 
al. 2001). Reference sites were chosen from coho streams. Gradient is generally less than 
5 percent. Thus, they may be less representative of steep streams. The Aquatic 
Inventories Project surveys have been conducted since 1992. Data from streams in the 
plan area have been summarized by Kavanagh et al. (2003) and represent the observed 
range of conditions that may have occurred under inherent disturbance regimes without 
the additional perturbation of forest management.  
 
Riparian Metrics: Riparian forest characteristics were attained through an analysis of 
three data sources: Forest Inventory and Analysis (USDA Forest Service 2006), ODFW 
Aquatic Inventories Project surveys 
(http://rainbow.dfw.state.or.us/nrimp/default.aspx?p=259) which included riparian 
transects, and riparian surveys from the Elliott State Forest (Biosystems et al. 2003). A 
subset of the Forest Inventory and Analysis data collected in older forested areas (80 to 
205 years old) provides a complete data set from which to derive data for all the riparian 
metrics but represents mostly upland stands within the Mid and South Coast regions. 
ODFW Aquatic Inventories Project reference sites in the same region represent older 
riparian forests (no specific age available), but involve lumped data by diameter classes 
and thus cannot be used to populate all the riparian metrics. Finally, data from older 
riparian forests (86 to 210 years old) on the Elliott were summarized and provide a 
descriptor of riparian structure within the plan area but have a small sample size. The 
desired future conditions for shade over streams were based on reference conditions from 
the ODFW Aquatic Inventories Project surveys (Kavanagh et al. 2005). 
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Watershed Metrics: The desired future conditions for watersheds relied mostly on 
reports in the literature. Policy decisions were needed for some of the proposed ranges 
and are noted accordingly. 
Table 2. Data Sources for Describing Aquatic and Riparian Reference 
Conditions. 
Data Source Description References 

ODFW Aquatic 
Inventories Project 
(AIP): Habitat Data  

The ODFW AIP data were collected to provide 
quantitative information on habitat condition for 
streams throughout Oregon (Moore et al. 
2002). As part of this effort, data were 
collected on 124 reference reaches, which 
were considered by ODFW to represent a 
natural range of conditions (Kavanagh et al. 
2005). While no explicit age limit was set for 
these sites, they represent low human impact 
(wilderness/roadless area, late-successional or 
mature forest). 

53 Mid and South Coast Reference sites  
124 sites in the entire Coast Reference were used 

if needed due to otherwise small sample size 
from Mid and South Coast 

Kavanagh et al. 2005 

ODFW AIP: Riparian 
Data 

Of the 124 AIP sites (as described above), 54 sites 
had an accessible, riparian dataset. Sites 
represent coho streams with least human 
disturbance 

ODFW web site provided 
in text 

Elliott State Forest 
Watershed 
Analysis: Riparian 
Data 

The Elliott riparian data were collected and 
summarized by independent contractors to 
characterize riparian conditions in the Elliott 
State Forest. ODF re-analyzed a subset of the 
data comprising all plots 86-210 (average = 
150) years in age. These included 15 plots: 
four conifer-dominated, five hardwood-
dominated, and six mixed riparian forests.  

Biosystems et al. 2003 

Federal Forest Inventory 
and Analysis (FIA): 
For Riparian 
Metrics 

These data are collected as part of a national 
project to characterize vegetation using a 
systematic sampling design. Independent 
contractors evaluated FIA data representative 
of forests 85-205 (average = 117) years in 
age, the Mid and South Coast Region. A 
subset of plots provided 14 conifer-dominated 
sites and 4 alder sites with site indices of I, II, 
or III.  

USDA Forest Service. 
2006 

 

ODF Watershed 
Analyses 

Describes current and desired conditions in the 
watersheds being analyzed. 

ODF Watershed 
Analyses: Elliott 
(Biosystems, et al. 
2003), Miami (J. 
Jenkins et al. 2005), 
Upper Nehalem (R2 
Resource 
Consultants. 2005.) 

Literature: References 
provided in text and 
listed under 
Appendix B 

Published literature is used to put side-boards on 
potential ranges from which to establish the 
policy goal. 

See Appendix B 
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Riparian Conditions 

Selected Metrics 
Basal Area, QMD, Stand Density, Numbers of Large Diameter Conifers and Hardwoods 
(greater or equal to 20 inches DBH), and Shade over Streams 

Rationale  
Riparian areas fill a special environmental niche between aquatic and terrestrial systems 
and provide a unique linkage from the headwaters of a basin to the outlet. Structural 
characteristics of riparian areas vary greatly, in part, because plant communities reflect 
fluvial and fire disturbances, soil and geomorphic characteristics and management 
practices (Hayes et al. 1996). Riparian vegetation is important for fish because it provides 
nutrients from litter fall, root masses for bank stability, shade for temperature control, and 
large wood for habitat complexity. Upland conditions and processes influence the 
conditions and functions of aquatic and riparian conditions as well. Examples include 
landslide and debris torrents that deliver wood, boulders, and sediment to streams; 
wildfires that create a mosaic of upland and riparian stand structure; and roads that can 
chronically deliver sediment to streams or change the timing and magnitude of high 
stream flow events. Small headwater channels have riparian areas that can be more 
indicative of upland stands and are important conduits of structure and nutrients.  
 
Decisions to manage or not manage near streams have direct influences on riparian 
conditions. Under the Elliott FMP and HCP, riparian areas are managed to achieve 
mature forest conditions within 100 feet of Type F streams, Medium and Large Type N 
streams. Once mature forest condition is achieved these areas will have minimal or no-
harvest. A few studies have documented the range of riparian stand structures for old 
growth and mature riparian forests (Andrus and Froehlich, 1988; Carlson et al 1990, 
Heimann 1988; Ursitti V.L 1990; Pabst and Spies 1999; Thom et al. 1999) and report a 
wide range of conditions. There are a multitude of indices that can be used to describe 
riparian forest structure including age, basal area, stand density, mean diameter, QMD, 
cover, number of large trees, layering, shade over streams, downed wood and snags. We 
selected riparian stand metrics (basal area, stand density, QMD, numbers of large 
diameter trees) that are responsive to management, easy to measure, and likely to register 
a detectable change over the plan period (approximately 50 years). 
 
Large wood is a principal contributor to high quality fish habitat. In particular, sources of 
large conifer wood to streams may be more beneficial than hardwoods for the creation of 
pools and habitat complexity. Conifers attain larger diameters, tend to be more stable 
during high flows, and last longer in the stream than hardwood species. As a consequence 
they offer improved function as key pieces for the creation of wood jams and long term 
habitat features. Most coastal streams are significantly lacking large wood and in 
particular key pieces of large wood. Given these circumstances it is important to evaluate 
the effects of the HCP on coniferous sources of large wood to streams. The numbers of 
large diameter conifer trees in riparian areas provides an index of how management 
influences recruitment of large coniferous wood to streams. While trees with a larger 
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eter at breast height (DBH) than 20 inches are important for channel complexity, it 
e larger size classes. We defined “large” as greater than 

BH because it is useful for detecting change within the time period of the 
 

portant component of riparian structure as well and it is likely that 
inated significant miles of near-stream riparian areas in the 

is is because hardwoods tend to have a competitive advantage 
s next to streams and along debris torrent 

ented differences in nutrient cycling and nitrogen 
 streams that are alder-dominated in the coast range (Compton et al. 2003) and 

 small non-fish bearing alder-dominated streams in Alaska (PNW 2004). Nitrate and 
rganic nitrogen increases as the percent of red alder increase (Compton et al. 

est that red alder increases habitat quality for wildlife, stream 
ans, songbirds, and other invertivores. 

is increased if it is grown in patches, rather than as a 
 2004). We included hardwood riparian metrics in recognition of the 

currence and important ecological function of hardwoods along streams in the 
tt Forest. 

ixture of hardwoods and conifers and in fact 
ent of mature forests is the presence of multiple species and a layered 

position. For these reasons we have included measures of mixed riparian forests in 

ets were used to determine the range of conditions. These included a data set 
ature riparian forests in the Elliott State Forest, an ODFW data set taken fro
ho streams in the Oregon Coast Range, and Forest Inventory and Analysis 

 throughout the coast range.  

e Elliott State Forest by Integrated Data Management 
odification of the protocol developed by Andrus (2001a) in 

es greater than 6 inches DBH were measured. These data were subsequently 
 and analyzed by Andrus (2001b) in the Elliott State Forest Watershed 

s et al. 2003). For the present analysis, ODF re-analyzed the Elliott 
b-set of plots exceeding 80 years of age. These were further queried to derive 

s. Riparian areas in this subset ranged in age from 86 

Project reference stream data were available on 53 
eaches in which all trees greater than 1.2 inches DBH were tallied into lumped 

eter-class categories. Of all the riparian metrics only the large conifer count may be 
pared with the other data because of the significantly lower DBH cutoff and the 
ping methodology.  
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tt and Aquatic Inventories Project plots were classified as hardwood-dominated, 
inated, or mixed stands and yielded the sample sizes shown in Table D-3. 

r the stand-type determination: 
 Conifer dominated: more than 70 percent of basal area in conifer.  
 Hardwood dominated: less than 30 percent of basal area in conifer.  
 Mixed: 30 to 70 percent of basal area in conifer.  

rsion of the Forest Inventory and Analysis Integrated 
 within Western Oregon, with an elevation 

eet, and a stand age of 85 to 205 (average = 117) years old. 
H greater than 7 inches. The query produced 

ple stands: 
 27 stands classified as Douglas-fir or western hemlock 
 4 stands classified as other conifer types (e.g., spruce, cedar, pine) 
 4 stands classified as red alder 
 11 stands classified as other hardwood types (e.g., madrone, oak, willow ) 

lock stands, we selected those with a site index of I, II, or 
inated 2 stands with 30 percent hardwood basal area or more, which are 

 of the region, 1 stand classified as hemlock, 
IV or V. The result was 14 Douglas-fir dominated stands 

 Forest Type for the Elliott, ODFW Aquatic 
ventory and Analysis  (FIA) Data 

Sample Size by Forest Type Data Source 

Conifer Hardwood Mixed 

Elliott 4 5 6 

AIP 14 19 20 

FIA 14 4 0 

etrics, the median, 25th percentile, and 75th percentile were 
determined. These non-parametric statistics were used because the sample size was too 
small to assume a normal distribution. The three datasets produced different ranges 
(Table H-4). 
 
