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Section I 
 

A. Project Overview 
 
This assessment of ecosystem conditions is the initial part, phase I, of a restoration project 

on the Sinlahekin Wildlife Area (SWA).  The assessment was designed to provide enough 
information to develop restoration prescriptions and an implementation strategy.  This objective was 
accomplished through a combination of technological and experiential expertise.  The multi-
discipline team compiled an extensive amount of information on the nature and condition of the 
SWA lands. Field crews performed Timber Stand and Vegetation Assessments in association with 
Fuels Analysis. Assessment data gathered consists of digitized results and working documents, along 
with hard copies of maps and photos used on the project. An initial map of the area was created 
using a classification system with ten descriptive cover types* (asterisked terms are described more 
fully in the glossary in Section III). 

Delineation of cover types and their present condition is a necessary prerequisite for making 
informed land management decisions. On-the-ground information allows accurate determination of 
fuel loading, and provides information unavailable through remote sensing methodology.  

To accomplish this in an effective manner, a Geographic Information System (GIS*) was 
chosen as a means of building a landscape-oriented fuel model for input into a fire behavior 
program capable of predicting risk and hazard from surface and crown fires, as well as developing 
cost/benefit ratios for treatments. The FARSITE fire area simulator (Finney, 2003) requires eight data 
layers as input; fire behavior fuel model, crown closure, crown base height, stand height, crown bulk 
density, elevation, aspect, and slope. The latter three can be built from the GIS digital elevation 
model (DEM). Developing the other five input layers formed the main task of phase I data gathering 
for this project. Building these layers requires input from stand exams, ecology plots and remote 
sensing techniques to map them on SWA lands. Initial results of processed data gathered in phase I 
is presented here and will continue to be refined during phase II. 

The Sinlahekin cover types range from cattail swamps to extremely dry rocky uplands that 
support only sparse tufts of grass and lichens.  Between these extremes there are grass and shrub-
steppe, deciduous stands and Douglas-fir and ponderosa pine dominated coniferous forest. 

While most of the Sinlahekin isn’t forested, the heaviest fuel loads are found in forested 
areas and in many cases they border industrial forestlands.   High and medium density forested 
areas, which are also high-risk areas for extreme fire behavior, received the most scrutiny. The 
diversity of stand conditions limits our ability to accurately quantify some aspects of the forest in a 
cost-effective manner.  With 536 different stands identified, it became quite evident that an 
inventory of every stand wouldn’t be possible nor necessary to meet the objectives of the project. 
Early in the process the area manager and the team decided that more information from 
representative stands would best fulfill project objectives.   

Detailed ecosystem data gathered and photo points from an initial set of 30 stands and 56 
stand exams will be used to characterize the conditions of similar stands during phase 2 fuel 
modeling and prescription development of this project. The distribution of these stands was 
checked to insure whether the mapped vegetative cover types had enough plots and associated 
stand exams for characterization. 

Heavy fuel loading increases the risk of extreme fire behavior, but slope, aspect, prevailing 
winds and light fuel also affect the likely progression of fire across the landscape.  Quantification of 
this important information was developed through field data gathering and computer modeling.  
The entire Sinlahekin was surveyed for fuel loads.  The team’s fire specialist performed this task and, 
with the aid of the BEHAVE fire modeling program (Andrews et al, 1986), provided likely fire 
behavior with existing conditions in the wildlife area. The BEHAVE model was developed and used 
extensively by the United States Department of Agriculture – Forest Service (USDA-FS) to predict 
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fire behavior.   It has been validated and refined since its inception in the 80’s, and can be 
downloaded royalty free as BehavePlus (Andrews et al, 2003). 

In the next phase of this project, it is suggested that the stand data and topographic 
information be used to build fuel models for input into fire behavior modeling programs such as 
BehavePlus and BEHAVE. When the stand data is combined with the cover types and a GIS terrain 
model, it is possible to compile the prerequisite eight spatial GIS layers required for FARSITE, which 
allows dynamic landscape fire simulations. These models will allow development of strategies and 
prescriptions to prioritize treatments for thinning overstocked stands and conducting controlled 
prescribed burns. 

 
B. Methodology 

Assessment design began with accessing existing information.  This included assembling GIS 
layers, orthophotos, high-resolution aerial photos, 7.5’ United States Geological Survey (USGS) 
topographic quadrangle maps, fire records, a manually-drawn boundary map of the SWA and 
pertinent local studies.   

Microsoft Access database and Arcview 3.2 GIS software programs (ESRI, 1998) were used 
to organize digital information.  

Stands were delineated on aerial photos. Following review of this information the team 
developed field data sheets that were tested and refined.  Refinements involved some modifications 
of initial assumptions. Information was gathered at plot locations in representative timber stands and 
other types of vegetation throughout the SWA. The majority of the plots were placed in moderate 
and high density forested areas. 

Plot information gathered included soils, water, topography, plant community, fuel loads 
and tree condition. Ecology plots include a determination of both existing as well as potential 
vegetation. Each plot include sets of photographs. Plots were located using a hand-held global 
positioning system (GPS*) to record waypoints* where plots were located. 

Most ecology plots included additional sets of sub-plots (“stand exams”) used to gather 
forest stand data. In addition to gathering important information on ecology, botany, soils and forest 
stand character, ecology plots also collected fuels information necessary for fire modeling (Keane et 
al. 1998). With fire risk being of paramount interest in the assessment process the entire area was 
surveyed using PNW-52, “Photo Guide for Appraisal of Downed Woody Fuels”.  This information 
was used to make computer-modeling runs in BEHAVE.  

For this project, cover types were mapped to represent existing vegetation, rather than 
potential vegetation (USDA, 1996, Daubenmire, 1968). The initial ten cover types form a broad 
classification from which more detailed cover types can be later subdivided, in a process known as 
hierarchical classification (Martin and Coker, 1992).  

The classification and mapping of the SWA using cover types is a time consuming process 
which requires successive reiteration and validation to be accurate. Cover types were initially 
mapped at a broad level in order to develop a fuels treatment program in an efficient, accurate 
manner. In this manner the most critical fuels mapping information can be gathered in sufficient 
detail, while eliminating unnecessary time classifying areas unlikely to affect the fuel models. 

On the advice of the fire specialist, the 3 canopy densities* of the coniferous cover types 
layer were delineated by slope gradient, yielding a set of polygons with slope >35% and another set 
with slope <35%.  

After entering ecology plot stand data into a database, the plots were overlaid within the 
GIS onto a map of cover types to uncover any discrepancies in the determination of overstory 
canopy.  This is an important data layer for modeling crown fires. 

A follow-up field visit rectified the determination of overstory canopy in 2 ecology plots that 
did not agree with that of the digitized cover type.  
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C. Results 
Data gathered for this project was digitized and provided to the SWA manager on 3 CD’s. A 

description of the data on CD is given in section D.  
A total of 536 stands were delineated on aerial photos. A total of 30 ecology plots and 56 

stand exams were visited (see below for more information). 
The boundary of the Sinlahekin used was made into an Arcview shapefile named wdfw-

single.shp. The boundary was digitized by transposing points off of a manually-drawn map of the 
area on an orthophoto onto a digital orthophoto. Based on surveys in 2003 and on USGS 
boundaries, the boundary of the SWA will need to be refined.  

An initial analysis overlaid plot locations onto the map of cover types to determine if 
sampling was representative across cover types with heavy fuel loads or high fire risk, such as dense 
forests on steep slopes.  

Other maps of vegetation types* (Almack et. al., 1993) or land cover* (MRLC, 2003) were 
examined and used to help derive a vegetative key for field work in the SWA (appendix A-4), and to 
design an initial map classification. The preliminary map of vegetative cover types was digitized on-
screen using the Arcview 3.2 GIS with Spatial Analyst at an estimated precision of plus or minus 50 
feet, using 1-meter digital orthophotos*. 

The initial set of cover types includes three different levels of forest cover as suggested by 
our fuels specialist. The GIS includes numerous other geographic layers providing information on 
the area’s terrain, roads, hydrology, administrative units, cadastral survey and historic fire data.  

The cover types developed using Arcview 3.2 GIS form a layer of non-overlapping polygons 
that represent the dominant vegetative species or species groups and their canopy density*. The 
map of cover types is contained in the GIS layer Cov_typ.shp. The ten mapped cover types within 
Cov clip.shp were coded as follows: 1- Wetlands; 2 - Deciduous forest; 3 - Developed; 4 - Rock 
Talus; 5 - Natural openings (overstory 0-10%); 6 - Agricultural fields, orchards, conversions (conifer 
overstory 0-10%); 7 - Riparian; 10 - Conifer overstory 10-30%; 30 - Conifer overstory 30-60%; 60 - 
Conifer overstory >60%. 

The cover types were clipped to the boundary of the SWA and renamed as Cov_clip.shp to 
yield 500 polygons. The total area for each cover type is depicted in the following chart. 
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The initial classification of cover types used canopy densities of 10-30%, 30-60% and >60%, 

mapped nominally at 50 feet precision. These categories were chosen as a compromise between 
expediency and accuracy. The most subjective part of the cover type delineation involved 
determination of the canopy density*. Discrepancies between the GIS determination of cover type 
and the field determination of canopy density were inspected on GIS. If the inspection could not 
resolve the discrepancy, the plot canopy density was then verified with a follow-up field visit (see 
next table). Just as importantly, the verification process tested invalid assumptions about the nature 
of the data, such as whether the categories are measurable or even useful.  

Basically, this verification consisted of comparing data estimates from 2 different sources 
and if they did not agree, making a third estimate by inspection of the plot on GIS, and if necessary, 
performing a follow-up field visit. In comparing data from two different sources, difference meanings 
were assigned to errors, discrepancies and misclassifications. Only errors, which are mistakes made 
in measurement or recording data, are corrected in the plot database. Errors include misregistration 
of GIS locations and typographic errors. Discrepancies are differences in value between two 
methods for measuring the value. Misclassifications occur when the value of an estimated canopy 
density from field estimation changes the assigned cover type of a given ecology plot. Small 
discrepancies become important when they result in misclassification. For example, plot 0025 has a 
discrepancy of only 2%, but this resulted in a misclassification, which out of 30 plots, amounts to 
about 3.33 %. Discrepancies are averaged, whereas misclassifications are summed. 

For the purpose of this project, it is an academic argument whether the differences in 
canopy density estimation between GIS interpretation and field estimation are more accurate, 
because there is no simple way to determine which method is more accurate. In fact, % canopy 
density is a complex quantity with a large number of estimation methods dependent on numerous 
assumptions about how light penetrates to the forest floor. With large data sets, the statistical 
spread of misclassifications is used as the measure of a method’s accuracy (Almack et al, 1993), 
however such a detailed verification is beyond the scope of this project. Instead, the best available 
estimate of canopy density is used in place of the original estimates for input into the fuels models, 
or if it would improve the validity of the model, sometimes the definition of the categories 
themselves will be changed, e.g., to consider whether % canopy densities might be better grouped 
into categories of say, <50% and >50%, rather than 10%, 30%, and 60% 

This brief verification process is an example of how other variables will need to be refined 
for input into the fuels models, and in fact, % slope was also verified at this time, since it is a 
potential cover type category. In phase II of this project, it will be important to track these 
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refinements as the fuels model is being built, so that it is always possible to go back to the original 
data. 

 
Table listing errors, discrepancies and misclassifications between GIS interpretation and 

field estimation of canopy density. 
Note: The column “Plot No.” is followed by the number of stand exams in the plot in parenthesis, 
followed by a brief description and plant community. The column “% CD C.T.”  is the cover type 
canopy density (%); this is marked “S” if slope is > 35%. The column “% CD Plot” is the canopy 
density (%) from the ecology plot recorded in the database field “TreePct”. The column “% CD-
Likely” is the most likely canopy density (%) based on all methods (field verification, cover type and 
GIS inspection; blank in column indicates that plots were correct); in the case of suspected errors, 
these are noted with an exclamation mark to indicate data was changed in the database; The 
column “Notes” lists notes made in the verification process on discrepancies in canopy density % or 
slope %. “Notes” is marked “OK” if there is no misclassification, followed by reasons for any 
discrepancies, and notes on whether the database was changed. %CD C.T. does include stand 
exam information; deciduous trees were not included in %CT. 
Plot No. (No. plots) % CD 

C.T. 
% 

CD
Plot

% 
CD-
Likel
y 

Notes 

0001 (0): Riparian 
plot 
(ALIN/BEOC/AGRE) 

<10 5  OK - plots measured deciduous canopy which 
does not affect the coniferous canopy density. 

0002 (0): Riparian 
bottomland meadow;  
(SASC/COST/PHAR) 

<10 0  OK 

0003 (0): 
Cottonwood 
(POPTRI/SYAL) 

<10 70  OK - plots measured deciduous canopy which 
does not affect the coniferous canopy density. 

0004 (0): Reprod 
aspen stand 
POPTRE/SYAL) 

<10 55  OK - plots measured deciduous canopy which 
does not affect the coniferous canopy density. 

0005 (2): Wooded 
draw 
(PSME/SYAL/CARU) 

>60 55  OK - Plot canopy density was misclassified by -
5%, but since the plot is in openings, the field 
observations are nonetheless correct  

0007 (2): Dog-hair on 
slope (PSME/sterile) 

>60 85  OK 

0011 (2): Toeslope 
(PIPO/SYAL/AGSP) 

30-60 55  OK  

0013 (2): Medium-
density forest 
(PSME/HODI/ 
UNKGRASS) 

>60 65  OK 

0015 (2): Toe slope 
(PIPO/AGSP) 

>60 25 45! Plot canopy density is believed to be in error 
and was changed in the database from 25% to 
45%. The stand is at the base of a cliff which is 
very patchy. The plots were meant to be on 
the slope, however  the stand included some 
of the dense riparian cover types below. Based 
on GIS inspection, the cover type canopy 
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density is more correct, and the database 
value was changed to 45% (still causing plots 
to misclassify by -15%). Slope ranges from 36-
46% (avg 41%) are considered to be an error. 
The minimum slope was changed from 36% to 
30%, resulting in a new avg slope of 38%. 

0017 (2): Open PIPO 
grove 
(PIPO/PUTR/AGSP) 

>60 50 65 Plot canopy density was misclassified by -10%. 
The plot is in a slightly more open part of the 
stand, which appears to be about 60-70% 
overall, otherwise both numbers are may be 
correct. No values were changed.  

0019 (3): Alluvial fan 
(PIPO/PHLE/AGSP) 

30-60 30  OK 

0023 (3): Steep med-
dens. conifer 
(PSME/PHLE/AGSP) 

>60, 
some S 

50 75 Plot canopy density was misclassified by -10%. 
This is a dense stand at the base of a cliff, and 
the plot was close to the edge of an opening. 
From GIS inspection, the correct canopy 
density appears to be 75%. The database was 
not changed. GIS slope for the stand is only on 
part of plot and should be considered an 
artifact, so the slope of 44% as marked on the 
plot is probably correct. 

    
Plot No. (No. plots) % CD 

C.T. 
% 

CD
Plot

% 
CD-
Likel
y 

Notes 

0025 (4): Toe of talus 
slope; doghair 
(PSME/CARU/AGSP) 

>60 58 65! Plot canopy density was misclassified by -2% 
and considered to be a minor error, based on 
field verification. The canopy density of the 
plot was measured in a more open part of the 
stand. The canopy density was changed in the 
database from 58% to 65%. 

0029 (2): Dry 
channels 
(PSME/SYAL) 

>60 50 65 Plot canopy density was misclassified by -10%. 
The plot was near the edge of the stand, and 
so was the GIS polygon, which was narrow, 
and bordered by open areas. The overall 
canopy density is about 60-70 and should 
probably be changed to 65% based on GIS 
observation, but this could not be verified. 
Database was left unchanged. 