The Elliott and Forest Inventory and Analysis data sets provide more complete data than 
the ODFW Aquatic Inventories Project data set to populate the DFC metrics. Reference 
values based on the Elliott, however, are vulnerable to small sample size across all stand 
types. The same is true for hardwood stand types from the Forest Inventory and Analysis 
data set. At present, the small set of criteria and the lack of comparability limit the 
usefulness of the ODFW data set. However, the original data collected by ODFW did 
have tree size information that would improve the comparability with the Elliott data set. 
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If ODF were able to procure the original data, the relatively large sample size of the 
ODFW data would likely provide useful reference values for the full set of DFC metrics. 

Table 4. 
Summary of Results from Analysis of Three Data Sets Used to Characterize 
Desired Future Conditions of Riparian Areas within 100 feet of Large Type 

F and Large and Medium Type N streams. 

Data Set Results- 25th-75th percentile (median) 
Bold Text represents the proposed range for this HCP 

Riparian Metric 

AIP FIA Elliott 

Conifer Basal Area in 
Conifer-dominated 
Riparian Areas 
(ft2/acre)  

Not available 203-286 (256) 
(ft2/acre) 

142-309 (228) (ft2/acre) 

Total Tree Density in 
Conifer-dominated 
Riparian Areas 
(trees/acre) 

Not available at 
the same 
DBH cutoff  

61-143 (83) 
(trees/acre) 

60-91 (73) (trees/acre) 

Conifer QMD: (inches) Not available 21 - 29 (25) (inches) 25-41 (28) (inches) 

Density of Large Diameter 
(>20” DBH) Conifers 
(trees/acre) 

41-99 (78) (trees/acre) 
 

26 – 50 (36) 
(trees/acre) 

25-38 (33) (trees/acre) 
 

Hardwood Basal Area in 
Hardwood-dominated 
Riparian Area (ft2/acre)  

Not available 
 

62-119 (92) (ft2/acre) 66-121 (86) (ft2/acre) 
 

Total Tree Density in 
Hardwood-dominated 
Riparian Area 
(trees/acre)  

AIP: Not available at 
the same DBH 
cutoff  

42-111(77) 
(trees/acre) 

45-121 (54) (trees/acre) 
 

Hardwood QMD: (inches) Not available 27-34 (27) (inches) 11-17 (14) (inches) 

Density of Large Diameter 
(>20” DBH) 
Hardwoods: 
(trees/acre) 

Not available 1-15 (8) (trees/acre) 3-21 (13) (trees/acre) 

Total Basal Area in Mixed 
Riparian Forests 
(ft2/acre)  

Not available Not available 94-253 (153) (ft2/acre) 

Total Tree Density in 
Mixed Riparian Forests 
(Trees/acre)  

Not available at the 
same DBH cutoff  

Not available 47-133 (110) 
(trees/acre) 

QMD in Mixed Riparian 
Forests: Diameter at 
Breast Height (inches) 

Not available Not available 16-20 (17) (inches) 
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Data Set Results- 25th-75th percentile (median) 
Bold Text represents the proposed range for this HCP 

Riparian Metric 

AIP FIA Elliott 

Density of Large Diameter 
Trees (>20” DBH) in 
Mixed Riparian 
Forests: (trees/acre)  

Not available Not available 11-29 (16) (trees/acre) 

 
The one comparable parameter between the three data sets was the number of large 
trees21. Although no formal statistical tests were applied, the ODFW data do appear to 
come from a population with larger trees than were present on the Elliott and Aquatic 
Inventories Project plots. The reason for this difference is not immediately clear. The 
Elliott and Forest Inventory and Analysis data were selected for stands greater than 80 
years old, which represents the management objective of the FMP. While the age of the 
reference riparian forests from the ODFW Aquatic Inventories Project is not given, the 
numbers of large trees is evidence that a large proportion of the reference stands are 
likely well over 80 years of age. In many cases, they may represent stands that are well 
beyond ODF’s ability to achieve over the next 50 years. 
 
A comparison of the Forest Inventory and Analysis Douglas-fir plots to McArdle’s 
(REFERENCE) description of unmanaged upland forests, generally supports use of the 
14-plot sample as representative of unmanaged Douglas-fir forest in western Oregon. For 
example, the sample mean QMD was 24.3 inches, versus 24.0 inches for McArdle 
(normal) unmanaged Douglas-fir forest. The sample mean total basal area was 257 
square feet, versus 258 square feet for McArdle (average). The sample mean tree density 
was 98 trees per acre, versus 101 trees per acre for McArdle normal (average stocking 
would be expected to be greater than normal, and contain more small trees). The sample 
mean for total conifer basal area is over 96 percent of McArdle average (suggests 
insignificant difference for this parameter). The sample mean for basal area of conifers 12 
inches DBH and larger is over 93 percent of McArdle average, again suggesting an 
insignificant difference. The sample mean density of conifers 12 inches DBH and larger 
is about 58 percent of McArdle normal. We have no data for McArdle average for this 
parameter, but sample is likely to be slightly below average for tree density due to the 
presence of hardwoods. 
 
While the analyses of three different data sets often resulted in different numeric ranges, 
for the purposes of this DFC, one range was needed. For the conifer stands we selected a 
combination of data sets to describe the desired future condition. This is undesirable 
because we are mixing stand characteristics that are in large part dependent on each other 
and therefore should be derived from a single data set. However, the advantage is a set of 
values which are more environmentally conservative. The Aquatic Inventories Project 
data were selected to describe basal area and stand density because of the relatively larger 

                                                 
 
21It should be noted that the ODFW HW/con/mixed classification is based on tree count, while the Elliott is based on basal area.  It is 
not known how this would influence the reference values. 

Duck Creek Associates, Inc     492 



Wilson River Watershed Analysis  FINAL – March 2008   
 

sample size as compared with the Elliott. The lumping methodology for the Aquatic 
Inventories Project data prevents use for characterizing basal area. The small DBH cutoff 
prevents applicability to a stand density DFC. The Elliott data were selected for QMD 
because the values provide a more environmentally conservative value than the Forest 
Inventory and Analysis data, and again QMD could not be derived from the Aquatic 
Inventories Project data. The Aquatic Inventories Project data were selected for the 
numbers of large diameter conifer trees. The Aquatic Inventories Project data provide the 
advantage of conservatism and a larger sample size than the Elliott. Additionally, the 
ODFW large tree data provide consistency with the shade measurements, which are also 
based on Aquatic Inventories Project data. However, these advantages come at the cost of 
inconsistent data sets used for the other riparian metrics (QMD, stand density, and basal 
area) derived from the Aquatic Inventories Project and Elliott data sets. Because of this 
mixing of data sources, more information is needed to increase confidence in the riparian 
conifer values.  
 
The Elliott hardwood plot data and the Forest Inventory and Analysis red alder samples 
are both small (5 sample plots for the Elliott and 4 sample plots for Forest Inventory and 
Analysis) and highly variable. This suggests the use for DFC reference is questionable. 
However, in general the results compare well between data sets for basal area and stand 
density. Results depart in terms of QMD and number of large diameter trees. Forest 
Inventory and Analysis reports a higher QMD but fewer numbers of large diameter trees 
than the Elliott. We based our selected values on the Elliott data because the data were 
collected from riparian areas. These results will be used to analyze the HCP.  However 
because of the small sample size, if these results are to be used for other purposes, more 
information is needed to increase confidence in the values.  
The Elliott data are currently the only data available for describing mixed stands. These 
results will be used to analyze the HCP. Again, because of the small sample size (6 
sample plots), if these results are to be used for other purposes, more information is 
needed to increase confidence in the values. 
 

22.1.1.1.1 Conifer Riparian Forests 
o Basal Area: 203 to 286 square feet per acre (256 square feet per acre) 
o Quadratic Mean Diameter: 25 to 41 inches (28 inches)  
o Number of Large Diameter Trees (greater or equal to 20 inches DBH): 41 to 99 trees 

per acre (78 trees per acre) 

22.1.1.1.2 Deciduous Riparian Forests 
o Basal Area: 66 to 121 square feet per acre (86 square feet per acre) 
o Quadratic Mean Diameter: 11 to 17 inches (14 inches)  
o Number of Large Diameter Trees (greater or equal to 20 inch DBH): 3 to 20 trees per 

acre (13 trees per acre) 

22.1.1.1.3 Mixed Riparian Forests 
o Basal Area: 94 to 253 square feet per acre (153 square feet per acre) 
o Quadratic Mean Diameter: 16 to 20 inches (17 inches) 
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o Number of Large Diameter Trees (greater or equal to 20 inch DBH): 11 to 29 trees per 
acre (16 trees per acre) 

22.1.1.1.4 Stream Shade 
Shade DFCs were derived from ODFW Aquatic Inventories Project data and represent 
the 25th to 75th percentile of the distribution and (median) from coastal reference sites. 
o Small: 80 to 87%   (84%) 
o Medium: 85 to 94%   (88%) 
o Large: 71 to 93%   (85%) 
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Aquatic Conditions 

Selected Metrics  
Stream Temperature, Large Wood in Streams  

Rationale  

Stream temperature is proposed as an indicator because it is sensitive to management. 
Temperature also plays a critical role for a variety of fish species, with increases in 
temperature at certain times of their life cycle causing stress and/or mortality (Beschta et 
al. 1987). DFCs are presented as thermal ranges that represent reasonably achievable 
surface water temperatures consistent with historical conditions under occasional 
disturbances of mature forest conditions. DFC values are based on the same metric used 
in state water quality standards (7-day moving mean of daily maximum) with an 
approach that is consistent with that used to develop Total Maximum Daily Loads 
(TMDLs).  

Large wood in streams provides multiple important biological functions including cover 
from predators, gravel retention, pool scouring, and creation of backwater and slow water 
habitat. Forest management has the potential to indirectly affect large wood loading by 
reducing recruitment from riparian and upslope areas. Factors influencing wood 
frequencies include size and topography of upstream drainage basin, valley bottom 
configuration, floodplain width, substrate composition, and channel sinuosity. The 
desired future conditions were derived from ODFW data (Kavanagh et al. 2003) from 
reference streams in the vicinity of the Elliott (numbers of pieces of wood) and 
throughout the coast range (numbers of key pieces). The upper and lower ends of the 
range represent the 25th and 75 percent quartiles observed at reference streams. 

Desired Future Conditions 

Stream Temperature  
Reach specific indicators were developed using a view-to-sky model (WFPB 1997) to 
predict a likely range in stream temperature. In this model, predicted summer surface 
water temperatures is a function of channel size (width and depth), elevation, riparian 
canopy, and closure levels. The model started with current riparian stand and shade 
conditions and then grew it forward to establish temperature goals. Model reliability 
declines when streams get to be around 50 feet wide and less than 1000 feet in elevation. 
This typically will occur at approximately 10 miles from the divide. Streams and 
associated temperatures along the channel network greater than 10 miles from the divide 
are larger, low gradient, low elevation channels that become too wide and deep to 
respond in a typical fashion to riparian shade the way narrow, shallow channels do. 
Therefore a distance-to-divide model (Biosystems et al. 2003) was used for streams 
greater than 10 miles from the divide. Neither model can adequately account for 
substantial contribution of cool ground water or conversely, warm runoff from ponded 
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waters. These inputs are site specific and can not be accounted for in the proposed 
analyses. 

This approach is consistent with that used to develop TMDLs for the region. For TMDLs, 
the Heat Source model includes such aspects as the Natural Thermal Potential (NTP) of a 
waterbody based on: (1) channel widths compared to potential vegetation heights and 
densities, including an allowance for canopy openings due to natural disturbances; (2) 
effective shade per ecoregion (meaning the potential shade from different vegetation 
canopy classes that can grow in an area); (3) natural streamflows and (4) tributary inputs. 
The NTPs in the Umpqua ranged in classes from less than 16ºC in headwater areas to 
well over 25ºC in low land areas. More than 50 percent of the stream miles assessed in 
the watershed had NTPs greater than 22ºC and more than 70 percent had NTPs greater 
than 19ºC. DEQ’s conclusion was there is no thermal assimilative capacity for waste load 
allocations (temperature heat sources) in sections of the basin, where temperatures exceed 
numeric criterion.  

The following model results are the predicted temperatures [25th to 75th quartile (and 
median)] for the reported elevations (feet above mean sea level). Ranges in water 
temperatures for the stream network were modeled based on median Aquatic Inventories 
Project stream sizes and shade levels. 

• Small (5 to 13 ft): 13.5 to 17.0 °C 
• 1960’ 13.5 to 14.0°C   (13.7°C) 
• 1640’ 14.3 to 14.8°C   (14.5°C) 
• 1160’ 15.0 to 15.5°C   (15.2°C) 
• 680’ 15.8 to 16.3°C   (16.0°C) 
• 200’ 16.5 to 17.0°C   (16.7°C) 

 
• Medium (13 to 26 ft): 13.0 to 16.6°C 

• 1960’ 13.0 to 13.6°C   (13.5°C) 
• 1640’ 13.8 to 14.4°C   (14.2°C) 
• 1160’ 14.5 to 15.1°C   (15.0°C) 
• 680’ 15.3 to 15.9°C   (15.7°C) 
• 200’ 16.0 to 16.6°C   (16.6°C) 

 
• Large (26 to 103 ft.): 13.1 to 17.7°C 

• 1960’ 13.1 to 14.7°C   (13.8°C) 
• 1640’ 13.8 to 15.5°C   (14.5°C) 
• 1160’ 14.6 to 16.2°C   (15.3°C) 
• 680’ 15.3 to 17.0°C   (16.0°C) 
• 200’ 16.1 to 17.7°C   (16.8°C) 

 
Anticipated water temperatures for streams more than 10 miles from the topographic 
divide were based on a multiple linear regression equation derived for the Millacoma 
River (BioSystems et al. 2003). For these purposes, shade was based on the ODFW 
Aquatic Inventories Project data. Stream temperature is a function of distance and shade: 
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Temperature (oF) = 81.0 + 3.17 * ln (Distance) - 0.243 * shade;  
(adjusted square multiple R = 0.89) 

  
At a distance of 30 to 40 miles from the divide channels become too wide for complete 
shading and too deep for rapid daily responses of stream temperatures to solar radiation 
(Sullivan et al. 1990). Therefore, further downstream from this point, water temperatures 
will tend toward ambient air temperatures. Results of the linear regression combined with 
the very large stream response beyond 40 miles from the divide are given in Table D-5.  
 

Table D-5. 
Regression Results as a Function of Distance from the Divide with 100% 

Shade Levels. 

Moving Mean of Daily Maximum 
Stream Temperature- Regression 

Results 
Distance 

 
(miles)

Natural Log of 
Distance 

ln (Distance)

Maximum
Shade 
(%) Fahrenheit (oF) Celcius (oC)

3.8 1.33500107 100 61 16.0 
8.9 2.18605128 100 64 17.5 
10 2.30258509 100 64 17.8 

11.8 2.46809953 100 65 18.0 
20 2.99573227 100 66 19.0 
30 3.40119738 100 67 19.7 

36.8 3.60549785 100 68 20.0 
40 3.68887945 100 68 20.2 
50 3.91202301 100 69 Ambient 
75 4.31748811 100 70 Ambient 

100 4.60517019 100 71 Ambient 
 

Large Wood 
Large wood DFCs were derived from ODFW Aquatic Inventories Project data and 
represent the 25th to 75th percentile of the distribution (and median) from coastal 
reference sites.  
Total pieces per reach length  
(Diameter is greater than 6 inches and length is 6 feet or longer): 

o Small:  13.8 to 28.7 pieces per 100 meters (19.1 pieces per 100 meters) 
o Medium: 11.5 to 30.7 pieces per 100 meters (16.2 pieces per 100 meters) 
o Large:  8.2 to 26.6 pieces per 100 meters (15.7 pieces per 100 meters) 

 
Number of Key Pieces per reach length  
(Key piece is 24 inches in diameter or larger and 50 feet in length or longer): 

o Small:  0.9 to 4.3 key pieces per 100 meters (2.3 pieces per 100 meters) 
o Medium 0.9 to 3.3 key pieces per 100meters (2.3 pieces per 100 meters) 
o Large  0.5 to 2.1 key pieces per 100meters (1.3 pieces per 100 meters) 

Duck Creek Associates, Inc     497 



Wilson River Watershed Analysis  FINAL – March 2008   
 

Watershed Condition 

Selected Metrics:  
Hydrologic Connectivity to Streams, Roads within 100 feet of Streams, Riparian Forest 
Structure, Sources of Large Wood Recruitment 

Rationale  
Road management is an important component of the Elliott State Forests upland 
strategies for minimizing management effects on aquatic and riparian areas. Road-
associated changes in sediment delivery have no correlation to a natural process; 
therefore, sediment from roads represents an increase over background conditions. 
Excessive fine sediment deposited in stream channels can cause decreased survival of 
salmonid eggs and alevin by reducing water flow through streambed gravel, thereby 
suffocating the eggs or preventing the eggs from hatching. Massive increases in fine 
sediment delivery and channel deposition can reduce pool frequency, depth, and volume. 
A number of research and monitoring studies have investigated this issue. Research has 
shown that newly constructed or reconstructed roads may have ten times more surface 
erosion the first winter after construction as compared to subsequent years (Luce and 
Black 1999). Most fine sediment from surface erosion processes is relatively chronic. 
Road use during wet periods can greatly increase turbidity (Bilby et al. 1989, Reid and 
Dunne 1984). Among other factors, research and monitoring has shown that road location 
and drainage practices can influence sediment delivery to streams (Bilby et al. 1989; 
Bilby 1985a; Sullivan 1985; Dent et al. 2003).  
 
Hydrologic connectivity to streams is an accepted measure of potential impacts of roads 
on stream systems in western North America (Forman et al. 2003, Bilby et al. 1989, Dent 
et al. 2003, Reid and Dunne 1984, Wemple et al. 1997). Hydrologic connection exists 
when water is intercepted by the road prism and routed directly to streams, rather than to 
an area where drainage waters will re-infiltrate into soils. A lower value is the better 
value. Undisturbed forest soils in many areas (including most of Oregon) are extremely 
porous (high infiltration rates), and design standards have changed to direct as much 
drainage onto these porous soils and away from direct entry to streams as possible. 
Hydrologic connection may be by ditch, gully or overland flow and values of 57 percent 
to as high as 75 percent have been reported in older studies (Reid and Dunne 1984, 
Wemple at al. 1997). More recently designed or improved roads have a hydrologic 
connectivity between 15 and 34 percent (Weaver and Hagens 1984, Bilby et al. 1989). 
Without hydrologic connectivity, eroded sediment carried in drainage water cannot flow 
to streams. 
 
Riparian areas are considered conservation areas under the Elliott HCP. They function to 
protect streams by filtering sediment, providing terrestrial food sources, cover, shade and 
large wood. Riparian areas will be managed or left unharvested to achieve these 
functional goals. While riparian areas are managed to meet mature forest conditions, they 
are subject to natural disturbances such as floods, landslides, debris flows, blow down, 
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insect, disease, and fires. As a result riparian structure will vary throughout the Elliott and 
can be classified in the same structural categories used to define upland. Early, 
intermediate, and advanced forest structure for upland stands are described in detail in 
Chapter 5 (section 5.2.1). While riparian forest conditions may differ from upland stands, 
the structural type descriptions are applicable to riparian DFCs regarding development of 
species diversity, canopy layers, snags and downed wood. Of the three structural types, 
advanced structure provides the greatest diversity. In forests with advanced structure, the 
understory develops (understory re-initiation) when enough light and nutrients become 
available to allow herbs, shrubs, and tree regeneration to grow and develop in the 
understory. The new understory may grow very slowly at higher stand densities. The 
vertical structure of advanced structure stands is more developed than that of intermediate 
structure stands in the understory re-initiation stage. Tree crowns show significant 
layering from the tallest trees to the forest floor. Shrub and herb layers are diverse, in 
terms of species and in vertical arrangement. A mixture of shade-tolerant (e.g., western 
red cedar, western hemlock, bigleaf maple) and intolerant tree species (e.g., Douglas-fir); 
and shrub and herb species (vine maple, huckleberry, salmon berry, and sword fern) may 
be present. The plant community provides a wide range of habitat niches from the forest 
floor through the canopy including snags and downed wood. 