0036 (8): Very steep 
slope 
(PSME/SYAL/AGSP) 

>60; S 50 75 Plot canopy density was misclassified by -10%. 
This is a dense, steep stand with about 70-80% 
canopy density, but the plot is near an 
opening. Based on GIS observation, the 
canopy density is probably 75%, but this could 
not be verified, and the difficulty of assessing 
density on steep slopes goes without saying. 
Database was left unchanged. 
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0041 (4): Gullied 
toeslope 
(PSME/SYAL/ 
RHIZGRASS 

>60 65  OK - Plot canopy density was misclassified by -
5%. Database was left unchanged.  

0046 (6): Undulating 
toeslope (PIPO/BRTE) 

>60 43 45 Plot canopy density was misclassified by -17%. 
This could be partly due to error in estimating 
canopy density with GIS, in that crowns with 
low bulk density are perceived as being solid. 
No database changes.  

0049 (2): Thinning 
unit 
(PIPO/AMAL/AGSP) 

30-60 15  OK - Plot canopy only appears to be 
misclassified by -15%. The source of the error 
was in the GIS determination of canopy 
density, since this is a thinned stand not visible 
when the orthophoto was made. No database 
changes. 

0055 (7): Diverse 
hilltop 
(PSME/SYAL/CARU) 

30-60, 
>60 

60  OK - borderline canopy density 
misclassification. Cover types were 30S, 60, 
60S, similarly variable as in plot slope range of 
13-78%. No database changes 

0057 (2): Slope 
above pond 
(PIPO/SYAL/AGSP) 

30-60; 
S 

40  OK - Note that there was an error in plot 
location which was corrected in the database. 
The data point for 0057 was incorrectly 
positioned at the north edge of the lake. It was 
moved to approximately the correct position 
by following the description on the plot. This 
changed the cover  type* to 30S. 

0061 (3): Mixed 
PSME-PIPO 
(PSME/SYAL/CARU) 

<10 70  OK - plots measured deciduous canopy 
density. 

0101 (0): Open PIPO 
bench 
(PIPO/PUTR/AGSP) 

<10 20 15! Plot canopy density was misclassified by -10%. 
Database canopy density was changed from 
20% to 15%. 

0102 (0): Steep 
mixed conif stringers 
(PIPO/AGSP) 

<10; S 25 15! Plot canopy density was misclassified by -15%. 
The plot was in a more closed part of the 
stand, and was lowered to represent a more 
open hillside. The database canopy density 
was changed from 25% to 15% 

0103 (0): AMAL 
shrubfield (AMAL-
ERHE-SYAL) 

<10 1  OK 

0104 (0): 
Regenerating PIPO 
(PIPO/AGSP) 

<10 0  OK 

1699 (0): Bunchgrass 
steppe (CARFIL-
GRASSLAND) 

<10 0  OK 

1701 (0): Narrow 
toeslope bench 
(PUTR/FEID) 

<10 1  OK 
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1702 (0): Rocky, 
coniferous, shady 
stream (PSME/diverse 
shrub) 

>60 40 55! Plot canopy density was misclassified by -20%, 
likely a plot error, since the stand is riparian 
and dominated by large trees Plot canopy 
density was changed in the database from 
40% to 55%. 

1703 (0): Open slope 
(PIPO/AGSP) 

<10 1  OK 

1705 (0): Deciduous 
bottomland (POPTRE-
ALIN-BEOC/COST) 

0 - 100 50  OK. These should be considered as two 
separate plots. 

 
Out of a total of 30 plots, the verification found 20 plots in which the field estimate of 

canopy density resulted in classification into cover type of the same canopy density. There were 5 
plots with errors in canopy density field estimation (indicated with an exclamation point (“!”) which 
were changed in the plot database. After correcting the errors, 1 of these plots was classified 
correctly and 4 remained misclassified, although the discrepancy was typically only about 5%. An 
additional 5 plots had likely discrepancies which were given suggested % canopy densities, but 
which were not changed in the database. Of these latter 5 plots, 1 was misclassified and 4 were 
correctly classified. The overall misclassification rate is 5 out of 30 or 17%. 

It is worth examining the assumptions that went into mapping of the cover types, and 
considering whether changes in the % canopy density categories is warranted. However there is not 
enough data to make such a determination at this time. Three open plots were misclassified by only 
5% (0101, 0102 and 1702), which is within reasonable limits of tolerance. Two medium density 
plots were misclassified by 15% (0015 and 0046), which is a significant concern. Plot 0015 was a 
patchy forest mix of dense stands and open slopes, whereas plot 0046 was a dense stand with a 
very thin crown bulk density. It would be possible to correct the misclassification of stand 0015 by 
delineating tree stringers with more detail, or alternately providing an estimate of the total acreage 
represented in such patchy stands. Plot 0046 was an even stand so the discrepancy is perplexing, 
however the trees in that stand had an infestation of tip die-back which could make have made the 
canopy density appear more open to field observers. Another possibility is that the stand has 
declined in vigor (and crown bulk density) in the 5 years since the orthophoto was created. 
 

After field checking and entering new data, the plots and stands were distributed among the 
different cover types as described in the following table. 
 
Table depicting ecology plot membership in the cover class categories  
This table shows the number of plots and stand exams established within each cover type. 
Cover type (Likely cover type from 
verification procedure table above) 

Total No. of Plots and Stand 
Exams in this cover type 

Plot Numbers 

01 (Wetland shrub or wet 
deciduous) 

4 plots; 0 exams 0001 0002 0003 1705 

02 (Deciduous, not wet; ~=aspen) 1 plot; 0 exams 0004 
03 (Developed) (no plots)  
04 (Cliff/Bedrock/Talus/ or Scree) 1 plot; 0 exams 1700 (a 10 year old binocular 

plot not resampled) 
05 (Open Shrub-steppe) 5 plots; 0 exams 0103 0104 1699 1701 1703  
06 (Agricultural) 0 plots; 0 exams 1698 (a 10 year old plot not 

resampled was reviewed) 
07 (Riparian) 1 plot; 0 exams 1702 
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10 (10-30% Conifer) 1 plot; 0 exams 0101 (0049 was originally in 
this category, but it is a thinned 
forest stand and needs a new 
category, so it wasn’t counted) 

10S (10-30% Conifer > 35% slope)  2 plots; 3 exams 0102 0019 (borderline 
classification) 

30 (30-60% Conifer) - 5 plots; 7 
exams#plots & # Exams 

5 plots; 20 exams 0005 0011 0015 0046 0055 

30S (30-60% Conifer > 35% slope) - 
part of 1 plot; 1 exam 

1 plot; 2 exams 0057 

60 - (60-100% Conifer) 11 plots; 31 
exams 

7 plots; 19 exams 0007 0013 0017 0025 0029 
0041 0061 

60S - (60-100% Conifer > 35% 
slope) 4 plots, 3 in part; 12 exams 

3 plots; 11 exams  0023 0036 

 
As planned, forested plots received the most attention. Still, there may be a need to assess 

more stands in the 10-30% (not steep) category and in the 30-60% (steep) category. An alternative 
is to map low canopy densities with a greater level of detail, as explained in above discussion about 
verification. Developed and agricultural areas can be assessed further if there is direction to do so. 
 
 

D. Data Summary for Ecology Plots, Stand Exams, and GIS layers 
 

The following sets of files are grouped using the names of folders on a CD-ROM containing 
this data which was transferred to the SWA Manager. 
 
Main Folder – Analysis. These are files used in initial analysis of the data. The analyses  are 
preliminary and should be considered as draft versions.  
Main Folder – Correspondence – These are important correspondences made during the study in 
2003. 
Main Folder – Database – This folder contains all field data gathered during the study. See the 
forms for definitions. The plots in the 1600s and 1700s series were repeats from the 1992 North 
Cascades Grizzly Bear study (with minor changes to the location as necessary). The original plots 
are provided as hardcopy copies, and both sets of plots are mapped in the waypoint shapefiles. 
Main Folder – Documents – This folder contains this document and the Fuels Analysis by Mike 
Dunn. 
Main Folder – Forms – This folder contains field forms, worksheets, and a document giving field 
protocols and data dictionaries for the databases. The Field Protocol contains an explanation of how 
data was gathered, and how it was analyzed. It is included in Appendix A) 
 
GIS folder: GIS - General: 

This folder contains project files and layer data for the fuels mapping project. The project 
files with links to large, regional coverages were replaced with links to clipped coverages that could 
be transferred to a CD-ROM. There is a subfolder in this folder containing GIS metafile data 
describing where and how data layers were developed and summarized in Appendix B. Arcview 
program extensions are also described in Appendix B. 

The preferred projection used for this project is Universal Trans Mercator (UTM) Zone 11 
North American Datum (NAD) 1983, in units of meters, which is the same as that of the 
orthophotos downloaded from the Washington Geospatial Data Archive 
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(http://wagda.lib.washington.edu). The orthophotos are 1998 7.5' orthophoto quads at  1 m 
resolution. See Appendix B for a list of other projections used in this project. 
Prior to projecting or cropping the source data, a clipping polygon was added to the view consisting 
of the 5 quads surrounding the center of the area in the Blue Goat Mountain quad. The extension 
Projector! was used for the initial projections of quads. 
 Shapefile themes were first clipped within the SPS NAD 1983 view to the 5X5 quads 
surrounding Loomis, Blue Goat Mountain and Conconully East. The shapefiles were projected with 
the Projector! extension. 
 
GIS Folder - Data layers (These were reprojected as necessary to UTM 11 NAD 1983 meters. 
Additional metadata details on some of these files is given in Appendix B):  
Clipbox.shp - Extent rectangle digitized for clipping views, and used to reduce size of layers for 
copying onto CD. 
Contours - 1000 m and 250 m contours calculated from the DEM data, used to help locate 
areas on maps. 
Cov_clip.shp - Digitized stand types by cover type, to be used as the initial category for 
developing management prescriptions. When it was necessary to combine more than one set of 
features into a single theme, themes were first unioned, and then exploded into multipart 
polygons with the extension Vector Trans 1.0. Slivers were cleaned up manually. The coding of 
the field Id in Cov_typ.shp was developed by evaluating each land area, in the sequence 1-2-3-6-
10-30-60-5-7-4, for the following criteria: 
1- Wetlands; swamps; marshes; aquatic areas; subirrigated areas less than 4%. This layer was 

created by buffering perennial streams to 0.02 mi (105.6 ft) using Minnesota DNR Arcview 
Tools, and then intersecting with the National Wetlands Inventory layer (nwi.shp), and saving 
the output to strmbuffer.shp. Polygons were edited and combined manually into larger 
areas, or reduced to smaller ones, where riparian vegetation appeared visible beyond the 
buffer limit. Some of the streams appear to be partially intermittent, and some upland areas 
are also wet. Areas with overlaid slope > 4% were keyed as Id 7, below. 

2 - Deciduous forest; tall shrublands; aspen; cottonwood; Scouler or naturalized European white 
or golden willow; this can include recent burns (older burns which have not recovered a 
tree canopy, but which have developed a significant shrub component). This layer was 
created by digitizing using the MSS image lancrop.tif as a guide for digitizing deciduous 
polygons in decid.shp. 3 - Developed; buildings; yards. 

4 - Rock Talus 
5 - Natural openings; shrub-steppe, recent burns with a significant herbaceous component; 

talus; alluvial fans (overstory 0-10%) 
6 - Agricultural fields, orchards, conversions (conifer overstory 1-10%) 
7 - Riparian - this layer was cut out of Wetlands (Id=1), by overlap with slope >4%. 
10 - Conifer overstory 10-30% 
30 - Conifer overstory 30-60% 
60 - Conifer overstory >60% 
Cov_clip.shp - Cov_typ.shp was clipped by the polygon for the SWA perimeter wdfw_single.shp 
and saved as cov_clip.shp. 
Cov_Clip_slo.shp - Cov_clip.shp was clipped by slope35.shp to generate cov_clip_slo.shp, a 
layer of stands partitioned into areas with slope > 35%.  
E_elv2, E-shd2 (grid) - Elevation + Hillshade Grids (e_elv2, e_shd2 (with a cell size 10.6657) are 
a shaded relief couplet produced from 10 m USGS Digital Elevational Models (DEM)s. These 
were processed as follows: GridPig Clip Grid with Polygon was used to clip E-elv2 and E_shd2 
(which were DEM and hillshade layers) by the polygon Xquad-s.shp. The Legend Editor was 
used to copy the old legend colors to the cropped grids. Grids were projected to UTM 11 NAD 
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1983 with Theme - Reproject Grids 4.0, using second-order transformation, nearest neighbor 
interpolation, and zero cell size. Theme - Convert to Grid was used to make the reprojected 
grids permanent, and the Legend Editor was used to reload the legend files  