Given the goals to meet mature forest condition, it is likely that a greater percent of 
riparian areas will be in the older forest structure than that of adjacent uplands. Although 
not riparian specific, (Benda and Dunne 1997) report a range of forest structural 
conditions that vary over time and space resulting from long-term forest disturbance 
regimes such as landslides, windthrow, disease, and fire.  
 
Riparian and landslide-prone areas are important sources of large wood recruitment to 
streams. Research has established that 70 to 100 percent of large wood in the near stream 
zone is recruited from within 100 feet of the stream (Van Sickle and Gregory 1990; 
McDade et al. 1990; Bilby and Bisson 1998). More recently research has established that 
small streams can be important sources of large wood to larger downstream reaches. 
When a landslide and subsequent debris-flows occur, it can travel through a small stream, 
eventually stopping and depositing large wood and gravel along lower gradient, larger 
stream reaches or at junctions between small and larger streams. In this way, small 
streams can provide a linkage between landslides and channel conditions. The potential 
for small-stream wood-delivery to downstream reaches is dependent on many factors 
including probability for a debris flow to occur, channel gradient, and junction angle 
where the small stream joins the larger stream. Given the range of stream and hillslope 
conditions, the importance of wood recruitment from steep slopes and debris flows to 
larger fish-bearing streams varies. Reported ranges vary from 10 to 72 percent in the 
Oregon Coast Range (Reeves et al 2003; Benda and Sias 1998; Benda et al. 2003; May 
and Gresswell 2003). 
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Desired Future Conditions 

Roads  
The literature establishes that proper implementation of road-best-management practices 
can reduce negative effects of roads on water quality. However, for the selected metrics, 
a threshold value has not been reported. Therefore the following values reflect a policy 
decision based on what has been demonstrated in the literature. 
o Road Hydrologic Connectivity to Streams:  

o 20 percent or less of road connected to streams and 
o  Less than 0.5 percent of watershed area with roads connected to streams 
 

o Roads parallel and within 100 feet of streams: A qualitative DFC is to have no net 
increase in roads adjacent to streams. In addition: 

o Less than 5 percent of the road length 
 

Riparian Structure:  
The desired future conditions are based on findings from Benda and Dunne (1997): 
o Early Structure: 5 to 16 percent  
o Intermediate Structure: 14 to 45 percent 
o Advanced Structure: 45 to 70 percent 

 

Sources of large wood recruitment: 
The DFC for large wood recruitment from within 100 feet of the stream is well supported 
in the literature. However, the proportion of large wood recruitment supplied by upslope 
areas is highly variable and in part dependent on stream order. Because of the wide range 
reported in the literature the DFC regarding upslope sources of large wood reflects a 
policy decision. 
o 70 to 100 percent of the natural disturbance regime’s large wood recruitment from 

within 100 feet of streams is maintained in near stream zones 
o 65 to 75 percent of the natural disturbance regime’s large wood recruitment is 

maintained from upslope areas  
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23 Appendix K – Riparian Stand Information 
Stand Table Information.  The average basal area and stem density values for measured stands in the Wilson River watershed, compiled 
for growth year 2006 (measured spring 2007).  Stand tables are presented by Inner Riparian Zone (IRF, 30 – 100 ft) and Stream Bank 
Zone (SBZ, 0-25 ft). 

      Basal Area (ft2/ac) Stem Density (TPA) 
     DBH Range (in DBH) <8” 22 8 – 14” 14 – 20” 20 – 30” >30” <8” 8 – 14” 14 – 20” 20 – 30” >30”
RIPZONE Major Veg Type FPS Code Species23 Total BA (ft2/ac) Total Stems (TPA) 1 2 3 4 5 1 2 3 4 5 

Conifer 1D2H DF 186 135 3 20 98 65  10 29 72 24  
Conifer 1D2H NF 3 2   3     2   
Conifer 1D2H RA 5 6  2 2    4 2   
Conifer 1D2H WH 18 36 6 3 9   25 5 6   
Conifer 1D3H DF 132 70  3 63 56 9  6 40 22 2 
Conifer 1D3H RA 9 10  5  5   8  2  
Conifer 1D3H WH 54 46  15 27 12   20 21 5  
Hardwood 1H2H BM 10 8  4 2 2 1  6 2 1 0 
Hardwood 1H2H DF 14 10  3 5 6   4 3 2  
Hardwood 1H2H RA 119 132 1 56 52 10  4 83 41 4  
Hardwood 1H3H BM 7 8  7     8    
Hardwood 1H3H DF 2 1   2     1   
Hardwood 1H3H RA 144 235 13 62 57 13  74 115 41 5  
Mixed DX2H DF 129 76  17 55 46 11  25 35 15 2 
Mixed DX2H NF 5 4  1 3  1  2 2  0 
Mixed DX2H RA 28 45 3 13 12 1  12 23 9 0  
Mixed DX2H RC 2 0    2     0  
Mixed DX2H WH 12 15 1 1 9   5 3 6   
Mixed DX2M DF 149 67  9 42 90 9  11 24 31 2 
Mixed DX2M RA 9 8   9     8   
Mixed DX2M WH 9 3    9     3  
Mixed DX3H DF 155 142 6 25 66 45 13 32 46 46 16 2 
Mixed DX3H NF 4 2   1 3    1 1  
Mixed DX3H RA 38 39  19 15 4   26 10 2  
Mixed DX3H SS 2 2  2     2    
Mixed DX3H WH 7 4   3 3    2 2  
Mixed HX2H BM 11 6  1 4 2 5  1 3 1 1 

Inner 
RMZ 

Mixed HX2H DF 28 16  3 8 10 6  6 5 3 1 

                                                 
 
22 Size classifications follow the FPS group codes for tree size. 
23 DF=Douglas-fir, NF=Noble Fir, RA=Red Alder, WH=Western Hemlock, BM=Bigleaf Maple, BC=Black Cottonwood, RC=Western Redcedar, SS=Sitka Spruce. 
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      Basal Area (ft2/ac) Stem Density (TPA) 
     DBH Range (in DBH) <8” 22 8 – 14” 14 – 20” 20 – 30” >30” <8” 8 – 14” 14 – 20” 20 – 30” >30”
RIPZONE Major Veg Type FPS Code Species23 Total BA (ft2/ac) Total Stems (TPA) 1 2 3 4 5 1 2 3 4 5 

Mixed HX2H RA 89 121 4 51 31 4  15 80 24 2  
Mixed HX2H WH 2 1   2     1   
Mixed HX2M BM 46 51  26 20    35 16   
Mixed HX2M BC 22 7   4 15 4   2 5 1 
Mixed HX2M DF 6 9  6     9    
Mixed HX2M RA 35 33  24 6 6   28 4 2  
Mixed HX3H BM 8 4   5 3    3 2  
Mixed HX3H DF 13 8  1 9 2   2 5 1  

Inner 
RMZ 

Mixed HX3H RA 82 94 6 24 43 9  25 37 29 3  
Conifer 1D2H DF 179 107  26 87 66   29 57 21  
Conifer 1D2H RA 10 9   10     9   
Conifer 1D2H WH 5 2    5     2  
Conifer 1D3H DF 145 75   62 82    46 29  
Conifer 1D3H RA 31 57  24 6    51 6   
Conifer 1D3H WH 33 78 12 9 12   61 10 7   
Hardwood 1H2H BM 19 8   6 14    4 5  
Hardwood 1H2H RA 223 325 9 130 78 5  35 229 58 2  
Hardwood 1H3H RA 199 238 11 60 85 44  54 98 66 20  
Hardwood 1H3H WH 15 14   15     14   
Mixed DX2H DF 125 78  13 52 46 14  23 35 17 2 
Mixed DX2H RA 81 103  51 27 3   81 21 1  
Mixed DX2M DF 176 85   91 54 31   62 16 6 
Mixed DX2M NF 9 2    9     2  
Mixed DX2M RA 44 65  26 17    49 16   
Mixed DX2M WH 7 1     7     1 
Mixed DX3H DF 118 70  10 54 49 5  14 36 19 1 
Mixed DX3H RA 107 130  54 50 3   87 41 2  
Mixed DX3H WH 2 0     2     0 
Mixed HX2H BM 24 15  5 5 7 8  8 3 3 1 
Mixed HX2H DF 12 5   6 4 3   3 1 0 
Mixed HX2H RA 139 169 4 49 72 14  20 86 58 6  
Mixed HX2H RC 3 3   3     3   
Mixed HX2M DF 37 16   22 15    11 5  
Mixed HX2M RA 179 227  130 49    183 44   
Mixed HX3H BM 32 20   24 8    16 3  
Mixed HX3H DF 7 2    7     2  

Stream 
Bank 
Zone 

Mixed HX3H RA 191 335 40 54 98   149 110 76   
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24 Appendix L – Wood Recruitment Budget 
 
This appendix contains details regarding a wood recruitment budget that was developed 
for the Wilson River watershed.  The current outputs for the assessment phase consist of 
this outline and 8 rasters and 2 shapefiles (supplied separately).  
 

24.1 Methods 

24.1.1 Preliminaries 

This is a two-dimensional model, in which tree locations are referenced to a branched stream 
network, with non-linear channels, tributary confluences, and variable channel-adjacent and 
interfluve topography. Spatial locations were oriented to a digital elevation model (DEM) 
consisting of a regular 10-m grid of points, each with a specified elevation. Each DEM grid point 
corresponded to a point location on the ground and each set of four DEM points defined the 
corners of a DEM grid cell. Stand-type maps, provided as either polygon or raster geographic 
information system (GIS) datasets, were overlain on the DEM and each DEM cell was associated 
with a particular forest-cover type. 

Channel locations were inferred from flow routing indicated by the DEM. Flow directions were 
defined for each DEM point (e.g., Tarboton 1997), and upslope contributing area calculated for 
all flow paths. Channel initiation criteria (Montgomery and Foufoula-Georgiou 1993) were 
defined to include small, headwater channels (Clarke et al. in review). Channel centerlines were 
traced over the DEM point-to-point; thus between-point channel segments followed one of eight 
flow directions: four parallel to cell edges and four parallel to cell diagonals. Channel widths 
were based on regional regressions to drainage area and mean annual precipitation. Channel 
edges were defined for each segment using a buffer of one-half the channel width. Channel 
segments were aggregated into reaches approximately 20 channel-widths long, with reach 
endpoints placed to minimize variability in drainage area, channel gradient, and valley width 
within each reach (Clarke et al., in review).  

For each DEM cell, wood input rates were based on the stand type within the cell, the location of 
the cell relative to delineated channel edges, surface gradient of the cell, the probability for 
debris-flow traversal of the cell, and whether or not the cell was located on a delineated 
floodplain. The following sections describe these calculations in detail. 

24.1.2 Wood Inputs by Tree Fall 

Wood input rates from tree fall were calculated for each channel segment and each DEM cell. 
This calculation involved several steps. First, for each channel-segment edge (Figure 61), all 
surrounding DEM points within a tree-height slope distance were located. Each point defines the 
corner of a DEM cell and each cell has a predefined rate of tree fall, based on the stand type 
within the cell. Then, for each of the DEM points, if a tree located at the point were to fall, the 
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probability that it hits the channel segment was calculated. These point values were averaged over 
each DEM cell to estimate the probability that a falling tree from within the cell hits the channel 
segment. These calculations were repeated for all cells that might supply trees to the segment, and 
then repeated for all channel-segment edges within the delineated channel network. Each step in 
this process is elaborated in the following sections. 

24.1.2.1 Probability That a Tree Falls 

A variety of processes cause trees to fall, including: windthrow (Liquori 2006), floods (Johnson et 
al. 2000), and mortality (with subsequent decay and toppling of the resulting snag) from insects, 
disease, fire, and competition (Franklin et al. 1987). The stochastic and site-specific nature of 
these processes complicate both empirical and modeling efforts to determine the probability that 
one or more trees out of a population of trees will fall in any given year. Hence, fall probability is 
generally equated to total mortality (Van Sickle and Gregory 1990). If it is assumed that trees fall 
independently of each other, that the probability of a tree falling is proportional to the time and 
area examined, and that the number falling in any time interval is independent of the number 
falling in a previous interval, then tree fall may be described as a spatial Poisson process. These 
assumptions are approximations that allow estimation of fall probability using the Poisson 
distribution, with which the probability for k (k = 0,1,2,3,...) trees to fall is  

[1]  

 

Here λ is the expected number of tree falls during a time period T. Over a given area A, with stem 
density ρ, and mortality rate M, λ is calculated as 

[2]  
 

For a single 10-meter DEM cell, with area A = 100 meters2, and for mortality rates M ~ 0.01 per 
year and stem densities around 100 per hectare, Equation [1] indicates a probability that no trees 
fall in any year is of order 0.99; the probability for one tree to fall is of order 10-1, closely 
approximated by the value of λ; and the probability that more than one tree falls is of order 10-5. 
Equations [1] and [2] work well for the requirements of this model. Forest stand-type mapping is 
available in GIS vector or raster format for many forested lands. Stem densities and mortality 
(life) tables (Harcombe 1987) can be obtained with stand inventories or forest-growth models. 
With this information, fall probabilities can be defined for size classes for each stand type and 
stored as attributes for each DEM cell in the GIS data.  

24.1.2.2 Probability That a Falling Tree Enters a Channel 

McDade et al., (1990), Robison and Beschta (1990), and Van Sickle and Gregory (1990) 
presented geometric tree-fall models showing that the probability for a falling tree to intersect a 
stream is a function of tree height and distance to the channel edge. In their derivations and in 
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subsequent wood recruitment models based on the resulting equations, the stream was assumed to 
be linear and of constant width. Here I adapt the approach of Van Sickle and Gregory (1990) and 
apply it for non-linear, variable-width channels, with tributaries, as traced for stream networks 
from a DEM.  

Previous studies recognized that trees tend to fall in certain directions. Robison and Beschta 
(1990), for example, cite unpublished data indicating greater than 75% probability for a 
downslope fall direction. Van Sickle and Gregory (1990) incorporated a fall-angle probability 
distribution into their derivation, but they lacked sufficient data to empirically characterize the 
distribution of fall angles. Subsequently, Sobota et al. (2006) presented tree-fall data from the 
Pacific Northwest showing a toward-channel mode with variance that decreased with increasing 
valley side slope. For streams in Wyoming, Bragg et al. (2000) found a tri-modal distribution, 
with preferential fall directions parallel, both up and downstream, and perpendicular to the 
channel.  

For a DEM point within a tree height slope distance of a channel segment edge (Figure 62), the 
probability PH that a tree falling from the point hits the segment is calculated as 

[3]  

 

where a is fall angle (referenced to the nearest channel edge, which has a fall angle of zero, 
Figure 64), f(a) is the probability density of fall angles, and a1 and a2 are the fall angles to the 
endpoints of the channel segment. Sobota et al. (2006) presented an empirical fall-angle 
distribution well characterized with a normal distribution, with which PH is calculated as 

[4]  

 

where “erf” is the error function, σ  is the variance, and the mean is zero (directly toward the 
stream).  

PH is calculated for each DEM point within the maximum tree height of the channel segment. 
These point values are translated to a probability that a tree within a DEM cell falls into the 
channel segment using the average of the point values at the cell corners. The probability that a 
tree from the cell falls into the channel segment is then approximated by the product of PF and 

[5]  

 

 

where PF is the fall probability from Eq. [2], and (bar)PH  is the mean value of PH, Equation [4], 
for the four corners of the cell.  
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24.1.2.3 Piece Size 

For each DEM point and each stand-type size class, piece size is referenced to the diameter of the 
bole at a height equal to the slope distance from the tree to the center point of the channel-
segment edge. This diameter is calculated using species- and stand-specific taper equations. Piece 
lengths were not estimated. 

24.1.2.4 Piece Numbers 

To the extent that tree-fall events are approximated as a non-homogenous, spatial Poisson process 
(see the required assumptions listed above), the number of trees falling into a channel segment 
over a time interval T is described with a Poisson distribution having an expected value equal to 
the sum of the expected number from each DEM cell with trees that can reach the segment. The 
expected number of trees falling into the ith segment, Nsegi, is then calculated as 

[6]  

 

where λj is the expected number of falling trees from the jth cell, from Eq. [2]; PHj is the 
probability that a falling tree from the jth cell will hit channel segment i, from Equation [4]; and 
the sum is over all cells within a tree height of the ith segment. Likewise, the expected number of 
trees, Ncellk, falling into any channel segment from the kth DEM cell is calculated as 

[7]  

 

where the sum is over all channel segments within a tree height of the cell. Both Nseg and Ncell 
represent vectors with piece numbers summed separately by piece size class.  

This set of calculations provides an expected number of pieces per year, by size class, falling into 
each channel segment and coming from each DEM cell. The number of pieces for each segment 
were aggregated into channel reaches and output as a field in a shapefile (ESRI 1998); the 
number from each DEM cell were output as a raster grid.  
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Figure 63. Slope-dependent calculation of probability of tree fall from a DEM point to a channel-
edge segment.  
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25 Appendix M – ODF Roads Protocol 
 

ODF Road Data Collection Procedures 
Rapid Watershed Risk And Current Condition Survey 

Including standardizing roads base layer in project area 
Version 1.02 

 
Goal: This survey is designed to give ODF and watershed analysis contractor(s) the most 
important information on the condition of roads as they may affect watersheds.  
 
Objective: To evaluate road risk to resources and restrictions in use (ability to inspect 
and maintain roads). The survey is designed to consistently evaluate current conditions 
and also near future road conditions as they are likely to be affected by flood producing 
storms. 
 
Form of Survey: This survey will include all Oregon State Forests roads open for winter 
travel in the area in the project area. A map is attached. Each road must have a unique 
road identification, using the identification provided by the district or setting a systematic 
road identification convention established by the district. Each open road must be driven 
from beginning to end in direction as identified or routed, from a junction (figure) to the 
end of road or where the road is no longer driveable. 
 
Data is collected as points or segments. Points are used for drainage structures, gates, 
road junctions and blockages. Segments are used for all other conditions, and are lumped 
rather than split except for conditions with significant watershed effects or affecting safe 
use of road. All measurements are in English units only, with distance in feet, except 
culvert diameters in inches. 
 
ODF will provide the road survey application in DataPlus Professional software. The 
Contractor will be responsible for obtaining all necessary software and hardware needed 
for data collection. The department will provide 2 days training at the beginning of the 
project, and conduct quality control thereafter. 
 
Information Collected 

• The road name and length 
• Conditions of every stream crossing and effects on fish passage and washout risk 
• Conditions of all other culverts, and of other cross drains that drain directly to 

streams 
• How well the road drains and if that drainage water infiltrates into the forest floor 

(filtering) or enters a stream 
• How smooth is the road surface 
• If there are surface erosion or landslide areas affecting the road prism 
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• How road side brush affects use 
• If the road is in a critical location (location or road or road fill poses an inherent 

resource risk from stream erosion, landslides or reduction in riparian area) 
• The width in non-forested (non-productive) condition 
• The location, direction and name of all road junctions encountered, and whether 

they are open to travel 
 
General Information: Much of this is automated after the first road, including project 
area, data, person collecting the data, etc. For each road, enter the name exactly as 
prescribed by the District, and the road at the beginning junction. At the end of each road, 
the distance will enter automatically, then enter the reason the road ends (from the list in 
the program.  
 
Collecting Road Data: Each road must have a unique road identification, using the 
identification or naming convention provided by the district. Each open road must be 
driven from beginning to end in direction as identified or routed, from a road junction to 
the end of road or the point where the road can no longer be safely driven. If roads are 
blocked by washout the survey must include that washout in the stream crossing data. 
 