Fires-10-ac-up.shp - Fire boundaries were mapped for mapped polygons on the fire maps of 
decades. A field, [Label], was used to designate the year or decade of occurrence. These fires 
were also mapped as points on the decades layers. 
Fire-pre-1910.shp - Fires were digitized manually by comparison with the Public Land Survey 
sections layer, when they overlapped orthophotos for any of the quads Conconully West, 
Aeneas Lake, Coxit Mountain, Enterprise, Riverside, Duncan Ridge, Loomis, Conconully East, or 
Blue Goat Mountain. The source data was a 24” X 48” hard copy map with gray copy features, 
unlabeled and with a key labeled “Fire Causes Code”, and with Blue marker labels for the 
Ranger Stations, “Blue Lake R.S.”, “Bell R.S.”, etc. The map did not extend south of Blue Lake. 
Fire-1920s.shp - Fires for the 1920s decade were digitized manually by comparison with the 
Public Land Survey sections layer, when they overlapped orthophotos for any of the quads 
Conconully West, Aeneas Lake, Coxit Mountain, Enterprise, Riverside, Duncan Ridge, Loomis, 
Conconully East, or Blue Goat Mountain. The source data was a 17” X 11” hard copy map with 
legend “U.S. Dept. of Agriculture Forest Service W.B. Greeley, Forester, Chelan National Forest 
Washington, Willamette Meridian, 1922” with sections and geographic features. Highlighted in 
yellow is “1920’s DECADE”, and a penciled key indicates whether fires are Class A (0-1/4 ac), 
Class B (1/4-9.9 ac) or Class C (10+ ac), and colors to indicate whether the fires are lightning or 
human caused. These are scored in the Id field as 0, 1, or 2 for lightning-caused Classes A, B, or 
C, respectively, and 10, 11, and 12 for human-caused classes A, B, or C, respectively. 
Fire-1930s.shp - Fires for the 1930s decade were digitized manually by comparison with the 
Public Land Survey sections layer, when they overlapped orthophotos for any of the quads 
Conconully West, Aeneas Lake, Coxit Mountain, Enterprise, Riverside, Duncan Ridge, Loomis, 
Conconully East, or Blue Goat Mountain. The source data was a 24” X 24” hard copy map with 
legend “U.S. Dept. of Agriculture Forest Service R.Y. Stuard, Forester, Chelan National Forest 
Washington, Willamette Meridian, 1931” with sections and geographic features. A typed legend 
is titled, “LEGEND FOR Volume of Work or Fire Risk Map”, and this is classified by type 
(lightning or otherwise) and classes, e.g., Class A (0-1/4 ac), Class B (1/4-9.9 ac) or Class C (10+ 
ac). These are scored in the Id field as 0, 1, or 2 for lightning-caused Classes A, B, or C, 
respectively, and 10, 11, and 12 for human-caused classes A, B, or C, respectively. 
Fire-1940s.shp - Fires for the 1940s decade were digitized manually by comparison with the 
Public Land Survey sections layer, when they overlapped orthophotos for any of the quads 
Conconully West, Aeneas Lake, Coxit Mountain, Enterprise, Riverside, Duncan Ridge, Loomis, 
Conconully East, or Blue Goat Mountain. The source data was a 24” X 24” hard copy map with 
legend on the back, “U.S. Dept. of Agriculture Forest Service F.A. Silcox, Chief, Chelan National 
Forest Washington, Willamette Meridian, 1937” with sections and geographic features. A typed 
legend is titled, “FIRE OCCURRENCE MAP - 1940-1949”, and this is classified by type (lightning 
or otherwise) and classes, e.g., Class A (0-1/4 ac), Class B (1/4-9.9 ac) or Class C (10+ ac). These 
are scored in the Id field as 0, 1, or 2 for lightning-caused Classes A, B, or C, respectively, and 
10, 11, and 12 for human-caused classes A, B, or C, respectively. 
Grz1, Grz2 - Grid themes grz1 and grz2 were downloaded from Okanogan National Forest as 
grids. They were developed from the North Cascades Grizzly Bear Ecosystem Study (Almack et 
al, 1993) data which used a 1992 Landsat scene with a 57 m cell size. GridPig Clip Grid with 
Polygon was used to clip E-grz1 and grz2 by the polygon clipbox.shp. Grids were projected to 
UTM 11 NAD 1983 with Theme - Reproject Grids 4.0, using second-order transformation, 
nearest neighbor interpolation, and zero cell size. The new cell size was 61.2445.  GridPig - Grid 
Shift was used to move the grid x direction by -109450 meters and the y direction by +5400. 
The grids were saved as new grids in the UTM 83 folder. The cover type polygons from the 
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grizzly bear study were compared with cover type data from this study as well as with newer 
data layers and found to be in general agreement, however the data was less refined and less 
accurate, given that it was developed on a regional scale. The primary use of the grizzly bear 
data was to (1) determine whether the cover types for this study needed to incorporate the 
classification scheme from the grizzly bear data (it did not); and (2) revisit plots and record plant 
cover information in those same areas, 10 years after the initial survey, to determine gross 
features of vegetation change over a decade. 
Lake4.shp - The lakes and waterbodies layer was made by reprojecting walake2_sps83, which 
was processed from walake_sps83 by erasing the features that overlapped with coast and 
cleaning up the remaining non-coastal islands and slivers. The original file, waterbodies, or 
walake_sps83, was reprojected into SPS NAD 1983 from Washington State Department of 
Ecology (WA DOE) file wb100k.zip which was in the SPS NAD 1927 projection. The file 
walake_shift120 was made by shifting this file 120 feet to the east. 
Lancrop.tif - This is a Multi-Spectral Scanner (MSS) TIF multiband satellite image taken in 1991 
and processed as follows. Image Crop Miser Version 2 was used to crop multiband tif images 
prior to projection. The images were converted to grids with Theme - Convert to Grid (convert 
all bands).  Each band was separately projected with Reproject Grids 4.0, using second-order 
transformation, nearest neighbor interpolation, and zero cell size.  GridPig Tools Grid to Image 
with the option 3 grids to make RGB was used to combine the 3 grids back into one multiband 
tif image. This image will be used to help delineate cover type polygons in case the orthophotos 
and aerial photos do not give enough information, and for areas which changed from the prior 
decade.   
Lsat92c.shp - is an unsupervised land classification available from WDFW online and used as a 
generalized vegetation cover type map, for comparison and location purposes when necessary. 
It was processed for this study as follows: (a). The Washington National Land Cover Data was 
download to yield a 300 MB (Geographic Tagged Image File Format) Geo-TIFF  image with 30 
M pixels in the Albers Conic NAD 1983 projection. (b). The Geo-Tiff file was added into an 
Albers View as an Image and the Geo-Tiff file was added to the same view again as an Image 
Analysis Data Source. (c). With the Image Analysis version of the Geo-Tiff image active, the 
Legend Editor was used to get the hue, saturation and value of all the cell values and save these 
in a separate file. (d). The theme was selected and converted to a grid, then added as a grid 
theme to the Albers View. (e). The Reproject Extension was used to change from Albers to SPS 
NAD 1983, interpretation order of 2, using the nearest neighbor interpolation method. (f). The 
cell size was changed to 98.4252 (30m). (g). The color values downloaded from USGS were 
used to re-color the legend in the created grid file to match the classification scheme given 
below. (h). The GridPIG extension was used to shift the coordinates in localized areas where the 
projection was in error. (i). The cell size is 31.9971 m. The grid theme was clipped to the same 
area as the clipbox using GridPIG - Clip grid with polygon and choosing Xquads-shp as the 
polygon. (j). Grids were projected with Theme - Reproject Grids 4.0, using second-order 
transformation, nearest neighbor interpolation, and zero cell size. 
Classification scheme for Lsat92c.shp: 
11 Open Water 
12 Perennial Ice/Snow 
21 Low-Intensity Residential 
22 High-Intensity Residential 
23 Commercial / Industrial / Transportation 
31 Bare Rock/Sand/Clay 
32 Quarries/Strip Mines/Gravel Pits 
33 Transitional 
41 Deciduous Forest 
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42 Evergreen Forest 
43 Mixed Forest 
51 Shrubland 
61 Orchards/Vineyards/Other 
71 Grasslands/Herbaceous 
81 Pasture/Hay 
82 Row Crops 
83 Small Grains 
84 Fallow 
85 Urban/Recreational Grasses 
91 Woody Wetlands 
92 Emergent Herbaceous Wetlands 
Nwi4.shp - NWI Wetlands were reprojected from the wetlands layer downloaded from 
(Okanogan National Forest) (ONF) in 2002 and re-projected from SPN NAD 1927 (Can use 
NAD 27) to SPS NAD 1983. These were shifted as necessary for the best fit to the data. This 
layer is used to help develop the layers for riparian areas, lakes and wetlands. 
Ok_rds - Okanogan County Roads were originally downloaded from the Okanogan County GIS 
MetaData in a projection of SPN NAD 1927 (feet). They were reprojected to SPS NAD 1983 
(meters). This layer is used as an aid to map visualization, and as a data layer for management 
activities. 
Peak2.shp - Peaks and summits was reprojected from ONF data downloaded in 2002 in SPN 
NAD 1927 (but which had metadata files claiming it to be in NAD 1983). This layer is used as 
an aid to map visualization. 
Plswa_u11_83.shp - This is the Public Lands Survey section data, from University of Washington 
Map Collection, Washington Cadastral Framework Database, downloaded from the Washington 
Geospatial Data Archive (http://wagda.lib.washington.edu) site and reprojected. The precision 
of matching with the county parcel layer is 0 to 150 feet. This layer is used for mapping the 
boundaries of the Wildlife area. 
Rd_w_ok2.shp - This layer was downloaded from Methow Valley Citizens Council (MVCC) data 
Okanogan County in UTM 10 NAD 1983 and reprojected to UTM 11 NAD 1983. The 
coordinates of this layer needed to be shifted 370 feet east, and they have a high degree of 
error estimated at about plus-minus 100 feet. This layer is used as an aid to map visualization, 
and as a data layer for management activities. 
Sample.shp – Random plots are assigned to the sample.shp. Waypoints from a survey of the 
upper south end of the area area are stored in waypnt10.shp. The Sample 3.03 extension was 
used to generate a list of 986 random points numbered 0 to 985 within the WDFW shapefile. 
Method is systematic random, 1 point per cell, 1000 points, fixed number of points, random 
origin and random orientation. An external program, randnum.exe was used to randomly sort a 
list of 986 numbers numbered 0 to 985 for use in selecting the stands. These points are 
available for statistical routines requiring random subsamples, for example, they were used to 
select the stands for field surveys and stand exams. 
Shape1own2.shp - Ownership boundary downloaded from the Okanogan County parcel layer 
and reprojected. This layer is used for mapping the boundaries of the Wildlife area. 
Slope1 is the calculated slope from a clipped coverage of e_elv2. This layer was used for 
helping to develop the cover types and will be used for developing prescriptions in phase II. 
Slope35.shp was manually digitized from slope1, while overlaying the orthophotos. The slope 
theme (slope1) was created from the elevation grid, with units in meters distance and elevation. 
The data was classified so that slopes > 35% (nominally 36%) were clearly visible. Areas where 
the ground was more than 50% occupied by slopes greater than 35% were then mapped on a 
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new theme called slope35.shp. It was colored in for slopes <4% when classifying between 
riparian and wetland types. This layer was used for helping to develop the cover types and in 
will be used for developing prescriptions in phase II. 
Stream.shp - Streams reprojected from Wastream.shp which was processed from the 
wc100k.zip layer downloaded from the Washington DOE ftp site with an original projection in 
DD NAD 1983 to a new projection of SPS NAD 1983 . This layer is used to help develop the 
riparian and wetland areas classification, and in developing prescriptions. It is also used as an aid 
to map visualization. 
Twnrgn.shp - This is the Public Lands Survey township data, University of Washington Map 
Collection, Washington Cadastral Framework Database, downloaded from the Washington 
Geospatial Data Archive (WAGDA) site and reprojected. The precision of matching with the 
county parcel layer is 0 to 150 feet. This layer is used for mapping the boundaries of the Wildlife 
area. 
Waypnt8.shp - Waypoints for the plot data are stored in waypnt8.shp. Waypoints were 
established within stands wherever stand exams or eco-assessment plots were established. This 
layer is used to locate points visited on the ground, and to classify cover types. 
Waypnt10.shp is from a survey made on Lemansky Mountain on the southeast end of the SWA. 
This layer is used to locate points visited on the ground. 
Wdfw-dnr.shp - wdfw-dnr.shp was digitized by tracing the boundaries of “Sinlahekin Recreation 
Area” UTM 11 NAD 1983 DRG images for the best fit with the boundary lines in the file 
wdfw_single.shp. This layer is used for mapping the boundaries of the Wildlife area. 
Wdfw_single.shp - The WDFW boundary was digitized by tracing the Okanogan County parcel 
layer Owner shape1own2.shp, over a hard copy township map boundary provided by SWA 
Manager Dale Swedberg. The boundaries of this layer follow the parcel layer closely except in 
the 3 western outholdings, which were shifted about 150 feet. The area of the SWA from 
wdfw_single.shp came to 14,360 ac. This layer is used for mapping the boundaries of the 
Wildlife area. The SWA boundary will need to be further refined as it is in many places not 
aligned with USGS maps of the boundary or section markers. 
Wpt-parking.shp - contains waypoints with an “A” following the plot number designated areas 
where vehicles were parked. These waypoints are stored in wpt-parking.shp. This layer is used 
for mapping the ecology plot locations within the area. 
*.tif - Digital orthophotos in UTM 11 NAD 1983 meters projection - these were left unprojected 
after downloading from the Washington Geospatial Data Archive (WAGDA) site. The TIF 
images are used as base layers for locating all other layers on the GIS maps. 
Grizplots.shp – A regional set of plot locations taken from the North Cascades Grizzly Bear 
Ecosystem Study (Almack et al, 1993). The location of the plots from the 1993 study was used 
to revisit plots in 2003, and re-measure the vegetation. 
Wpt-griz.shp – Historical plots established in the North Cascades Grizzly Bear Ecosystem Study 
and revisited in this study. This is a subset of all of grizplots.shp that occur within the Sinlahekin 
Wildlife area, and was used to revisit plots in 2003, and re-measure the vegetation. 
 
Photo Folder  - The files in this folder contain digital images of stands and plots. The subfolder 
photo-plot-examples contain one or two labeled jpg images of a typical scene of each plot in the 
study. 
 
GIS metadata  
 
(NOTE: See details on the source and method for creating GIS layers is contained in the metadata 
folder, in Appendix B)  
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Section II 

 
Fuels, Fire Risk Data and Preliminary Analysis 

by Michael Dunn 
 

Introduction 
 

This assessment will describe the past and current fuels profile of the Sinlahekin Wildlife 
Area and its associated wildfire risk.  To relate the current fuels profile with that of the historical 
pattern, the use and descriptions of Fire Regimes and Condition Classes will be used.  This will assist 
in achieving the stated objective of the overall project, which is to create the desired future 
condition that is as close as possible to the historic vegetation types found under the historic fire 
regime of the area.  It is important to note, however, that while past fire regimes may be more 
accurately estimated than forest structure and composition (Stephenson, 1999), the natural fire 
regimes of the past are not regimes of the present, nor will they be the regimes of the future (Agee, 
1998b).  

Knowledge of historic conditions can help clarify the types and extent of changes that have 
occurred on the Sinlahekin, and help inform the identification of restoration priorities (Hessburg et 
al, 1999).  However, climates are now different and will be different in the future (Millar and 
Woolfenden, 1999).  Species have been irrevocably added and subtracted, and the modern human 
imprint cannot be eliminated.  Historical reconstruction can provide good estimates of the large tree 
component of the forest types, but are less reliable for herbaceous vegetation or wildlife.  
Nonetheless, careful determination of past conditions is an essential part of deciding what needs to 
be done for restoration of desired future values of the Sinlahekin.  It must also be recognized that 
current conditions on portions of the Wildlife Area may need to be maintained in order to provide 
essential habitat for at-risk wildlife until such time as suitable habitat can be restored more broadly 
throughout the Sinlahekin. 

One risk quantification method is determination of the potential for large, high intensity fire 
and the daily distance of spread for such an event under extreme fire weather conditions that 
escapes initial attack and burns into multiple burning periods.  This risk analysis was retrieved from 
the “Okanogan and Wenatchee National Forests Fire Management Plan”, which analyzed the 
Sinlahekin Valley within Risk Assessment Zone (RAZ) 9.  RAZ 9 is comprised of 47 Fire 
Management Areas (FMAs), five of which affect the Sinlahekin Wildlife  Area.  This analysis was 
performed by the Tonasket Ranger District’s Fire Management Team.  

Specific local fire behavior, interactions within the various cover types of the Sinlahekin and 
the associated scorch and mortality effects in the timbered stands, was predicted using the BEHAVE 
fire behavior modeling system.   The runs are included in the data files. 
 
Fire Regimes and Disturbance Processes 

 
Disturbances are an intrinsic and integral part of ecosystem development (Cooper 1913, 

Raup 1957, Oliver 1981, Pickett and White 1985).  On the forested lands of eastern Washington, 
ecosystems developed in concert with, and are subject to, a variety of natural, introduced, and 
altered fire regimes.  A fire regime refers to an integration of disturbance attributes including type, 
frequency, intensity, duration, and extent (Pickett and White 1985).  Natural disturbances include 
fire, insects, pathogens, wind throw, and weather.  Introduced disturbances include livestock 
grazing, mining, timber harvesting, roading, insects, and pathogens.  Historic fire regimes have been 
altered by management activities including fire exclusion, livestock grazing, and timber harvesting.  
Potential global climate change may further impact fire regimes. 
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In the Sinlahekin Valley, patterns of vegetation and their associated fire regimes are strongly 

influenced by landforms, topography, physiography, and orographic precipitation gradients.  
Historically, this template acted as an environmental sieve or filter under which regional floral and 
faunal diversity developed.  Altered vegetation patterns and their associated fire regimes create 
conditions beneficial to some species, but put other species at risk.  More importantly, altered fire 
regimes potentially destabilize ecosystems and landscapes, thus creating conditions that may 
promote unprecedented catastrophic disturbance events.  In turn, they may seriously reduce 
ecosystem resiliency – the ability to return to prior levels of productivity.   

Some of the most altered vegetation patterns and fire regimes in the forest types of Eastern 
Washington are within the dry forest types: particularly those in the ponderosa pine and Douglas-fir 
series.  Fire regime alterations are primarily a result of fire exclusion, and have been exacerbated by 
certain timber harvesting practices, e.g., selective harvesting for all large tree removal, and grazing 
practices.  Altered fire regimes in dry forests greatly affect the sustainability of adjacent, more mesic 
forest types.    

Fire exclusion in the last 100 years has been the primary disturbance risk in determining the 
vegetation pattern in the Sinlahekin. Prior to this time fire was the primary disturbance factor in 
determining the vegetation patterns in the Sinlahekin.  Increased risk of damage by insects and 
pathogens within some forest types is directly tied to the increased risk of catastrophic wildfires 
within these forests.   