Start the road and data collection (set DMI to 0) at center of junction road, at the center of 
the junction (about where arrow points in figure below). Drive each road to the end 
before starting a new road. 
 

Data is collected as points or segments. Data are collected only on those roads owned by 
or otherwise under the control of ODF. Points are used for drainage structures, gates, 
road junctions and blockages. Segments are used for all other conditions, and are lumped 
rather than split except for conditions with significant watershed effects or affecting safe 
use of road. Keep segments at least 200 feet long, and use the notes to describe specific 
conditions that are less than 200 feet in length. All measurements are in English units 
only, with distance in feet, except culvert diameters in inches. For roads with Y junctions, 
treat the Y as a single road unless already in GIS or any side of the Y is greater than 200 
feet.  
 
Road Attention Codes: These are collected for point and segment (except for critical 
locations, non-forest area and junctions) 
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Code 1 blocks the road, prevents drainage, makes the road unsafe to use, or otherwise is 
causing road damage and/or serious erosion that affects water quality. Road work is 
required immediately if the issue affects water quality or the road is not intentionally 
closed. 
Code 2 significantly restricts road use, or the ability of water to drain across the road, and 
if left alone will likely get worse over time. 
Code 3 has a moderate effect on road use, speed, or water flow across the road, but is not 
an imminent forest practices problem and though it may reduce driving speed, is not a 
serious safety hazard. Code 3 conditions need maintenance or repair in the future (next 
few years for inactive roads, sooner for active logging roads). 
Code 4 is a minor impairment in function that does not require immediate maintenance or 
repair. 
Code 5 indicates perfect working order and there is no effect on the road function as 
designed nor is there increased erosion. 
 
If the Attention Code is low (i.e. 1 or 2), the minimum segment length is 200 feet. If the 
actual condition is shorter on the ground, extend the location on both ends so that it is 
recorded as 200 feet, and use comments to describe the more specific location of concern. 
For Codes 4 and 5, relatively long lengths (often the entire road) of road may be averaged 
(except where hydrologic connection to streams changes).   
 
Road Conditions [Segments]:  Data on other road conditions are collected continuously 
along the road. Data is segmented by similar conditions within that segment. There are 
six segment types for ODF roads, and a separate single type for non ODF managed 
(surveyed) roads. These data describe 1) drainage including hydrologic connection to 
streams; 2) surface stability; 3) prism stability; 4) roadside brush; 5) road location 
(critical risk categories); and 6) the non-forested width.  For roads in good condition, 
these often stay the same, often not changing for several thousand feet of road.  

 
When starting a new road, pull into a wide spot at the end of the junction or nearest spot 
where traffic can safely pass (if main road or active logging use). Take initial 
measurements of all 6 segment features and enter in data recorder (may change at end of 
segment) about 100 feet into road, not at a turn-out. If the road is not owned or managed 
by ODF, there is a seventh code (X) that is used, and no other data is collected.  
 
 Drainage - Evaluate how water moves off the road, and whether that drainage 
water infiltrates into the forest floor or flows into a stream (usually at a drainage 
structure). Pay attention to the direction of the water flow at the start of the road, and as 
you drive down the road. Determine hydrologic connection to streams is a critical 
part of this survey. Hydrologic connection to streams is determined at stream crossings 
and cross drains. It will frequently be necessary to change the initial estimate of 
hydrologic connection (and sometimes starting a new drainage segment) when reaching a 
drainage structure. Drainage segments will normally end (and a new one begin) at a 
vertical curve in the road (either high or low point) or at a drainage structure. The 
direction of drainage is now recorded at each drainage structure, so this should simplify 
determination of hydrologic connectivity. 
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 Surface - Is the surface muddy or missing needed aggregate? Does the road 
surface condition affect driving at a safe speed? Are there ruts or potholes to avoid or to 
slow down traffic? This requires only an attention code, and use the drop down menu to 
select the condition that best fits the road segment. 
 

Road prism stability - This evaluates whether there is a landslide or surface erosion 
at the prism. For the majority of most existing roads, the prism is well vegetated, or with 
small areas of bare soil or rock. Generally lump this into one rating, sometimes for the 
entire road. However, identify the locations of all active slide areas or recent fill failures, 
again with the 200 foot minimum distance. 

 
Brush - Do trees and or brush affect safe use of the road? This category records the 

effect on the road and the type of effect.  
 

Critical locations - locations with inherent resource risk, including historic placement 
of fill on steep slopes. They are organized by stream (and wetland) adjacent, slope, and 
non critical. For the stream and slope categories, they are further sorted by level of risk, 
as shown on the main documentation sheet. 
 

Non-forest - width of road with conditions that prevent or greatly retard potential tree 
growth. This includes the road subgrade as measured from the edge of the cutslope 
(includes ditch if there is one to the outside of the road (top of the fill). It also includes 
the cutslope width, though in some cases may not go all the way to the top of the cut, but 
to the point where trees are growing at similar productivity to those in the neighboring 
forest. These are both horizontal measurements. 
 
Drainage Structures [points]: There are two point data categories, Stream Crossings 
and Cross drains. Identify all stream-crossing structures, and all cross drain culverts that 
move water from one side of the road to the other. Identify other cross-drainage 
structures (waterbars, cross ditches, ditch outs, rolling dips, etc) only if not functional and 
needing repair, or resulting in drainage entering waters of the State. Identify locations 
where cross drains are missing and clearly needed to control a significant drainage 
problem. Measurements are best made with staff with gradations for culverts with 
diameters smaller than the length of the staff; use a tape for big pipes. Pacing is 
acceptable for bridges. 
 
Check for culvert crossing road at the start if each road (junction), but record data only 
when crossing the road you are surveying. Stop at all culverts crossing the road. Stop at 
other cross drains only if they result in likely delivery of water to streams. Track the 
direction of drainage, and be ready to change drainage codes (under segments) 
whenever hydrologic connection to streams changes. Hydrologic connection may be by 
ditch, gully or overland flow when distances are less than 100 feet. Determining changes 
in hydrologic connection may require you to record distances on paper, often a segment 
will include both sides of a stream crossing). 
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Change each feature when significant change occurs, most important to change 
hydrologic connection (under drainage) and critical location 
 
Completing a road: Enter the end distance onto all segments. The error check will 
determine if there are any gaps in the segment data. If there are, you will have to enter 
those. Then the program will ask if you want to end the road, and will automatically enter 
the ending distance 
 
Tools and Measurements:  A vehicle (pick-up or utility rig) is preferred for road access, 
although a ATV may be used if set up for precise distance measurements.  A single person 
can collect the necessary data, although a crew of two may be effective.  Distance 
measurements are made by travelling along the road using a distance measuring instrument 
(DMI) or other device that records vehicle travel in feet (a normal vehicle odometer is not 
acceptable).  A clinometer is used to determine hillslope and fillslope steepness in steep 
slope areas only, and also to determine steep stream channel and culvert gradients for fish 
presence and passage determinations.  Short distance measurement require a scaled rod or 
staff and a measuring (loggers) tape.  Much of the data collected is determined by direct 
observation or interpretation. 
 
Important Field Determinations (for field training) 

• Where do you start the DMI at the beginning of a road 
• What is the boundary between a stream crossing and a cross drain? 
• What factors affect the potential for fish use? 
• How to determine effects on fish passage? 
• What is filtering, and what determines hydrologic connection to streams? 
• What are the typical culvert sizes, and how are they easily measured? 
• How do you evaluate ditch function and effective drainage? 
• What to do when surveying roads with heavy log truck traffic 
• What factors affect washout risk 

 
Accuracy required: within 200 feet per mile of continuous measurement, within 1 QAC, 
and within 10 percent for other measurements. Critical locations must be identified and 
off by no more than one category. Determination of other features may be off by no more 
than 10 percent (for example, hydrologic connectivity) 
 
Routing and GIS: Route identifications shall be consistent with those developed by 
ODF if such identifications have been made. If routes have not been developed, each 
named road shall be routed in the direction of travel from the public road system into 
Agency's ownership. When roads traverse between different ownerships one route can 
include multiple ownerships. Routing should generally take place after data collection is 
complete, as we have found adding routes can sometimes change other routes. Do not 
begin or end a route at a property line, use a junction and the "X" segment code. 
 
Place major roads or connector roads that are not currently on GIS as accurately as 
possible. Spurs may be entered as straight lines.  When roads end at a place different than 
indicated on the ODF GIS layer (road never there, not just blocked or abandoned) correct 
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the GIS layer (for Tillamook District roads, ask the District to correct the road and follow 
District guidance). Spur roads not yet entered on ODF GIS may be entered as straight 
lines to inform the District that additional road location is required. 
 
Past Production: Past surveys have completed 8-9 miles of road per day for a 1 person 
crew. The GIS work has been a fairly small percentage of the road survey work.  
 
Data Collection Application: Data are collected on a hierarchical structure, using the 
following specific coding options. Data must be provided to ODF in .dbf format that is 
matched to the routed road system exactly as roads are named. Items underlined in the 
last part of this guidance are the names for each feature as found in the DataPlus program 
provided by the Department. The application use for this project is called HHRIMS2. At 
least for the Allegro, the key ALT F5 allows you to change between siblings. When 
entering segment data, it is not necessary or wise to enter the end of the segment 
until the end of the road, as entering a start of a new segment will automatically 
enter the end of the last segment of that type. This function is designed to prevent data 
gaps. When completing a road, you will then have to enter the ends of each segment, then 
when exiting the segments sibling there will be an error check that ensures all segments 
are there. If they are not, you cannot leave until all segments are continuous. In addition, 
you must exit the siblings from the segments only. At that time, the program will make a 
query as to the end of the road, and a yes answer will automatically enter the end distance 
under "road." To complete the road, enter the reason for the road end, and if its a 
junction, enter the road name of that other road. 
  
HHRIMS 2 DATA COLLECTION HIERARCHY 
Road 
 Segments 
 Stream 
 Cross Drain 
 Features 

Data Needed for Hierarchy 
Road  

Route ID - the name of the road, must be unique  
Date - this will auto enter, change only if you are entering hard copy data 
Surveyor - the initials of the person entering data, this will auto enter after 1st rd 
Junction ID - record the name of the road where this road starts 
Start - the beginning of the road, should be 0 
End - the end of the road, as far as can be driven - the end of each segment below 
must match this distance. 
Reason - Pick from the drop down list, why the road ends 
Junction ID2 - Fill in if the road ends at a junction with another road 
ProjArea - this will auto enter after first road completed, use "Upper Nehalem" 
District - Enter the District from the drop down, either Forest Grove or Tillamook 
Road System - This is optional, use if provided by District Engineer 
Comment - Any comment about the overall road, important general information 
that could not be described in the fields above 
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Segments (tabular format) 

Start - the start of the segment, the first must be '0' 
End - only enter at end of road, will auto enter when you start a new 
segment and  
TY -this is the segment type, there are six that must be completed 
(D,S,P,B,C,N) and a 7th code (X) for non ODF managed segments. 
AP - attention priority code, 1 to 5, except 0 where x-drain needed 
CC used for both critical location category, and for condition code for 
drainage and brush only 
HC- hydrologic connection, used only for drainage
SGW - subgrade width, used only for non-forest 
CSW - cutslope width (horizontal), used only for non-forest 
Comment - other essential segment information 
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Stream 
Dist - distance on DMI when front of vehicle at center of crossing 
MS - culvert marker status 
Matrl - Material used to make stream crossing structure 
Stype- type of stream crossing structure 
DIA - diameter or round culvert (blank for others) 
LEN - is the length of a bridge only, in feet 
RI - is the rise of a arch culvert in feet 
SP- span of an arch culvert, in feet 
Rdslp - Direction of travel at the crossing,  
HC - hydrologic connection of drainage water to stream* 
FLT - availability to install effective filtering cross-drain 
BV - beaver activity around structure 
AP - attention priority code 
SC1 - the structure condition codes, only enter if AP 3 or under 
SC2 - if more than one structural problem 
SC3 - may enter up to three structure problem codes 
FP - fill protection, if needed and working 
FFPR - possibility of fish present in stream* 
FPAS -restrictions on fish passage if any* 
Div - potential for stream diversion or fill washout during flood 
Comment - other essential segment information 

Cross Drain 
Dist - distance on DMI when front of vehicle at center of cross-drain 
MS - culvert marker status 
XT - type of cross drain structure 
DIA - diameter of cross drain in inches 
AP- attention priority code 
SC1 - the structure condition codes, only enter if AP 3 or under 
SC2 - if more than one structural problem 
SC3 - may enter up to three structure problem codes 
FP - fill protection, if needed and working 
Rdslp - Direction of travel at the cross-drain  
HC - hydrologic connection of drainage water to stream* 
FLT - availability to install effective filtering cross-drain 
Comment - other essential segment information 

 
Features 

Dist - distance on DMI when front of vehicle at feature 
PT - type of feature (road junction, gate, road blockage or other) 
RoadName - for junctions only, name of road taking off at junction 
Dir - for junctions only,  
Stat for gates only 
AP- attention priority code (gates only) 
Comment - other essential segment information 

* - denotes more complex determination
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DETAILED DESCRIPTIONS AND GUIDANCE 
 
Road information (once for each road) 
Route ID - fill in name or number used by District 
Date surveyed - normally auto entered 
Surveyor(s) - you initials 
Junction - road name you leave at start of new road 
Start - beginning distance in feet (usually 0) 
End - of measurement in feet will be auto entered if segment data correct 
Reason for end of road 

Ulanding U- road ends at landing, drive as far on landing as safe 
Ujunction -U road ends at junction with other road (name in next category) 
block - a barrier such a tank-trap, boulder, or large log 
brush - road brushed in, not safe or possible to drive 
failure (describe in prism code under segments) 
other - use comments below to describe 

Junction ID2 - name of road where surveyed road ends only when end a junction 
General Project Information (once per District) 

Project Area (Upper Nehalem Watershed Analysis) 
District (Forest Grove or Astoria) 
Road System blank unless directed by District 
Comments 
 
SEGMENTS  
"D" Segment Drainage - This includes all drainage elements other than cross drainage 
culverts, and how these combine to prevent drainage from eroding the road prism. This 
is a very important feature, as it records whether or not the road has hydrologic 
connection to the stream. 

Start distance in feet (record continuously along road, change only when significant 
change in drainage conditions, or whenever there is a change in hydrologic 
connectivity - no or yes)  

 End distance in feet (is start distance of next segment) [larger number than start] 
Comments 
TY this is the segment type, for drainage, enter D 
AP Attention priority  

1 – surface drainage not controlled; surface water is causing severe erosion of road 
prism and needs immediate attention; unsafe to drive 
2 – surface drainage not controlled; surface water is causing moderate erosion of 
road or onto steep fill; needs attention in next dry period 
3 – surface drainage poorly controlled, potential to cause erosion of road prism or 
weakness in road surface; needs attention within a year 
4 – road surface is not draining fully, damage not observed, drainage water not 
flowing into potentially unstable locations 
5 – surface drainage is functioning properly 
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CC Condition categories (required for Codes 1 – 3), fill in most serious condition 
ditch eroding - ditch bottom looks like a gully 
ditch full - ditch unable to handle storm flows without diverting over road 
ditch needed - no ditch and water causing erosion problems as result 
waterbars eroding - waterbars not functional if major storm hits 
waterbars bypassed - water running past waterbars or other cross drain 
waterbars worn down waterbars needing maintenance soon 
surface washing - general uncontrolled drainage causing surfacing erosion 
other - any other condition causing erosion, use comments  

HC Hydrologic connection (as determined by discharge within 50-100 feet of stream, 
or gully or live flow extending at least 100 feet below culvert). This may not be 
apparent until you reach the end of a segment, so you may need to scroll up and 
change your initial estimate (frequently) 

yes - drainage waters flow into a stream or a gully  
no - drainage waters infiltrate into the soil 

Comment 
 
"S" Surface [Segment Data] - This is the condition of the driving surface, how it affects 
safe inspection and erosion from the surface 

Start distance in feet (change only when significant change in surface condition)  
 End distance in feet (is start distance of next segment) [larger number than start] 

TY this is the segment type, for surface, enter S 
AP Attention priority 

1 – road surface very deeply rutted or ponded, difficult or impossible driving 
conditions 

2 – road surface rough or rutted (over 6 inches, or with many deep potholes or 
severe washboards)  
3 – surface roughness or softness reduces safe driving speed slightly 
4 – minor roughness or softness, grading should be considered next time grader in 
vicinity if road subject to heavy use 
5 – surface compacted and smooth (unsurfaced or surfaced) 

 End distance in feet (is start of next segment) [larger number than start] 
Comment 
 

"P" Prism Stability [Segment Data] 
Start distance in feet (change only when significant change in prism stability  

 End distance in feet (is start distance of next segment) [larger number than start] 
TY this is the segment type, for prism stability, enter P 
AP Attention priority 

1 – landslide involving most or all of road prism has closed road, geotechnical 
investigation and major reconstruction required to reopen road  
2 – arcuate cracks or other landslide reducing road width and drop on outside 
edge of road, pullback and possibly road widening may be required 
3 – serious surface erosion or minor cutbank slump 
4 – minor surface erosion - bare soil slopes on a substantial minority of cut  
5 – stable, vegetated prism - or rock, very little erosion if any 



Wilson River Watershed Analysis  FINAL – March 2008   
 

Duck Creek Associates, Inc     521 

Comment 
 
"B" Brush [Segment Data] 

Start distance in feet (record continuously along road, change only when significant 
change in vegetation along or on road  

 End distance in feet (is start distance of next segment) [larger number than start] 
TY this is the segment type, for brush, enter B 
AP Attention priority 

1 – mechanical brushing required to reopen road 
2 – mechanical brushing needed to maintain open road 
3 – chemical treatment needed in current year 
4 – chemical treatment needed in 1 – 2 years 
5 – no treatment needed in near future 

"CC" Category 
trees blocking - cannot be driven 
brush blocking - might be driven with difficulty 
trees encroaching - can be driven, though growth will close road soon 
brush encroaching - can be driven, growth will make driving difficult soon 
grass in surface - enough to make grading difficult 
road clear- none of the above 

Comment 
 
"C" Critical Location [Segment Data]:  {Average for a short segment, use a 500 ft 
minimum length} 

Start distance in feet (record continuously along road, change only when significant 
change in vegetation along or on road  

 End distance in feet (is start distance of next segment) [larger number than start] 
TY this is the segment type, for critical location, enter C 

Categories  
Stream-related 

CA canyon fill (road is in a steep, narrow canyon, with high cuts and fills 
crowding the stream in places) 
CF channel fill – gentle (road is next to and sometimes crowding stream, 
though in a generally stable location) 
SD stream in ditch (stream is routed down ditch line) 
SP stream parallel (road generally parallel to and toe of fill averages within 
100 feet of stream, no fill in channel) 
WT wetland (road crosses a wetland, on both sides of road) 

Slope-related 
CS cut/fill slides (failures of both cut and steep sidecast slopes, difficult to 
stabilize road) 
FS fill slides (sidecast slope failures along segment, cutslope stable) 
AS deep active slide (slide moving road prism) 
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SF steep fill (sidecast constructed road fill placed on natural slopes that are 
over 65 percent, with a resulting slope of over 75 percent. The steep fill 
category should not be used for local steep fills on otherwise gentle to 
moderate slopes.) 
no significant slides observed) 
IS deep inactive slide (road located where it cuts toe of old slide) 
SB steep full-bench (effective pullback) 

Non-critical (any road not in one of the above locations, stable slopes at least 
100 feet from streams, and not crossing wetlands. Common for slopes under 50 
percent. 