In order to aid management analysis efforts, five fire regime classes have been identified as 
discussed in “Mapping Historic Fire regimes for the Western United States: Integrating Remote 
Sensing and Biophysical Data” (Hardy et al 1998).  They reflect fire return intervals and severity. 

 
I. <35 years/non-lethal (mostly forested areas) 
II. <35 years/stand replacement (grasslands and shrublands). 
III. 35-100+ years/mixed severity. 
IV. 35-100+ years/stand replacement. 
V. 200+ years/stand replacement. 

 
Spatial data describing the historic fire conditions under which specific vegetation 

communities have naturally evolved and have been maintained have been developed for each Land 
Type Association (LTA).  Historic fire regimes may or may not represent the absence of significant 
human-caused activities, which could and have altered vegetation communities.  According to 
research conducted from the Wenatchee Forestry Sciences Lab, historic fire regimes began to 
change approximately 100 years ago.  This interpretation attempts to represent fire regimes 
occurring over 100 years ago.  Historic fire regimes will be described in terms of both frequency 
and severity.  The factors used in developing the interpretation are potential natural vegetation 
zones and terrain features.  Weather is a critical, but a variable factor that was held as a constant for 
the development of this interpretation.   

 
Fire regimes of the Sinlahekin: 
 
I <35 year, non-lethal in predominantly forested areas 

Historic fire intervals were less than 35 years and were seldom stand replacement.  Local 
information indicates that historic fire regimes were less than fifteen years between return intervals, 
low intensity resulting in ground fires, and that crown fires were rare (Everett).  These low severity 
fires covered several thousand acres, with larger burns of 10,000 to 30,000 acres occurring every 
10 to 20 years (Everett, Camp, and Schellhaas, 1995).  Landtype Associations likely supported single 
storied open canopy forest communities inferring continental (hot/dry to warm/dry) climatic 
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conditions.  Grasses, forbs, and some low level woody shrubs generally dominated forest 
understories.  Downed woody debris would have been much less than 15-tons/ acre and would 
have been subjected to repeated ground fires and would have been eventually consumed by 
ground fire.  Duff layers would have been less than an inch in depth and in many areas non-existent.  
Climatic and soil/site features inferred that available soil moisture as limiting and that surface soils 
were almost always dry during summer months. 

This fire regime is one of the most prevalent types on the forests of Eastern Washington.  It 
occupies sites with precipitation up to 45 inches a year, but is generally found in area receiving less 
than 25 inches.  The Douglas-fir and ponderosa pine series are the most xeric of the inland forest 
(Lillybridge et al. 1996).   

 
Historic Conditions 

The historic landscape was dominated by an uneven –aged park-like structure (fire climax), 
composed of small (<1 acre) even-aged clumps of trees (Agee 1994, Agee 1993, Avery et al. 1976).  
Large, old (250-400 years) trees tended to dominate the landscape with continuous herbaceous 
understories.  Open, parklike stands once dominated by ponderosa pine have been replaced with 
dense stands of immature ponderosa pine and Douglas-fir.  Exclusion of fire has allowed 
microclimates to change becoming more favorable for the shade tolerant species and inhibiting 
regeneration of ponderosa pine. 

Riparian areas, northerly aspects, and other mesic sites were the exception to the open, 
park-like landscape of the low and mid-elevation inland forests.   

Prior to Euro-American settlement, the primary disturbance within dry forest types in Eastern 
Washington was frequent, low intensity ground fires of natural and anthropogenic origin.  Fire-return 
intervals within ponderosa pine and Douglas-fir ranged from 7 to 33 years (Wischnofske and 
Anderson 1983, Everett and Schellhaas, unpublished manuscript).  Frequent fires kept fuel levels 
low, prevented the establishment and growth of thin barked, shade-tolerant species, and 
perpetuated early seral species, particularly ponderosa pine.  Frequent underburning resulted in one 
or two canopy layers and discontinuity between tree crowns and ground fuels.  Scattered large, 
open grassy areas on thin soils were almost as distinctive as the park-like stands of ponderosa pine 
(Hessburg and others 1994). 

Insects and pathogens played a role in these simplified forest ecosystems, contributing to 
the development of important wildlife habitat, nutrient cycling, and stand and landscape-level 
diversity.  Historically, insects and pathogens within the dry forest types operated at the individual 
tree or small patch level.  Insects and pathogens acted in concert with fires to reduce stand density. 
Trees scorched, but not immediately killed, by low intensity ground fires were susceptible to attack 
by pine engravers beetles and Douglas-fir beetles.  Armillaria root disease killed small numbers of 
trees weakened by overcrowding, drought, or fire.  Fire scars provided infection courts for decay 
organisms, which in turn created conditions favorable for macro invertebrate wood decomposers, 
especially carpenter ants.  Freshly killed trees were soon invaded by woodborers that provided a 
food source for woodpeckers and created tunnels that facilitated the entry of other wood-
decomposing agents.  Parasitic dwarf mistletoes were kept in check by the fire regime.  Heavily 
infected trees were likely to torch as ground fires climbed into the crowns of infected trees on 
resinous stems, dead branches, and brooms (Weaver 1974). 

Western pine beetle was the most important disturbance agent, besides fire, in historical dry 
forest types.  Large, old ponderosa pine is the preferred host of the western pine beetle (Keen 1943, 
Wickman and Eaton 1962).  Beetles killed lightning-struck trees, trees infected with root diseases, 
and trees unable to resist attack because of age or competition-induced stress.  During periodic 
droughts such as occurred during the 1920’s and 1930’s, forests dominated by large ponderosa 
pine sustained outbreaks of this insect (Miller and Keen 1960).  Ponderosa pine snags provided 
nesting habitat for cavity excavators and secondary cavity users.  Birds and other insectivores 
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exploited the insects within beetle-killed trees.  When they fell, these snags became logs, providing 
habitat to other vertebrates and decomposers.  Log longevity in historic pine forests is not known, 
but frequent fires probably consumed many, if not most, within several decades. 
 
II <35 year stand replacing in grasslands and shrublands     

This fire regime is generally found below, or as small inclusions within fire regime I, usually 
related to topographic changes and located mostly in deep canyons on south and west aspects.  
Fire return intervals and fire size are similar to those found in fire regime I.   They are part of the 
steppe region described by Daubenmire (1968).  Grassland/shrubland sites are not capable of 
supporting a forested community or if they are historic fire frequency kept trees from becoming 
established.  A few conifer trees may exist in isolated micro-sites sufficient to support limited forest 
community development.  Canopy closure is generally less than 10% where trees exist.  Canopy 
closure, or canopy density, is measured as a percentage of tree limbs blocking sunlight from 
reaching the forest floor.  The climax shrub communities of the eastern Cascades provide diversity 
to the landscape as part of a vegetative mosaic (Johnson et al. 1994).   

Climax shrublands are communities where shrub species are the dominant plant form, 
whereas grasslands are dominated by grass species.  Climax is a relative term meaning the endmost 
successional stage of a plant community before it is subjected to a disturbance significant enough to 
change the plant community complex. It is a nebulous and temporary state. 
 
Historic conditions 

Under historic conditions, vegetation within this fire regime was predominately native bunch 
grasses, and balsamroot, the direct result of frequent fires.  Shrub species were likely confined to 
more mesic sites such as draws or more northerly exposures, gradually spreading over the 
landscape until the next fire burned over the site once again resetting the successional clock to 
native grasses.  Historic fire intervals necessary for a stand replacing fire in mountain 
grasslands/shrublands were less than 35 years. Historic fire severity would be low due to fire timing 
when most grass communities would have already completed their annual growth cycle and were 
likely already semi dominant resulting in little damage to these communities.  In most cases the fires 
served to invigorate resprouting and also supported seed germination of many plant species.  Lower 
elevation sites with southerly aspects likely supported grass/shrub lands with widely scattered 
ponderosa pine trees that inferred continental (hot/dry) climatic conditions.  Downed woody debris 
was very uncommon and was less than 5 tons/acre.  Coarse woody debris would have been 
subjected to repeated low intensity ground fires.  Surface organic layers ranged from non-existent to 
over two inches in depth comprised almost entirely of decaying grass roots.  Surface soil colors 
reflect the influence of herbaceous communities and are generally darker than adjoining forest soils.  
Climatic and soil/site features suggest that available soil moisture was always limited and that 
surface soils were almost always dry during most of the summer months.  This lack of available 
moisture would have been an important ecological process strongly influencing vegetation form 
and patterns. 
 
Fire Regime Condition Class  

 
Condition classes are a function of the degree of departure from historical fire regimes 

resulting in alterations of key ecosystem components such as species composition, structural stage, 
stand age, and canopy closure.  One or more of the following activities may have caused this 
departure:  fire exclusion, timber harvesting, grazing, introduction and establishment of exotic plant 
species, insects or disease (introduced or native), or other past management activities. 
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Condition Class Attributes Example Management 
Options 

Condition Class 
1 

• Fire regimes are within or near an 
historical range. 

• The risk of losing key 
ecosystemcomponents is low. 

• Fire frequencies have departed from 
historical frequencies (either increased or 
decreased) by no more than one return 
interval. 

• Vegetation attributes (species 
composition and structure) are intact and 
functioning within the historical range. 

Where appropriate, these 
areas can be maintained 
within the historical fire 
regime by treatments 
such as prescribed fire 
use. 

Condition Class 
2 
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Condition Class 
3�Fire regimes 
Condition 
Class 
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Fuel Models 
 

Northern Forest Fire Laboratory’s (NFFL) BEHAVE computer modeling program was used to 
aid determination of  potential fire behavior under differing weather conditions.  Fuels were 
classified into four groups; grass (fuel models 1,2,3), brush (4,5,6,7), timber (8,9,10), and slash 
(11,12,13).  The difference in fire behavior among these groups is related to fuel load and its 
distribution among the fuel particle size classes, e.g. fuel size, arrangement, and continuity.  Fuel 
models are used to describe the “primary carrier” of fire.  For example, in fuel model 9, there is a 
canopy of ponderosa pine with needle cast, grass, and dead material on the ground.  Even though 
trees are present, the primary carrier of the fire will be the fuel on the ground.  Each fuel group has a 
range of fuel loads for each size class.  Fuel load and depth are significant fuel properties for 
predicting whether a fire will be ignited, its rate of spread, and its intensity.   

Fuel loads were determined using PNW-52 “Photo Guide for Appraisal of Downed Woody 
Fuels”.  This publication is a series of photos used in the field to quantify amount of ground fuel. 
 
Fuel Models and Fire Behavior  
  Fuel Model  Tons per 

     acre 
Fire Behavior 

1 – grass 0.75 Fire spread is governed by the fine, very porous, and 
continuous herbaceous fuels that have cured or are nearly 
cured.  Fires are surface fires that move rapidly through the 
cured grass and associated material.  Very little shrub or 
timber is present, generally less than 1/3 of the area. 

2 – grass 4 Fire spread is primarily through the fine herbaceous fuels, 
either curing or dead.  These are surface fires where the 
herbaceous material and litter and dead-down stemwood 
from the open shrub and/or timber overstory contribute to 
the fire intensity. 

8 – timber 5 Slow burning surface fires with low flame lengths (less than 
2 feet) are typical, although fires may encounter occasional 
heavy fuel concentrations that can flare up and torch out 
individual trees. 

9 – timber 5 Fires run through the surface litter faster than model 8 and 
have greater flame height.  Concentrations of dead and 
down woody material will contribute to possible torching of 
trees, spotting, and crowning.  

10 – timber 12 Fires burn in the surface and ground fuels with greater fire 
intensity than the other timber models.  The absence of fire, 
over-maturity, or natural events such as insects and 
pathogens result in greater quantities of larger (>3 inch) 
dead material on the forest floor.  Crowning out, spotting, 
and torching of individual trees are frequent in this fuel 
situation, leading to potential fire control difficulties. 

11 – slash 11 Fires are fairly active in the slash and intermixed herbaceous 
material.  The spacing of the rather light fuel load, shading 
from the overstory, or aging of fine fuels may contribute to 
limiting the fire potential.    
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Co
 

an

nclusions on Current and Inherent Fire Regime Disparity 

Specific to the Sinlahekin Wildlife Area, fire exclusion, grazing, insects, and the introduction 
d establishment of non-native plant species (weeds) are primarily responsible for altering the 

current fire regimes from historic regimes.   
In fire regime I, fire exclusion in the Sinlahekin has led to higher tree densities within most of 

the ponderosa pine forested types in the valley and Douglas-fir types on the northerly slopes.  These 
forested types have missed 7 to 10 fire-return intervals, compared to their historical fire regime.  
Dead trees, logs, limbwood, needle litter, and duff layers that would normally be consumed with 
periodic and frequent, low-intensity ground fire, have now accumulated to the point where fire 
behavior resulting from a wildfire would lead to high mortality rates within the residual stands.  
Without regular natural fire pruning of lower live limbs, torching and high mortality rates of these 
large-diameter trees can now be expected.  Observations from recent fires in central Washington 
have determined that the bases of crowns of 16-inch dbh trees and larger are 10 to 25 feet above 
ground level.  Stress from recent drought conditions has also weakened many trees that are now 
susceptible to beetle attacks and consequent mortality.  Past group (What is Past group?) mortality 
is now collapsing, producing a large fuel load of 1000-HR fuels, thus converting an NFFL fuel model 
9 to a 10.  On the northerly slopes of Cecille and Sinlahekin Creeks, Douglas-fir dwarf mistletoe has 
created ladder fuel conditions conducive to the initiation of stand replacement crown fire. 

In fire regime II, ground fuels do not appear to have accumulated significantly from the 
absence of fire.  In many of the lands associated with fire regime II, past land management activities 
have been conducive to the introduction of non-native plant species, such as weeds.  Grazing has 
also contributed to this process, as well as reducing fine fuels available, thus affecting the rate of 
spread of a potential fire, which may be perceived as a positive management tool.  Grazing and fire 
exclusion has also favored shrubby and woody vegetation over grass and forbs. 

Firebreaks in the Sinlahekin consist of roads, lakes, creeks, streams, talus slopes, boulder 
fields, trails and cliff faces.  Roads are the most reliable continuous breaks that can be used during 
wildfire events and controlled burns.  Lakes are an asset as a water source and as anchor points for 
fire lines.  Cliff faces and talus slopes, while appearing at first to provide natural fire barriers, are 
found to contain numerous pathways for fire to travel.  The steepness and accessibility of these 
features limits the practicality for use as firebreaks. 

   
Risk Assessment 
 
The Risk Assessment for the Sinlahekin Wildlife Area incorporates the analysis from the 

Okanogan and Wenatchee National Forests Fire Management Plan.  The forests used the seven 
watershed sub basins for Fire Management Units (FMU).  The Sinlahekin Wildlife Area falls within 
the Okanogan River Basin FMU analyzed by the Tonasket Ranger District’s Fire Management Team, 
VanWoert, Lind, and Barton-Wood.  This information was intended for other incorporated and/or 
neighboring agencies or jurisdictions for use in their Fire Management Plans.   Within the Okanogan 
River Basin FMU, Fire Management Areas (FMA) were delineated. 

FMAs are defined as sub geographic areas within a FMU that represents a predefined 
management area for a wildfire managed for resource benefits (Wildland and Prescribed Fire 
Management Policy, Implementation Procedures Reference Guide, 1998).  Although FMA 
developed around the Sinlahekin area are unsuitable for wildland fire use and the policy does not 
apply to lands and jurisdictions managed by other than the USFS the identification of FMA is still 
valuable for use in fire planning.  The process used to determine FMA boundaries was driven by 
three fundamental characteristics that influence fire spread and fire severity; fuels, weather, and 
topography.  In addition, other items also considered for use in FMA boundary development 
included: land allocations, fire regimes, land ownership patterns, and values at risk.  While these 
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items are important for consideration, ultimately, “Fire knows no boundaries”, other than those that 
naturally or artificially occur across the landscape creating breaks in fuel continuity.  FMA 
boundaries were delineated in areas where natural, existing, or potential fuel breaks/control lines 
could be identified, such as creeks, roads, trails, or areas that offered opportunity to improve trail, 
construct hand line, dozer line, create shaded fuel breaks, or utilize water dropping helicopters.    

Once FMAs were identified, 11 Risk Assessment Zones (RAZs) were developed by a 
combination of contiguous FMAs within the Okanogan Water Basin.  The number of FMAs 
associated with the Sinlahekin are all within RAZ 9.  The risk assessment analysis of the RAZ uses 
Rare Event Risk Assessment Process (RERAP) to assess long-term fire risk. This process is used to 
project where and how far an unchecked or uncontrolled fire will go until it stops with a season-
ending, meteorological event or control efforts.  This analysis is very gross in scale and topographic 
features such as rock cliffs can skew the results.  Rock was analyzed as an NFFL fuel model 8.  And 
while this is a programmatic assessment, it can provide the land manager with an assessment of fire 
conditions.   

RERAP develops a risk analysis based on historic weather information retrieved in FireFamily 
Plus which processes National Fire Danger Rating System (NFDRS) weather data files into NFDRS 
indices and components and prepares files for analysis.  Three program modules are used.  SPREAD 
is used to determine common daily spread, spread from rare spread events, and the frequency of 
those rare spread events.  TERM and RISK evaluate season ending events for wildland fire use 
applications that do not apply to the Sinlahekin, as surrounding private and DNR ownership require 
that all wildfires be suppressed.   

Five time periods of potential fire spread were assessed to determine existing risk during 
wildfire season: 

June1-30 
July 1-31 
August 1-31 
September 1-30 
October 1-31 
 
Calculations are very broad in nature and not site specific.  Information was obtained from 

local Tonasket Ranger District fire personnel and the team was very comfortable with this source of 
information.  First hand knowledge of fire behavior, fuel type, and topography was beneficial in 
determining spread rates and hours of spread.   

 
Results 
 
Fires starting on the Sinlahekin Wildlife Area will generally spread to the North and West.  

They will be very active on the valley floor and gentle slopes with primarily ponderosa pine until 
they reach the base of the talus and rock walls.  Here, rates of spread will be reduced and caused 
by individual tree torching and spotting.  There is a 44% to 100% probability that wildland fires 
spreading to the north and west in Risk Assessment Zone 9 can be expected to spread up to three 
and one half miles in June, July, and August when gone unchecked by escaping initial attack efforts.  
Uncontained fires starting in September will have greater than a 38% probability of spreading north 
one mile.   

Fires spreading South in RAZ 9, starting in June or July, have greater than 45% chance of 
spreading up to one mile per day when gone unchecked.  There is less than 45% probability of 
south spread more than one and one half miles for starts in both June and July.  August fire starts 
have more than a 38 % chance of spreading up to one half mile, and less than 30% probability of 
spreading more than one mile.  September and October fire starts have less than 11% chance of 
spreading south more than one half mile or more.   
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East spread from wildland fire starts will burn the least actively in RAZ 9.  All fire starts have 
less than 41% probability of spreading east over one half mile.   

When considering these probabilities of unchecked daily spread rates for the months of 
June through October, fire management in the Sinlahekin can consider the use of prescribed fire 
and the calculated risk of prescribed fire for particular months of the burning season.  Any use of 
prescribed fire involves some level of risk.  Risk can be managed with the proper planning or can be 
considered ”bad” risk, where historical and forecasted conditions suggest spread to likely breach 
the maximum allowable area of a particular prescribed fire project.  It would appear from this 
analysis that prescribed fire opportunities would best be taken prior to the month of June in the 
spring, and from mid-September to November, depending on moisture conditions. 
 
Fire Behavior and Fire Effects Interactions of Cover Types 

 
1. Grasslands and shrub steppe with less than 10% tree or shrub cover (Not Grazed) 

 
Fires burning in ungrazed grasslands with less than 10% tree or shrub cover will be rapidly 

moving, horizontal surface fires that will result in the loss of larger ponderosa that have low hanging 
limbs and deep layers of needles around their bases.  Because of low limbs, ladder fuels (low limbs 
that provide a path for fire to travel; the steeper the slope, the higher percentage of individual trees 
lost.  The grasslands in the Sinlahekin Valley that are not grazed are best represented by NFFL fuel 
model 1. 

Forward rate of spread can be as low as 22 feet per minute on a 0-10% slope under a 2 
mph midflame windspeed and 300 ch/hr on a 50% slope driven by an 8 mph wind. 

Flame lengths can be between 2 and 8 feet, while averaging 4 feet on a gentle slope under 
average summertime winds. 

Depending on slope, wind and fuel loads these flame lengths may produce scorch heights 
of 11 to 56 feet. Without mechanical fuels reduction, pruning and thinning 16% to 90% of these 
trees may be lost to a fire burning in the grassland cover type.  

At these rates of spread, fire starts within the grassland communities would certainly move 
through them and into the more heavily canopied stands of pine and ultimately the rock walls.   

There is zero crown fire risk in the grassland/shrub steppe areas.  Even though individual 
remnant trees could torch out, there is not the canopy to support crown fire. 

It is in these cover types where pruning and scattering of lower live limbs would be an 
effective treatment in attempting to maximize the retention of the larger remnant “legacy” trees 
through a wildfire event.  A wildfire under a high wind event would most likely render any 
treatments futile with 35 to 55-foot scorch heights, but would certainly pay off under average wind 
conditions, particularly on slopes of less than 40%.   

 
2. Grazed grasslands  

 
Fires burning in grazed grasslands will be horizontal surface fires with slower rates of spread 

than ungrazed grasslands, resulting in a lower rate of mortality of the larger ponderosa pine.  None 
of the conventional NFFL fuel models represents this condition. 

Forward rate of spread can be as low as 4 feet per minute on a 0-10% slope under a 2 mph 
mid-flame wind speed and 66 feet per minute on a 50% slope driven by an 8 mph wind.   

Flame lengths can be between 0.5 and 4 feet, while averaging 1 foot on a gentle slope 
under average summertime winds.   

Depending on slope and winds, these flame lengths may produce scorch heights of 1 to 11 
feet.  16% of trees with an average diameter at breast height of 16 inches may be lost to a fire 
burning in grazed grasslands.  
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At these rates of spread, fire suppression efforts would be highly successful and the use of 
aerially delivered retardant, foam, or water very effective.   

There is zero crown fire risk in the grassland/shrub steppe areas.  Even though individual 
remnant trees could torch out, there is not the canopy to support crown fire. 

Pruning and scattering of lower live limbs would be an effective treatment in maximizing the 
retention of the larger remnant “legacy” trees through a wildfire event, even above 90th percentile 
weather conditions.   

 
3. Grasslands and shrub cover with less than 50% tree cover 

 
Fires burning in stands of less than 50% ponderosa pine tree and/or shrub cover, where the 

primary carrier of fire is grass, will be rapidly spreading surface fires.  Fuel model 2 best represents 
these conditions.  The herbaceous material, either curing or dead, in addition to litter and dead-
down stemwood from the open shrub or timber overstory will contribute to the fire intensity.  

Forward rate of spread will range from 11 feet per minute on a 0-10% slope with 2 mph 
mid-flame wind speed to 107 feet per minute on a 40% slope driven by an 8 mph wind.  In the 
Sinlahekin Valley, these cover types are generally found on average 20-30% slopes and, burning 
behind a typical 4 m.p.h. midflame windspeed, can produce approximately 30 chain/hour forward 
rates of spread.    

Flame lengths can be between 2 and 10 feet, while averaging 6 feet on a gentle slope under 
average summertime winds.   

Depending on slope and winds, these flame lengths may produce scorch heights of 12 to 85 
feet in the Sinlahekin.   Depending on terrain, 19 to 95% of trees averaging 60 feet tall may be lost 
to a fire burning in these cover types on a 90-degree mid-summer day.  

At these rates of spread, fire starts within these communities would certainly move through 
them and into the more heavily canopied stands of pine and ultimately the rock walls of the 
Sinlahekin Valley.   

Crown fire risk is low.  Individual trees and small groups of trees could torch out, but there is 
not the canopy to support a sustained crown fire. 
 
4.  Ponderosa pine stands of greater than 50% crown cover (Fuel Model 9) 

 
The stands of greater than 50% crown cover can generally be found at the base of the side 

walls of the valley.  These are pine stands arranged in “stringers” running parallel between the open 
pine stands and the talus/rocky slopes.  They serve as travel corridors for the deer populations and 
are at a moderate risk for high intensity fire.  These stands are represented by NFFL fuel model 9 
where the primary fire carrier is pine needles.  Stand density and concentrations of dead-down 
woody material from beetle kill will contribute to torching and ultimately crowning.  Long-range 
spotting would be common. 

These “stringers” are generally on 20% slopes where they meet the steeper talus walls. 
Forward rate of spread can be between 1 and 22 feet/minute, depending on wind velocity.   

Flame lengths will average 1 to 5 feet.   
Depending on slope and winds, these flame lengths may produce scorch heights of 4 to 17 

feet, producing 9% mortality.  
Crown fire risk is moderate.  Individual trees and small groups of trees are likely to torch out, 

and there is the crown closure to support short runs through the canopy. 
 
5.  Ponderosa pine stands of greater than 50% crown cover (Fuel Model 10) 
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Some of the stands of greater than 50% crown cover have experienced higher levels of 
endemic mortality, either caused by insects, stress from densities that are too high for the site to 
sustain, and/or droughty conditions from recent years.  Trees that have died are now collapsing and 
building a fuel profile consisting of pockets of heavy dead-down fuels, greater than 9 inches in 
diameter.  These stands are represented by NFFL fuel model 10 and can mostly be found along the 
western edge of the valley bottom from Conner Lake to Sinlahekin Creek.  Stand density and 
concentrations of dead-down woody material from beetle kill will contribute to torching and 
ultimately crowning fires.  Long-range spotting would be common. 

These are “stringers” as referred to in #4 above and also are on less than 20% slopes where 
they meet the steeper talus walls.  Forward rate of spread can be between 1 and 24 feet per 
minute, depending on wind velocity.  Flame lengths will average 2 to 9 feet.  Depending on slope 
and winds, these flame lengths may produce scorch heights of 12 to 66 feet, producing 20 to 98% 
mortality.  Crown fire risk is high.  These stands are likely to experience active and sustained crown 
fire in their entirety. 

Prescribed fire alone will not reduce the high fire risk potential.  Only by mechanically 
thinning, both commercially and non-commercially, followed by prescribed fire, will the high fire risk 
be reduced.    

 
 

6.  North aspects comprised primarily of Douglas-fir 
 
Northerly aspects consisting primarily of stands of Douglas-fir can generally be represented 

by NFFL fuel model 8.  These stands are located along Cecile and Sinlahekin Creeks, the slope east 
of Blue Lake and southwest of Fish Lake and small lenses on northerly aspects in the southeast of 
the Sinlahekin Wildlife area.    

These northerly aspects are on slopes of greater than 40 %.  Forward rates of spread will 
average between 2 and 5 feet per minute.  Flame lengths at the flaming front of a fire in these areas 
can be expected to be 1-2 feet.   

Two-foot scorch heights will produce approximately 16% mortality to a stand of 12” dbh 
Douglas-fir.  Larger trees will experience less mortality.   

Fires burning on these northerly slopes will generally be slow-burning ground fires with low 
flame lengths as described above, except when “jackpots” or heavy concentrations of down woody 
fuels are encountered.  Under greater than 90th percentile fire weather conditions involving high 
temperatures, low relative humidities, and high winds, these “jackpots” when encountered will 
produce torching and spotting.   

With the ladder fuels, high ground fuel loadings and dwarf mistletoe present in Cecile Creek, 
crown fire of large areas of the slopes are likely.  These stands have a high crown fire risk. 

The northerly aspects in Sinlahekin Creek are rocky with mature trees in a more scattered 
arrangement.  Mistletoe crowns extending to the ground will lead to torching of the whole tree 
and/or small groups of trees.  Fire will spread through spotting, but crown fire is unlikely.   

 
7.  Talus and rocky valley walls 

 
The west and east walls of the Sinlahekin Valley are extremely rocky.  This will have a 

profound effect in fire behavior.  Talus slides will retard fire spread, but will not completely stop an 
active fire.  Where vegetation is sparse, but scattered trees can be found, fire behavior will resemble 
that of a fuel model 8.  Rates of spread at 5 feet per minute with 2-foot flame lengths would be 
common.  Where the base of the crowns of the scattered trees are low to the ground or where 
Douglas-fir dwarf mistletoe extends to the ground, torching and spotting will be the likely means of 
spread.   
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Light vegetation of short grass and brush found between the talus and rocky slides are 
e sentative of a fuel model 1.  On these slopes, rate of spread of up to 4 miles per hour would 

mmon.  50-80% mortality caused by torching and then spotting could be expected on these 
.  Where the presence of rock is more profound, mortality would be less.   

The top of the valley would likely be reached by fire prior to suppression efforts.  
n ainment opportunities would only exist at the top or bottom of these walls.   

 
gged and thinned areas 

 
The areas at the southern end of the Sinlahekin that have been logged and thinned are 

ented by NFFL slash fuel model 11.  Fires can be fairly active in the slash and herbaceous 
ial intermixed with the slash.  The spacing of the somewhat light fuel load will contribute to 
g the fire potential. 

These areas are generally on the valley bottom of slopes less than 20%.  It would be 
on for fire with flame lengths between 2 and 5 feet to travel at 3-12 feet per minute. 

Crown scorch heights of 13-18 feet would produce mortality levels of 12 % in a stand of 
bh ponderosa pine.  To reduce that mortality level, prescribed underburning in the spring or 

a   hand piling and burning is recommended.   
It is also recommended that future timber sale plans collect a deposit from the purchaser to 

 the costs for these treatments. 
 

le Management Options 
 
The Sinlahekin Valley is made up of too numerous, differing conditions at the stand level to 

der any type management treatment at the landscape level impractical.  In the Sinlahekin, “one 
oes not fit all”.  At the stand level, management options to reduce fire hazard and risk include 
ribed fire and various thinning treatments, and combinations of these treatments, carried out at 

n als over the years.  These treatments are referred to as “active restoration” treatments.  Like 
isturbances, prescribed fires and thinning will interact with other events such as grazing and 

n e t infestations.  
Prescribed fire can reduce fuels and fire hazard.   These burns are normally executed when 

oistures are moderate in the spring and late fall and burn with a lower intensity than wildfires.  
se they are less intense and severe than most contemporary wildfires, they are less likely to 
ge soils or kill overstory trees. 

Thinning treatments are another management option.  With different types of thinning 
ents, such as thinning from below, thinning from above, or crown release thinning, a variety 

est structures can be created, depending on existing conditions and desired future condition.  
ing methods can be used to lower the crown bulk density, decrease the connectivity of 
ns, and remove intermediate layers that carry surface fire to tree crowns.   

However, thinning does not automatically reduce fire hazard.  With fewer trees to block 
and sun, wind speeds are higher in thinned stands, and ground fuels dry out faster.  If the trees 
re left on the ground, the untreated slash raises the ground fuel load significantly.     

In all types of thinning, if the slash is not treated, the risk of intense or crown fire is 
sed.  If the surface fuels are treated, then thinning will decrease potential fire intensities in 

the stand.  Thinning can open up the stand canopy to a point where crown fires would have 
difficulty getting started or sustaining.   

Pruning the lower live limbs of larger, older trees can also be an effective tool in maximizing 
survival rates of these trees in the event of a wildfire.   