Comment 
 
"N" Non-Forest Area [Segment Data] 

Start distance in feet (record continuously along road, change only when significant 
change in vegetation along or on road  

 End distance in feet (is start distance of next segment) [larger number than start] 
TY this is the segment type, for non forest, enter N 

SGW - subgrade width in feet, including a ditch [10-40] 
CSW - cutslope width in feet (horizontal) [0-50] 

Comment 
 
X" Non owned - or managed by ODF, should be part of route, collect only begin and 
end, often to get to a junction. Collect no other point or segment data 
 
DRAINAGE STRUCTURES [POINTS] 
 
Stream Crossings (at each stream as defined by a defined bed or bank above the effects 
of the road, and not defined on flow at the time of inspection) 

Distance - distance on DMI when front of vehicle at center of crossing 
MS - culvert marker status 

okay - culvert marker is clearly visible from road 
needed - culvert marker is not clearly visible, and the culvert is not otherwise 
obvious 
unnecessary - culvert marker not clearly visible, culvert in obvious depression 

Matrl - Material used to make stream crossing structure 
steel - corrugated 
plastic - typically black, smooth ADS 
aluminum - light ring, lighter color, and minimum rust (ends turn brown) 
untreated wood - decomposing 
preserved wood - evidence of treatment 
concrete - includes reinforced pre-stressed, or round or poured on site  
steel beam - supporting a bridge, decking may be wood and class as this 
railcar  
other 
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Stype- type of stream crossing structure 
bridge - a structure with abutments and a span, and not covered by fill 
round pipe - a standard culvert 
pipe arch - an elliptical culvert 
open bottom arch - a structural culvert with a footing or other foundation  
log culvert - any structure where water flows though an opening made by logs 
where logs are covered by fill 
ford - a low water crossing  
other stream crossing - anything else, includes those where washed or pulled out 

DIA - diameter or round culvert (blank for others) in inches, [12-144] 
LEN - is the length of a bridge or ford only, in feet [2-200] 
RI - is the rise of an arch culvert in feet [1-20}  
SP- span of an arch culvert, in feet [2-30] 
Rdslp - Direction of travel at the crossing 

Up - road goes uphill from culvert in direction of travel 
Down - road goes downhill from culvert in direction of travel 
V - road goes uphill from culvert in both directions  

HC - hydrologic connection of drainage water to stream (usually yes for stream 
crossings, query if no) 

yes - there is a ditch, gully or sediment plume extending to the high water level 
no - this is uncommon for stream crossings, where the ditch ends 30-100 feet 
from the channel and it is clear all sediment settles before the stream 

FLT - availability to install effective filtering cross-drain 
available - a cross drain location is available, with sufficient distance to filter 
most of the drainage that now flows to the stream  
unavailable -there is no effective or stable location for a filtering cross-drain, 
this may be due to steep fill, or that there is a stream within 100ft of the road 
unneeded - less than 200 feet with hydrologic connectivity (and whenever no 
used above 

BV - beaver activity around structure 
yes - beavers have been working around the culvert, current or past dam 
no 

AP - attention priority code 
1 – stream crossing washout or other condition, unsafe for use  
2 – structure in failure, recent diversion down road or near overtopping of fill, 
currently passable  
3 – evidence of ponding behind fill or debris; damage restricting design flow 
through culvert or other evidence of moderate washout risk; or minor structural 
damage to bridge 
4 – slight reduction in capacity from damage, some debris or sediment that needs 
removal; low risk of washout or failure 
5 – properly functioning stream crossing 

SC1 - the structure condition codes, only enter if AP 3 or under (required for Codes 
1 – 3) for both stream crossings and cross-drains) 

inlet sediment - pipe partly or completely blocked or filled at inlet 
inlet block - debris, usually wood, reduces culvert capacity 
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inlet damage - denting or crushing, reduces culvert capacity 
rust - through or nearly through the structure, usually at the bottom 
collapse -there is internal distortion (structural) sagging or cracked beam 
fill erosion - significant erosion generally around or below the outlet 
outlet blocked this can be from soil or debris 
outlet damage - denting or crushing 
outlet gully - extending beyond the outlet area  

SC2 - if more than one structural problem, use another code listed above 
SC3 - may enter a third structure problem codes (above) 
FP - fill protection, if needed and working, based on condition of fill around and 
below culvert outlet 

unneeded - fill erosion not present, or not affecting road stability or water qual. 
functional - working half rounds, boulders, woody debris 
failing - erosion occurring despite fill protection, or  
needed - the fill is actively eroding, or has been undermined and affects stability 

FFPR - Fish presence - possibility of fish present in stream 
F fish (known Type F stream, or by observation of fish in stream) 
L likely fish (no survey and <10% stream gradient, and active width > 3 feet) 
U unknown fish (all other) 
N no fish (surveyed (confirmed Type N), or active width under 1 ft, or stream 
gradient >30% with no pools) 

FPAS -restrictions on fish passage if any, not for no fish streams 
AB adult barrier (>2-foot drop, or bare culvert with a slope >5%) 
FB juvenile barrier (>6-inch drop, or bare culvert without complete 
backwatering through entire culvert) 
FP full passage (<6-inch drop, or gravel in bottom of culvert, or complete 
backwatering) 

Div Diversion/washout risk - potential for stream diversion or fill washout during 
flood 

W washed out (fill washed out or diverted down road, damage occurring during 
storms) 
H high risk (high risk of washout or fill failure, fill over 15 ft high with 
undersized pipe as evidenced by past ponding or overtopping OR undersized 
pipe in fill on a steep grade with no dips, armoring, or other protection) 
M moderate risk (moderate risk for stream to reroute down road or washout 
less than 15 ft of fill height) Includes all cases where road grade continues 
downslope with a drop of 100 feet or more to the next grade reversal 
L low risk (low risk for rerouting or washout, low fill in low spot or with dip, or 
culvert designed for 50-year flow, free draining fill if over 15 ft height, relief dip 
on downstream side of pipe) 

Comment - other essential segment information 
 
 
Cross-drains:  Include all drainage structures that move water across the road and may 
have flow but do not have a defined bed and bank in the undisturbed ground above the 
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road. (All culverts must be surveyed, other structures are only surveyed if associated with 
a water quality or road prism problem affecting road use) 

Distance - distance on DMI when front of vehicle at center of crossing 
MS - culvert marker status 

 okay - culvert marker is clearly visible from road 
needed - culvert marker is not clearly visible, not otherwise obvious culvert 

 unnecessary - culvert marker not clearly visible, culvert in obvious depression 
XT Type of cross drain structure (moves surface drainage water from one side of 
road to other, must cross road being surveyed, no double count) 

cross-ditch - a trench cut across the road, may not be passable  
culvert - a pipe of any material 
ditch-out - ditch relief into a saddle or flat 
other - describe in comments anything else that moves water across the road 
rolling dip - a long depression in the road that moves water across 
waterbars - a short rise and drop in the road that moves water across 

DIA Diameter in inches for culverts only [most common are 15 and 18], carefully 
check if stream when 24 inches or over 
AP - attention priority code 

0 – cross-drain needed 
1 – cross-drain has completely failed or blocked; direct sediment delivery into 
stream, fill washing out or sliding; not easily passable 
2 – cross-drain mostly blocked due to damage or debris; or gully developed at 
culvert outlet and extending beyond road 
3 – cross-drain partly blocked due to damage or debris; carrying most of 
capacity; fill slope stable and/or armored, unlikely to pass flow during major 
storms 
4 – cross-drain has minor damage or block and debris build-up; no erosion on 
fill slope 
5 – cross-drain is functioning properly and in satisfactory condition; no 
erosion 

SC1 - the structure condition codes, only enter if AP 3 or under (required for Codes 
1 – 3) for both stream crossings and cross-drains) 

inlet sediment - pipe partly or completely blocked or filled at inlet 
inlet block - debris, usually wood, reduces culvert capacity 
inlet damage - denting or crushing, reduces culvert capacity 
rust - through or nearly through the structure, usually at the bottom 
collapse -there is internal distortion (structural) sagging or cracked beam 
fill erosion - significant erosion generally around or below the outlet 
outlet blocked this can be from soil or debris 
outlet damage - denting or crushing 
outlet gully - extending beyond the outlet area  

SC2 - if more than one structural problem, use another code listed above 
SC3 - may enter a third structure problem codes (above) 
FP - fill protection, if needed and working, based on condition of fill around and 
below culvert outlet 

unneeded - fill erosion not present, or not affecting road stability or water qual. 
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functional - working half rounds, boulders, woody debris 
failing - erosion occurring despite fill protection, or  
needed - the fill is actively eroding, or has been undermined and affects stability 

Rdslp - Direction of travel at the cross-drain 
Up - road goes uphill from culvert in direction of travel 
Down - road goes downhill from culvert in direction of travel 
V - road goes uphill from culvert in both directions  

HC Hydrologic connection - as determined by discharge within 100 feet of stream, 
or gully or live flow extending at least 100 feet below culvert 

yes - there is a ditch or gully extending at least 100 feet below the outlet, or to a 
stream. 
no - there may be a ditch or gully below the outlet, but it quickly begins to 
disappear 

FLT - availability to install effective filtering cross-drain 
available - a cross drain location is available, with sufficient distance to filter 
most of the drainage that now flows to the stream  
unavailable -there is no effective or stable location for a filtering cross-drain, 
this may be due to steep fill, or that there is a stream within 100ft of the road 
unneeded - less than 200 feet with hydrologic connectivity (and whenever no 
used above 

Comment 
 
Features [Point Data] Road junctions, gates, road blockages and other 

Distance on DMI when front of vehicle at feature 
PT - type of feature  

JU road junction 
 GA gate, 
 BL road blockage 

 OF other feature- use rarely to describe an unusual feature affecting the watershed 
RoadName - for junctions only, name of road taking off at junction 
Direction (for road junctions only) 

Left 
Right 
Tee 
Y 
Multiple 
Other 

Status for junctions only 
not on map or GIS layer 
blocked - describe in comments if not a tank trap, log or boulder 
overgrown - cannot be safely driven because of brush 
open gravel - roads you survey 
open dirt - surface too soft to drive 
other status 

AP- attention priority code (for gates only) 
Gates - Attention priority 
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1 – non-functional:  needs major repair or replacement 
2 – non-functional:  needs minor repairs 
3 – functional, needs lock 
4 – functional, locked 
5 – functional, open 

Comment - must be filled out for other features 
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