The specific history in the Sinlahekin Valley of fire, logging, drought, grazing, and farming 
has produce varied and individual stands.  No one particular treatment or mix of treatments is 
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correct for all stands, nor practical for the cost to benefit tradeoff.  Within an active restoration 
approach, there are a variety of choices, including prescribed burning, thinning to various densities, 
hand piling of slash, combinations of thinning and burning, and placement, timing, and frequency of 
treatments.  This would also include considering no management treatment at all in some areas, 
such as the talus, rocky valley walls and some of the northerly aspects.  It must be recognized that 
current conditions on portions of the Wildlife Area, such as portions of the riparian reserves, may 
need to be maintained in order to provide essential habitat for at-risk wildlife until such time as 
suitable habitat can be restored more broadly throughout the Sinlahekin. 

Active restoration would not create replications of historical forests.  Conditions have been 
changed irrevocably.  Some tenacious nonnative plant species have been added and climates are 
different.  The historical range of variability is useful, but not as a target recipe for desired future 
condition.  It does, however, provide information about what direction can be taken with 
restoration and reducing fire risk.  In the end, risk can only be managed, not eliminated.   
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III.B. Glossary 

 
cover type: the type of vegetation (or lack of it) growing on an area, based on minimum and 

maximum percent cover of the dominant species, species group or non-living land cover (such 
as water, rock, etc.). The cover type defines both a qualitative aspect (the dominant cover type) 
as well as a quantitative aspect (the abundance of the predominant features of that cover type). 

GIS: Geographic Information System, a computer program used to manipulate geospatial and 
geographic data. 
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GPS: Global Positioning System, a satellite receiver used to obtain on-the-ground geographic 
positions sent via satellites. 

relational database: a group of databases which are connected to each other by a “key field” 
present at the beginning of each database. 

key field: a string of text present at the beginning of two or more databases which serves to connect 
them together. 

waypoint: a coordinate pair stored in a global positioning system (GPS*) that specifies the latitude 
and longitude of a geographic location. 

canopy density: the vertical projection of the tree canopy onto an imaginary horizontal surface 
representing the ground surface. Canopy density represents the amount of skylight that is 
intercepted before it strikes the forest floor, and it is usually given as a percentage of the total 
sky visible, and for this project understood to refer to coniferous trees unless explicitly noted as 
deciduous. 

orthophoto: digital raster scans of images which are georeferenced to lie within a given 7.5’ USGS 
quadrangle. 
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Section IV 
 

Appendix A - Protocol and Data Dictionary for Sinlahekin Plots 
 

Contents of Appendix A 
A.1. Protocol for ecology plots and stand assessments (including personnel performing work) 

a. Detail plot - ecology plot with permanent transect information (Dave Demyan, Lorah Waters, 
Sherri Farmer). 

b. Stand exam & sub-plots - silvicultural stand exams and associated gridded sub-plots (Bob 
Clark; Lorah Waters, Sherri Farmer) 

c. Eco-Assessment plot - ecology plot summarized by stand (George Wooten, Lorah Waters, 
Sherri Farmer) 

A.2. Data Dictionary for Database Records (George Wooten) 
A.3. Species codes (George Wooten) 
A.4. Plant Community / Associations Key (George Wooten) 
 

A.1. Protocol for ecology plots and stand assessments 
a. Detail plot (Transect Permanent Plot) 

 
Note: Eco-Assessment Data Sheets will be used to enter data for Transect Permanent plots, however 
not all stands will have all of the transect permanent plot information.   
 
I. Locate Transect Plots (Detail Plots) in the field 

A. Select the plot that is representative of the stand.  
B. Mark Point A 

1. Place stake at point A which is within 90 meters of plot center so as to cross the 
area that is most representative of stand conditions. 

2. Measure distance from point A to tagged landmark  
a. Use tape or laser rangefinder and note method used 
b. Possible landmarks - legacy tree, rock, large snag, hilltop, road, culvert, etc. 

3. Note tag # and type of landmark 
C. Select point B; 30 meters east of point A 0-180 degrees. 

1. Follow contour  
2. Cross areas that most represent stand conditions 

D. Place stake B 30m from point A (leave tape on ground) 
1. Record azimuth from point A  

2.   Mark Point A and B with rocks or other long lasting marker (note type of markers in 
location part of data sheet) 

H. Delineate plot boundaries 
1.   Determine size of plot 

a.  Grassland steppe, dense shrubs and dog-hair forest 2m 
 b.  Open shrub steppe Forest 10m 

2. Place temporary stakes or flagging to identify corners of plot  
I. Set Photo point at center of plot 15m & follow protocol as above 
J. Map plot 
K. Fill in Data sheet 

 II. Gather Data on what is in the plot, using the ecological assessment form (see below). 
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b. Stand Exam Plot and sub-plots 
 
Preparation - location of Stand and sub-plot no. 1 

1. Locate the Stand  
2. Identify the stand on aerial photo 
3. Determine the most practical access and traverse pattern to reach designated sub-plots 
4. Drive to road access point (score Waypoint and Description in Daily Notes. Include mileage 

from SWA Driveway entrance or Main road junction, nearest landmark (culvert, rock outcrop, 
Legacy tree, azimuth to destination, which is the First Plot. 

5. Arrive at sub-plot #1 and complete the form using the data dictionary below. When complete, 
repeat until all sub-plots are completed. Then return to the sub-plot that is in the area that
most representative of stand conditions and do a Detail plot or Eco-Asses

 is 
sment plot for the 

 Section 0 - Header (only record once per plot)

stand. 
6. Record the following information. 
 

b(1) Sub-plot Stand Exam  

Date: YYY
: Record in

TRS/stand #: Township-Range-S
 

b(2) Sub-plot Stand Exa

 
Y - MM - DD 

Observers itials 
ection and Stand no. 

m Section IITrees  (record data below for each tree marked “In” 
with the Relaskop) 

TreeSp: Tree species coded PIPO, PSME, PIEN, PICO, POTR, POTR2, SASC, ALIN, BEOC, LAOC 
Snag: S if tree is a snag (or chec
Seral Stage: Intermediate Matur
DBH: DBH of tree in inches given in 2” increments 

ght of tree t to th
Condition Class: S-suppressed, 
Crown Class: OP = Open Grown (the tree is not near any other tree, or the crown is well above the 

rest of the canopy); DO = Dominant (crown receives top light and incident light from 3-4 
ns); CO = C omina  

directions; IN = Intermediat ns receive 
no light from above or the s   
Suppressed (not used in this ns form a monoclonal stand of 

 doghair; = Rem hic 
event); AB = Leader above brush (terminal leader of tree is above the surrounding brush while 
the middle or lower crown is within the brush canopy); IB = Leader Within Brush (the terminal 
leader and upper crown of the tree is within the brush canopy); UB = Leader Overtopped by 
Brush (crown of tree compl

Crown Ratio: Crown ratio of tre e height 
Crown Width: Crown width of 

f tree in yea ite tr age 
Damage: Damage - 2 digit code

00 - None observed 
10 - general insects 
11 - bark beetles 
12 - defoliators 
13 - chewing insects 

 

k live/dead column) 
e or Late (Seral stage) signify by 1 

Height: Hei in f e nearest 5’ increment 
M=moderate, V=vigorous; Dead 

directio od nt (crown receives top light but incident light from only 1-2
e (crown only receives top light); OV = Overtopped (crow
ides and are in the understory of the rest of the canopy); SU =
 study; ~equivalent to OV; crow

unhealthy  RE nant (trees remaining from prior management or catastrop

etely overtopped by brush). 
e: portion of bole supporting live green foliage / total tre

tree in ft (avg of min, max) 
Age: Age o rs (s ee) - not taken for each tree - see detail plot form for site tree 

 for up to 3 damage categories 
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14 - sucking insects 
15 - boring insects 
16 

19 

70 

s follows: 0=none; 
1=u  

anches affected OR terminal leader dead OR >= 
% of bole with visible larval galleries. 

DamageSeverity for other rusts and cankers (not WP blister rust) 
01 Branch infections less than 50% of crown 
02 

02 
ne; 

 the 

- seed / cone / flower / fruit insects 
17 - gallmaker insects 
18 - insect predators 

- general diseases 
20 - biotic damage 
21 - root / butt diseases 
22 - stem decays / cankers 
23 - parasitic / epiphytic plants 
24 - decline complexes / dieback / wilts 
25 - foliage diseases 
26 - stem rusts 
27 - broom rusts 
30 - fire 
41 - wild animals 
42 - domestic animals 
50 - abiotic damage 
60 - competition 

- human activities 
71 - harvest 
80 - multi-damage 
90 - unknown 
99 - physical effects 

Damage severity for defoliators: Divide crown into thirds, Rate each separately a
p to 33% defoliated; 2=34-66% defoliated; 3=67-100% defoliated. Obtain rating for entire

tree by adding ratings for each third and recording severity in severity column. 
DamageSeverity for Class II Insects 

01 Bottlebrush or shortened leaders 0-2 forks on tree stem OR less than 20% of branches 
affected OR less than 50% of bole with visible larval galleries. 

02 3+ forks on tree stem OR 20% or more of br
50

Branch infections 50% or more of crown involved   OR any occurrence on the bole. 
DamageSeverity for white pine (WP) blister rust 

01 Branch infections located > 2’ from tree bole 
02 Branch infections located between 6” and 2’ from bole 
03 Bole infections or branch infections within 6” of bole 

DamageSeverity for foliar pathogens 
01 < 20% of foliage affected or < 20% of crown in brooms 

20% or more of foliage affected or 20% or more of crown in brooms. 
Damage severity for mistletoe: Divide crown into thirds, Rate each separately as follows: 0=no

1=1/2 or less of the total number of branches have visible infections; 2=more than ½ of
branches have visible infections. Obtain rating for entire tree by adding ratings for each third 
and recording severity in severity column. 

DamageSeverity for Root Rots 
01 Live tree within 30’ of infected tree or stump OR dead tree where root disease has NOT 

been id’d within 30’ of a tree or stump with known root disease 
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02 Live tree with signs or symptoms diagnostic for root disease OR present in root or stem 
tissue. Without visible crown deterioration. 

03 Live tree with signs or symptoms diagnostic for root disease OR present in root or stem 
tissue. With visible crown deterioriation OR dead tree with same symptoms 

DamageSeverity for animal 
01 

 Exam Section III - Seedlings or Saplings (record data below for each species of 

< 20% of foliage affected; bole damage restricted to < ½ of circumference 
02 20% or more of crown affected Bole damage to ½ or more of the circumference 

DamageSeverity for weather or unknown 
01 < 20% of foliage affected 
02 20% or more of crown affected or any damage to bole damage to bole. 

Notes: Noteworthy anomalies; wildlife, habitat, specific damage if known such as “DM” for dwarf 
mistletoe, “Elytro” for Elytroderma, etc. 

 
b(3) Stand

seedling (under 5’) or sapling (under 7” DBH) within a 52.6’ radius fixed plot centered on 
the plot) 

 
No. of live seedlings/saplings: number determined by most efficient estimation method. Note:  If 

total seedlings or saplings cover less than 25% of stand crown cover just tally numbers of li
and dead within the plot. 

No. of dead seedlings/saplings 

ve 

DBH (o
height in feet 

Conditi iate up to 2 of: (s)uppressed, (m)oderate, (v)igorous 
Crown  Section b(2) above for description. 
Crown tion b(2) above for description. 
Notes: include percentage of trees with any damage and coded cause. 
 

c. Eco-Assessment Plots 
Note: T

n, 
 old. 

 
Plot nu at goes into database - four digits (done each evening if others are in the field) 
Day’s Plot #: (Set to 0 each morning) 
Stand #

scription: the stand (SW portion of stand) Quick plot #) 
Site De

nly for saplings) 
Height: average 

on: abbrev
Class: see
Ratio: see Sec

he Eco-Assessment Data Sheet is used to describe the entire stand, not just the plot area. 
Data for the Eco-Assessment type of plot have the same criteria for detail plots, eco-assessment 
plots, and the plots transcribed from the 1990 North Cascades Grizzly Bear Ecosystem Evaluatio
except that in the latter case, the data is 13 years

mber: (th

: from Aerial Photo; Twp-Rng-Sec + the two digits which represent the stand number as 
delineated by Bob Clark on the photos 

Observer Initials 
Date:  YYYY - MM - DD 
Transect dimensions: (area sampled) or mark “S” if the area is variable based on the stand extent. 
Waypoint #: (GPS) from quick plot 
Waypoint Accuracy: in meters 
Location de

scription: for entire stand (Topography, Disturbances, Geology, Soil, anomalies) 
Plot or Transect Description: if there was one; also use for overflow from Site description. 
Photo #s: on camera (start and end) always begin 0 degrees N, repeat if canopy not captured in 

first revolution 
Wildlife observations: nests, dens, etc.; note if there is Ceanothus present 
Fire: history or charcoal observations (describe) 
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Elevatio

Flat: Sc

 
| 

ater: Mark if present or near. If present, also check near. Near means near enough for water to be 
affect fire risk. 

Riparian Type: Choose and list in the database in order of most important first:  Lake-pond | 
other  

Fire/Fuels: Fuel type from photographic guides used. INT = USDA GTR INT-97, Nov, 1981; PNW-
52 

Silt 

Mo

Gra

San

Gra
ract overlying plants 

and

n the 

the organic layer. 
Lower Organic Depth: (optional) Organic below duff goes down to the A-layer which is where 

 down to the lighter B-layer; measure from bottom of duff layer down to 
where the mineral component > 50% 

gs.  If trees are too big extrapolate 
from

Crown ch 

n minimum: (or average) 
Elevation maximum: (optional) 

ore “F” for flat areas 
Slope percent: minimum/average 
Slope percent maximum: (optional) 
Aspect degrees: minimum/average 
Aspect maximum: (optional) 
Geology: Choose and list in the database in order of most important first:  | alluvial fan | cliff |

talus-scree | boulder field | draw-swale | ravine | gravel bars | bottomland | plateau-terrace 
slope | other (specify) 

W
directly affected from stand disturbance or water could 

Riverine | Stream | Seep-spring | Peatland | Swamp-shrubby | Marsh-vernal pool | 

= PNW-52 = USDA GTR PNW-53, 1976; PNW-105 = USDA GTR PNW-105, May, 1980. 
Note that INT-97 fuel sizes are based on ranges of 3”-6” and 6”-10”. These should be added 
together and substituted for the 3”-9” category of our study. 

Surface fuels: (tons / ac) fill in based on the guides listed above for the following size categories: 
1/4” | ¼” - 1” | 1”-3” | 3”-9” | >9” 

Soil types: choose from: 

Fine Sand 
derately Coarse Sand 

Very Coarse Sand 
velly Sand 

Silty Loam 
Fine Sandy Loam 

dy loam 
Very coarse Sandy Loam 

velly Sandy Loam 
Soil percent cover: Percent of exposed mineral soil observed from 5’ up (subt

 litter) 
% Rockiness: The percent of surface soil that is rock (>3” dia.). 
Litter depth: (do not count logs in this field) Litter is undecayed dead vegetation lying free o

ground 
Duff depth: Duff is the airy 100% organic portion of 

mineral is >50% on

Soil A Depth: (optional - dropped from this study) > 50% mineral down to lighter colored subsoil 
Seral stage: overall stand stage (Early, mature (100-150 years), late >150 yrs). 
Stand Age: Core 3 samples from average trees of stand count rin

 average rings per inch. (in similar stands if one core verifies similar age assume that it is the 
same as the last stand) 

%: contiguous juxtaposition – percent of stand covered by overlapping vegetation at ea
height: 0-2’ | 2’-5’ | 5’-10’ | 10’-30’ | >30’ 

Trees per acre: Recorded for 4 categories of trees & snags: 
Live trees over 10’ tall (only recorded for non-stand plots) 
legacy trees 
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sna

For eac
n abbreviations refer 

Record % cover for each cover type category as the horizontal projection onto a plane surface 
her (sometimes overlapping) 

categories, except for bare soil, which has subtracted from it the overlying soil moss, soil lichen 
and

Win g; 

willow=SAAL, locust=ROPS, elm = ULSI; other willow and juniper = shrubs. For 
shru

s include tree seedling cover by species. (see section C for list of 
spe

 
h a 

 of data entry, e.g., “Plots 5-30.mdb”. In addition, a word document titled “Data 
addition

ith the main database. 
A database contains tables in which the rows or “records” are the plot numbers and the 

a spreadsheet as the 
preferred method for storage of this information because of its greater capacity, ability to perform 
queries

g 
, 

scribed below as linked tables). The field containing the waypoint 
number

formation See above for description of tab. This 
section

 plots. Fields are abbreviated to save space when viewing them 

ata type and number of 
ytes assigned for storage of the data, e.g., Ann= text field and length, S = integer, N = number. 

sign window in 
Access. 
 

gs 10’-30’ 
snags over 30’ 

h of the above categories present in the stand, record the number, dominant species and 
condition in dbh size classes of 0-5”, 5-12”, 12-24” and >24”. Conditio
to the first letters of the following: Crowded, Suppressed, Moderate, Vigorous, Dead 

Plant community and association: use plant association guide to choose the appropriate 
classification 

(e.g., as if observing the layer from space) exclusive of the ot

 basal area of stems. Categories are Tree>30’; Tree<30’; Shrub; Forb+Grass; Moss+soilLich; 
ArbLich; Litter+DWD; Bare ground and rock. 

Disturbance: For each category, record magnitude of disturbance: Erosion, Vehicle traffic; 
Excavation; Flooding; Clearcutting; Selective or Seed cuts; Overstory Removal; Thinning; 

dthrow; Trampling and species doing the trampling; Grazing and species doing the grazin
and Other 

Plant Percent cover: Record percent cover for categories: overstory (>30’ tall) understory trees. 
Trees are defined as the following species:  PIPO, PSME, PICO, LAOC, POTR, POTR2, ALIN, 
BEOC, golden 

bs and herbs, record at least 3 species up to 50% of the total for that class of understory 
trees, overstory percentage

cies codes). 
 

A.2. Data Dictionary 

Data is copied from the field forms to an Access database file named Plots…mdb, wit
suffix of the last date

s.doc” in the same folder contains additional data that would not fit conveniently into the 
database fields. It is in the database folder along w

columns or “fields” are the individual data items. A database was chosen over 

, ability to be input and viewed using user-friendly forms, ability to export to spreadsheets as 
necessary, and ability to link to other relational databases* through the use of key fields*. For this 
project, the plot number (field “PlotNum”) is a “key field” used to link the plots to other relational 
databases or GIS information or calculated information such as estimates of canopy density. The 
main data table named “12346” is an example of a relational database that was created by usin
the key field PlotNum to link together 5 other tables (which happened to be named “1”, “2”, “3”
“4”, and “6” and which are de

 (Waypt) is also a key field for the stand exam sub-plots. 
 

Table 12346: Linked table 1 - General In
 contains the data dictionary for the Access database, giving information about each of the 

fields in the Access database of
across the top of a computer screen. Each row listed below represents the field specifications for a 
single data item written on the field form. The last column represents the d
b
Additional information about the fields can be found by inspecting the table de
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Field N pe ame Field contents Data Ty
PlotNum Database number, 4 digits, with leading zeroes  A4 
StandNum Name and Number of Stand A15 
Obs Observer Initials, 1-4 people, e.g., DDGWLWSF A8 
Date Date [2003.04.01] A10 
TranDim Marked dimensions of transect or enter “S” if the information on the 

plotform is based on the extent of the plant community (stand-based 
information) 

A15 

Waypt Waypoint numbers from GPS A10 
WayptAcc Waypoint accuracy from GPS in meters S 
Location Description of location A240 
SiteDesc Description of plot and site ecology and disturbances A240 
PlotDesc Description of plots or transect if different A240 
Photo Data for photos: #’s, start pt description ,end pt description ,azimuth 

,focal-length / zoom factors:  
A120 

Wildlife Wildlife & Ceanothus observations A240 
FireChar Observations of past fire A200 
 

Field Name Field contents Data Type 
Table 12346: Linked table 2 - Site Data 

PlotNum Database number, autofilled in once per plot A4 
Elevmin Elevation, ft. (minimum if there is a range or else average) S 
Elevmax Elevation, ft. (maximum if there is a range or skip this field) S 
Flat Note flat slope plots with an “F” (<5 degrees) A1 
MinSlope Slope percent (minimum if there is a range or else average) S 
MaxSlope Slope percent (maximum if there is a range or skip this field) S 
MinAsp Aspect degrees (minimum if there is a range or else average) S 
MaxAsp Aspect degrees (maximum if there is a range, or skip this field) S 
Geomorph Geomorphology: alluvial fan; cliff; talus-scree; boulder field; draw-

swale; ravine; gravel bars; bottomland; plateau-terrace; slope; other 
A30 

WatPres Water present? (y/n) y/n 
WatNear Water near? (y/n) y/n 
WetType If water near or present then: Lake-pond; Riverine; Stream; Seep- A30 

spring; Peatland; Swamp-shrubby; Marsh-vernal pool; other 
FuelType Fire/Fuel types from the photo series A240 
FuelFine Surface fuels tons per ac (<1/4”) N 
FuelTwig Surface fuels tons per ac (1/4"-1”) N 
FuelSmall Surface fuels tons per ac (1”-3”) N 
FuelMed Surface fuels tons per ac (3”-9”) N 
FuelLarge Surface fuels tons per ac (>9”) N 
SoilType Soil Type Choices: Silt, Silty-Loam, Fine Sand, Fine Sandy Loam, Coarse A20 

Sand, Coarse Sandy Loam, Sandy Gravel, Gravelly Loam 
SoilCover % of surface soil  that is not rock S 
Rockcov % of surface covered in rock >3” and bedrock  S 
LitDepth Litter and depth inches (do not include logs) N 
DuffDepth Duff Layer soil depth inches (this is the airy portion of the organic layer N 
LoOrgDep Organic layer below duff (where organics are >50% of fraction) depth N 

inches 
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Adepth A-layer soil depth inches (dark layer with mineral >50% which goes 
from lower layer of organic down to the B-layer where the soil color 
lightens (dig 2” into B-layer) 

N 

SoilNotes Notes about soils A50 
 

Field Name Field Contents Data Type 
Table 12346 - Linked table 3 - Tree stand data 

PlotNum Database number, autofilled in once per plot A4 
Seral Seral stage (Seral stages = early, middle, late (0-175 yrs), climax >175 A15 

yrs) 
Age Stand age (of oldest cohort with > 3 trees per ac) S 
AgeNote Note on stand age A15 
CrownJux0 % cover of all woody species in stand 0-2’ in ht with crowns 

contiguous between adjacent individuals 
S 

CrownJux2 % cover of all species in stand 2-5’ from the gound with contiguous S 
crowns between adjacent individuals 

CrownJux5 % cover of all species in stand 5-10’ from the gound with contiguous S 
crowns between adjacent individuals 

CrownJux10 % cover of all woody species in stand 10-30’ in ht with crowns 
contiguous between a

S 
djacent individuals 

CrownJux30 % cover of all wo
contiguous between adjacent individuals 

ody species in stand > 30’ in ht with crowns S 

Disease Disease agents & species affected A120 
TPA0 Trees per acre 0-5” dbh (record 0.1 for <1 tpa) N 
TPASp0 Name of dominant species in this dbh size class (0-5”) A10 
TPACond0 Tree condition in this class; S = suppressed, M = moderate, V = 

vigorous 
A2 

TPA5 Trees per acre 5-12” dbh N 
TPASp5 Name of dominant species in this dbh size class (5-12”) A10 
TPACond5 Tree condition in this class; S = suppressed, M = moderate, V = 

vigorous 
A2 

TPA12 Trees per acre 12-24” dbh N 
TPASp12 Name of dominant species in this dbh size class (12-24”) A10 
TPACond12 Tree condition in this class; S = suppressed, M = moderate, V = 

vigorous 
A2 

TPA24 Trees per acre >24” dbh N 
TPASp24 Name of dominant species in this dbh size class (>24”) A10 
TPACond24 Tree condition in this class; S = suppressed, M = moderate, V = 

vigorous 
A2 

Leg12 Number of legacy trees per acre in 12-24” class N 
LegSp12 Species name of dominant legacy tree in 12-24” class A10 
LegCond12 Condition of legacy trees in 12-24” class; S = suppressed, M = 

moderate, V = vigorous 
A2 

Leg24 Number of legacy trees per acre in >24” class N 
LegSp24 Species name of dominant legacy tree in >24” class A10 
LegCond24 Condition of legacy trees in >24” class; S = suppressed, M = moderate, 

V = vigorous 
A2 

SnagUn5 Number of 10’-30’snags per acre in 5-12” dbh class N 
SnagUnSp5 Species name of dominant 10’-30’snags in 5-12” dbh class A10 
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SnagUn12 Number of 10’-30’snags per acre in 12-24” dbh class N 
SnagUnSp12 Species name of dominant 10’-30’snags in 12-24” dbh class A10 
SnagUn24 Number of 10’-30’snags per acre in >24” dbh class N 
SnagUnSp24 Species name of dominant 10’-30’snags in >24” dbh class A10 
SnagOv5 Number of >30’snags per acre in 5-12” dbh class N 
SnagOvSp5 Species name of dominant >30’snags in 5-12” dbh class A10 
SnagOv12 Number of >30’snags per acre in 12-24” dbh class N 
SnagOvSp12 Species name of dominant 10’-30’snags in 12-24” dbh class A10 
SnagOv24 Number of >30’snags per acre in >24” dbh class N 
SnagOvSp24 Species name of dominant >30’snags in >24” dbh class A10 
 
Table 12346 - Linked table 4 - Vegetation 
Field Name Field Contents Data Type 
PlotNum Database number, autofilled in once per plot A4 
ComAsso Plant Association and / or Plant Community (see key at end) A50 
TreePct Tree overstory (>30’) % cover (score 0.1 for 0 to 1%) N 
RegenPct Tree understory (<30’) % cover (score 0.1 for 0 to 1%) N 
ShrubPct Shrub % Cover (all woody species, except not counting tree species; 

score 0.1 for 0 to 1%) 
N 

HerbPct Forb + grass % cover (not counting woody species; score 0.1 for 0 to 
1%) 

N 

CryptPct Moss + Soil lichens % cover (score 0.1 for 0 to 1%) N 
ArbLichPct Arboreal lichen % cover (score 0.1 for 0 to 1%) N 
LittPct Litter + down woody debris % cover (score 0.1 for 0 to 1%) N 
TbarPct Total Bare % cover (score 0.1 for 0 to 1%) N 
 
Table 12346 - Linked table 6 - Disturbance data. This section of data pertains either to the extent 
of the transect or to the extent of the vegetative stand (delineated by plant community*) depending 
on whether the field TranDim in linked table 1 (above) is marked “S” for Stand information. 
Field Name Field Contents Data Type 
PlotNum Database number, autofilled in once per plot A4 
Eros Erosion, magnitude 0-3 (all causes, including natural) as soil turnover 

(%  of stand area turned over yearly) 
A2 

Vehicle Road use and vehicle traffic based on amount of yearly traffic, 
magnitude 0-3 

A2 

Exc Mechanized excavation and filling including road grading (%  of stand 
area turned over yearly) , magnitude 0-3 

A2 

Flood Flooding, magnitude 0-3; 1 is for yearly high water tables, (2 and 3 are 
only for flooding that produces scour or deposition) 

A2 

Ccut Clearcut and seed-tree logging when <5% of tree cover remaining in 
stand, magnitude 0-3 

A2 

SelCut Selective, seed-tree and partial logging and seed cuts with >5% tree 
cover remaining in stand, magnitude 0-3 

A2 

OvRem Overstory removal & high-grade and historical logging, magnitude 0-3 A2 
Thin Thinning of small diameter trees only, magnitude 0-3 A2 
Windth Windthrow, magnitude 0-3 A2 
Tramp Animal trampling, magnitude 0-3 A2 
TrampSp Species of animal trampling A12 
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Graz Animal grazing, magnitude 0 A2 -3 
GrazSp Species of grazer A12 
Other Other disturbance, magnitu A2 de 0-3 
OtherType Other disturbance type A12 
 
Table 5 - Species  This section of data pertains either to the extent of the transect or to the extent of

vegetative stand (delineated by plant community*) depending o
 

the n whether the field TranDim in 
table 1  (above) is marked with an “S” for Stand information. 

d Name FieldFiel  Contents Data Type 
PlotNum Database number, autofilled in once per plot A4 
Species Species name. The 4-letter codes go into the database, but the field 

observers can use a short abbreviation (Code list continually updated 
below). A

A15 

ll tree species are to be listed e.g., PIPO (or PP), PSME or DF, 
PIEN, PICO, POTR, POTR2, LAOC, ALIN, BEOC, golden willow 
(SAAL), locust (ROPS), elm (ULSI). Herbs includes both forbs and 
grasses, and annuals like cheatgrass as well as perennials, but it 
doesn’t include moss or lichens. For Shrubs and Herbs, at least 3 
species must be listed in each category, and more until 50% of the 
total percent cover for that class is reached (the total is that listed 
above under vegetation). It is allright to list more species after 50% 
cover of that class reached, for instance if an important indicator is 
observed at low cover. 

Form Life form of the species (T)ree, (S)hrub or (H)erb A6 
PctCov Percent cover of species (0 is trace). The totals for all layers can be 

higher than 100% 
S 

OvUnd Percent cover of tree species that is over 30’ S 
 
Table 7 - Trees, seedlings and saplings (The field containing the waypoint number (Waypt) is a key 
field for the stand exam sub-plots, as well as the field for Plotnum). 
 
Sub-plot identification and indication of whether information is for trees, saplings or seedlings 
Field Name Field Contents Data Type 
Waypt GPS waypoint identification no. A4 
PlotNum Database number, autofilled in once per plot A4 
Stand no. Stand number from dot grid established for the plot (card number) A15 
BAF Basal area prism factor S 
Tree otal no. overstory trees counted “in” with relaskop or prism (when S sIn T

this field is scored, the rest of the record is blank; next, there will 
follow a number of records for tree information equal to this number) 

TreeSp Tree species coded as given in the code table A6 
SeedSapTree Note of tree category. Mark “t” for overstory tree (defined as as single- A10 

stemmed tree species > 30’ tall & > 7” dbh); mark “seed” for seedlings 
(tree species <5’ tall); mark “sap5”, “sap15” or “sap30” for saplings 
(defined as tree species under 7” dbh) in categories of 5-15’ tall, 15-30’ 
tall or >30’ tall 

NumStems (only recorded for seedlings or saplings, not overstory) This is the 
number of live & dead seedlings or saplings in categories of 5-15’ tall; 
15-30’ tall; >30’ tall (for a 52.6’ radius (0.2 ac) fixed plot; number 
determined by most efficient estimation method; if total seedlings or 

S 
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saplings cover is less than 25% of stand crown cover, then numbers of 
live and dead are simply tallied within the plot). 

Live ; for seedlings or saplings count or S  for overstory trees mark “1” for live
estimate the number per 52.6’ radius (0.2 ac) fixed plot 

Dead for overstory trees mark “1” for dead; for seedlings or saplings count 
or estimate the number per 52.6’ radius (0.2 ac) fixed plot 

S 

IntM r overstory trees) Seral stage, Score (int)ermediate, A10 atLate (only recorded fo
(mat)ature or (late) 

DBH ents; give median value for N  DBH of tree in inches given in 2” increm
seedlings or saplings 

Ht 
alue for seedlings or saplings 

(only recorded for overstory trees) Height of tree in ft to the nearest 5’ 
increment; give median v

N 

Cond Condition class: s=suppressed, m=moderate, v=vigorous; give 
predominant c

A50 
lass for seedlings or saplings 

CrnCl Crown class: op = Open Grown (the tree is not near any other tree, or 
the crown is well above the rest of the canopy); do = Dominant 
(crown receives top light and incident light from 3-4 directions); co = 
Co

A2 

dominant (crown receives top light but incident light from only 1-2 

ed (not 

directions; in = Intermediate (crown only receives top light); ov = 
Overtopped (crowns receive no light from above or the sides and are 
in the understory of the rest of the canopy); su =  Suppress
used in this study; ~equivalent to ov; crowns form a monoclonal stand 
of unhealthy doghair; re = Remnant (trees remaining from prior 
management or catastrophic event); ab = Leader above brush 
(terminal leader of tree is above the surrounding brush while the 
middle or lower crown is within the brush canopy); ib = Leader Within 
Brush (the terminal leader and upper crown of the tree is within the 
brush canopy); ub = Leader Overtopped by Brush (crown of tree 
completely overtopped by brush); give predominant class for seedlings 
or saplings 

CrnRat Crown ratio of tree: portion of bole supporting live green foliage / 
total tree height

S 
; give predominant crown ratio for seedlings or 

saplings 
Crn f tree in ft (avg of 

min, max) 
S Wid (only recorded for overstory trees) Crown width o

DamCat1 Damage 2 digit code for up to 3 damage categories A2 
DamCat2 Damage 2 digit code for up to 3 damage categories A2 
DamCat3 Damage 2 digit code for up to 3 damage categories A2 
DamSev123 Overall damage severity for all 3 damage categories A2 
Notes Notes; for seedlings or saplings note the percentages of trees scored 

as damaged 
A255 

 
A.3. Species codes 

con
the 

 
Species identified and their codes (codes may be given in small letters). The codes are formed for 

venience, and do not necessarily correspond to other codes used in other projects. For most of 
4-letter codes, they are formed by combining the first two letters of the genus name with the 

 the first two letters of the species name. For most of the 6-letter codes they are made by combining
first 3 letters of the genus and species names. Other names are simply abbreviations of plant 
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groups, e.g., “RHIZ GRASS” for rhizomatous grass. The category “OTHER” is important in that when 
used, it represents the sum of all species in the herbaceous or shrub category not specifically 

 
useful information on the total amount of herbaceous or shrubby plants in a plot. 
enumerated in the field. The use of the “OTHER” category saved field time while still gathering

CODE Plant Name 
ACGL Acer glabrum 
AGRE Agropyron repens 
AGSP Agropyron spicatum 
ALIN Alnus incana 
ALLCER Allium cernuum 
AMAL Amelanchier alnifolia 
APAN Apocynum androsaemifolium 
ARCO Arnica cordifolia 
ARDR Artemisia dracunculus 
ART
TRIDENTATA 

Artemisia tridentata  

ART 
TRIDENTATA 

Artemisia tripartita 

ARUV Arctostaphylos uva-ursi 
ASCLE Asclepias sp. 
ASTMOD Aster modestus 
BASA Balsamorhiza sagittata 
BEAQ Berberis aquifolium 
BEOC Betula occidentalis 
BROJAP Bromus japonicus 
BRTE Bromus tectorum 
BUNCHGRA
SS 

Bunchgrass 

CARFIL Carex filifolia 
CARU Calamagrostis rubescens 
CARVES Carex vesicaria 
CIAR Cirsium arvense 
COST Cornus stolonifera 
CRDO Crataegus douglasii 
ELCI Elymus cinereus 
ELGL Elymus glaucous 
EQAR Equisetum arvense 
EQUIS Equisetum sp. 
ERHE Eriogonum heracleoides 
FEID Festuca idahoensis 
FERN Fern sp. 
FESCUE Fescue species 
GRASS Grass species 
HODI Holodiscus discolor 
JUSC Juniperus scopulorum 
LAOC Larix occidentalis 
LUPIN Lupine 
OTHER Other plants making up the rest of the cover in that category 
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OTHERH Other plants making up the rest of the cover in the herbaceous category 
OTHERS Other plants making up the rest of the cover in shrub category 
PEFR3 Penstemon fruticosus 
PHAR Phalaris arundinacea 
PHLE Philadelphus lewisii 
PHMA Physocarpus malvaceus 
PIPO Pinus ponderosa 
POA Poa sp. 
POPR Poa pratensis 
POPTRE Populus tremuloides 
POPTRI Populus trichocarpa 
POSE Poa secunda 
PRVI Prunus virginiana 
PSME Pseudotsuga menziesii 
PUTR Purshia tridentata 
RHGL Rhus glabra 
RHIZGRASS Rhizomatous grass 
RICE Ribes cereum 
RIIN Ribes inerme 
ROSA Rosa sp. 
ROWO Rosa woodsii 
SAAL Salix alba 
SALIX Salix sp. 
SASC Salix leriana scou
SEDGE Sedge sp. 
SOLCAN Solidago canadensis 
SPBE Spiraea betulifolia 
STOC iSt pa occidentalis 
SYAL Symphoricarpus albus 
SYOR Symphoricarpus oreophilus 
TAOF Taraxacum officinalis 
TRPR Trifolium pratense 
UNK Unknown 
UNKGRASS Unknown grass 
URDI Urtica dioica 
VAMY Vaccinium myrtillus 
 

A.4. Plant Community / Associations Key 
 

 vegetation communities represent potential natural vegetation as 
al 
rces 

illybridge et. al., 1995, Almack et. al., 1993, Daubenmire, 1968, 1970, Clausnitzer and Zamora, 
1987).  
 

Key to Vegetation Communities of the 
Washingto

Sinlahekin Wildlife Area (SWA) of North-Central 
n 

 
evThe following key was d

e
eloped to assist field workers in field identification of vegetation 

communiti s of the SWA. The
defined by Daubenmire (1968, 1970). The key was compiled by a combination of person
xperience along with incorporation of other plant association keys from a number of soue

(L
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It is important to keep in to this project. Although the 
i ion of forested vegetation is reasonably well-accepted, other classifications of types such 

as shrub all well-developed. 

The vegetation communities defined in this key are meant to be mutually non-exclusive and 
h  plant 
c
 
The North Cascades Grizzly Bear Habitat Evaluation (NCGBE, Almack et. al., 1993) was the only 
o
the
det e 
NCGBE data was to (1) determine whether the cover types for this study needed to incorporate the 

 bear data; and (2) revisit plots and record plant cover 
formation in those same areas, 10 years after the initial survey, to determine gross features of 

ent under 
ection I.C. (Data Summary for Ecology Plots). 

 not intended to be synonymous with the definition of cover types (*) 
 for development of and refinement of the 

over types (*), which are necessary for modeling 5 of the 8 data layers for input into the FARSITE 
fuel ma  
crown base height, stand height, and crown bulk density. 

. In some cases it will be necessary to read the 
 area. Numbers next to the 

ver of plant species or land features. The codes 
of this appendix. 

a.
b
c.

2. T
a.
b  key) 
c.

3. U
a.

 mind that this key is limited in applicability 
class ficat

-steppe, riparian, wetland, talus or alpine are not at 
 

ierarchical A description of these concepts is given in Martin and Coker (1992). Non-native
ommunities as well as non-natural, or man-made, communities are also included in the key. 

ne of these sources that actually visited and mapped the vegetation of the Sinlahekin. However 
 NCGBE was regional in scope and the maps do not provide sufficient detail for the level of 
ail required in this study. Furthermore those maps are now 10 years old. The primary use of th

classification scheme from the grizzly
in
vegetation change over a decade. These results are briefly described in this docum
S
 
These plant associations are
used in this project, but are used as a preliminary tool
c

pping model (Keane et al, 2000). These layers are fire behavior fuel model, crown closure,

 
Use of the key. The key is used by sequentially reading through the numbered items until a 
description matches that of the plot area being visited
description of sub-types to determine if there is a match to the plot
inequality signs (“>” or “<”) refer to percent aerial co
used to represent plant species are given in section A.3 
 
1. Man-made 

 Developed >50 
. Non-native orchard >50 
 Non-native cultivated field >50 
alus, cliffs or aquatic 
 Talus, scree or cliffs > 50 (note this & the dominant understory & try to continue in the key) 
. Aquatic - water > 50 & any single aquatic sp. > 10 (note the aquatic sp. and continue in the
 Aquatic - water > 50 (note this & the dominant understory & try to continue in the key) 
pland forests - with tree species present and reproducing 
 Douglas fir (PSME, Pseudotsuga menziesii) present and reproducing 

VAMY > 5 & CARU > 5 
VAMY > 5 
PHMA (ninebark) > 5 
HODI (oceanspray) > 5 
SYAL > 5 and FEID > AGSP > 5 
SYAL > 5 & AGSP >5 

 > 5 

> 5 

SYAL > 5 & CARU
SYAL > 5 
SYOR > 5 
ARUV > 5 & PUTR 
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ARUV > 5 & CARU > 5 

5 
 5 

RU > 5 

> 5 

bby penstemon) 
AGSP > 5 

b. Ponderosa pine (PIPO, Pinus ponderosa) present and reproducing

ARUV > 5 
PUTR > 5 & FEID > AGSP > 5 
PUTR > 5 & AGSP > 
PUTR > 5 & CARU >
PUTR > 5 
SPBE > 5 AND CA
SPBE > 5 
PAMY > 5 & CARU > 5 
PAMY > 5 
CARU > 5 & FEID > AGSP > 5 
CARU > 5 & AGSP 
CARU > 5  
PEFR3 > 5 (shru
FEID > 
AGSP > 5 

 
5 & FEID > AGSP > 5 

 > 5 & AGSP > 5 
 & CARU > 5 

RTITA > 5 
 > 5 & FEID > AGSP > 5 

ATA > 5 & AGSP > 5 
> 5 & CARU > 5 

C

C

c

ATR TRIPARTITA > 
ATR TRIPARTITA
ATR TRIPARTITA > 5
ATR TRIPA
ATR TRIDENTATA
ATR TRIDENT
ATR TRIDENTATA 
ATR TRIDENTATA > 5 
PUTR > 5 & FEID > AGSP > 5 
PUTR > 5 & AGSP > 5 
PUTR > 5 & CARU > 5 
PUTR > 5 

ARU > 5 & FEID > AGSP > 5 
CARU > 5 & AGSP > 5 

ARU > 5  
FEID > AGSP > 5 
AGSP > 5 

. Upland Cottonwood > 10% (use key under wetlands) 
d. Upland aspen (Populus tremuloides, POTR)> 10% (use key under wetlands) 

4. Uplands with trees < 10% and trees unlikely to increase > 10% 

CARU > 5 
name the dominant sp.) 

sp.) 

ids predominant (name the dominant sp.) 
5 & forbs predominant (name the dominant sp.) 

PU
PUTR > 5 & graminoids predominant (name the dominant sp.) 

ART TRIPARTITA > PUTR & > 5 & FEID > AGSP > 5 
ART TRIPARTITA > PUTR & > 5 & AGSP > 5 
ART TRIPARTITA > PUTR & > 5 & 
ART TRIPARTITA > PUTR & > 5 & graminoids predominant (
ART TRIPARTITA > PUTR & > 5 & forbs predominant (name the dominant 
ART TRIDENTATA > PUTR & > 5 & FEID > AGSP > 5 
ART TRIDENTATA > PUTR & > 5 & AGSP > 5 
ART TRIDENTATA > PUTR & > 5 & CARU > 5 
ART TRIDENTATA > PUTR & > 5 & gramino
PUTR > 5 & FEID > AGSP > 
PUTR > 5 & AGSP > 5 

TR > 5 & CARU > 5 
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PUTR > 5 & forbs predominant (name the dominant sp.) 
I (Basin wild rye) > 5 ELC

CA

the dominant sp.) 
e the dominant sp.) 

5. as overstory here) 

b 0 (key the understory shrub as below) 
c. Birch - Alder: BEOC (Betula occidentalis) + ALIN (Alnus incana) > 10 (key the understory shrub 

d. Na
e. Golden willow: Salix alba & cultivars > 10 (key the understory shrub as below) 
f. Other wetland tree species > 10 (name the dominant species) 

a
b. Other native shrub sp. > 25 - name the dominant sp. & then key the herbaceous layer, e.g., 

red osier dogwood) 
. > 25 - name the dominant sp. & then key the herbaceous layer 

ne of the above, but at least one common dominant species > 10 
us layer 

l of all shrub spp. > 25, then name the 
er 

a. Cattails: TYPHA (Typha latifolia) > 5 
b. Tall grasses > 5 (name the domin

 
gle shrubs sp. predominant and > 10  

g. Single sp. > 10: if none of the above, but any single sp. > 10 - name the dominant sp. 

e above, but graminoids > other herbs 

 

CARU > 5 & FEID > AGSP > 5 
RU > 5 & AGSP > 5 

CARU > 5  
FEID > AGSP > 5 
AGSP > 5 
Other graminoids predominant (name 
Other forbs predominant (nam

 Wetland deciduous forests - overstory layer (include both shrubs and trees 
a. Cottonwood: POTR2 (Populus trichocarpa) > 10 (key the understory shrub as below) 

. Aspen: POTR (Populus tremuloides) > 1

as described under 6 - swamps, below) 
tive willow wetland: Salix spp. > 10 (key the understory shrub as below) 

6. Wetland swamps - shrub layer 
. Native willow > 10 - key the understory shrub as below 

COST (Cornus stolonifera, 
c. Non-native shrub sp
d. Indicator shrubs > 10 if no

(e.g., COST, RUBUS, etc.)  - name the sp. & then key the herbaceo
e. All Shrubs > 25 - if none of the above but the tota

dominant species & then key the herbaceous lay
7. Wetland herbaceous layer 

ant species) 
c. Sedge -rush: Carex sp. + Scirpus sp. (e.g., tule, Scirpus validus) > 5 (name the sp.) 
d. Rush: Juncus sp.  > 5 
e. Single sp. > 25: if none of the above, but any other single sp. > 25 - name the dominant species
f. Single shrub > 10: if none of the above, but any sin

h. Shrubs > herbs + graminoids: - if none of the above, but shrubs > herbs & graminoids 
i. Graminoids > herbs: - if none of th
j. Horsetail > 10: horsetail 

 49



Sinlahekin Fuel Treatment Strategy  Phase 1 Report 

Appendix B - GIS Metadata 

out data”. This appendix describes the source of GIS layers and how 
ose layers. More details describing the contents of the layers is 

 

Environmental Systems Research Institute, ESRI) in conjunction with a number of other extensions. 

site e (ESRI). The following 
and 

refe ced 

 
Gri

n English translation of a German 

i/studium/projekte/schaeuble/sites/grid.htm). 
nsion (© Minnesota Department of Natural Resources, 2001). A set of 

s for manipulating shapefiles (http://www.fws.gov/r9gisftp/avutil.pdf). 
DN ces, 2001). A program used to download 

in GPS 
te.mn.us/mis/gis/tools/arcview/extensions.html). 

Gri  (United States Geological Survey, U.S.G.S. Planetary GIS Web Server). 2004. 
prehensive set of tools for manipulating grid files 

sgs.gov/arcview_scripts.htm). 
Image Analysis Tools Extension (© ESRI). This is a comprehensive set of tools for manipulating 

e extension was developed jointly ESRI and ERDAS (Earth Resources 
now owned by Leica Geosystems 

Image Crop Miser Version 2 (by Kenneth R. McVay, the extension uses the LibTiff library (c) 1988-
d to crop image files. Available at 

ImageWarp 2.0 (by William Huber). An extension that will allow you to geo-reference any image 
eme. Available at ESRI 

Ima E 
 the extension was upgraded to use the IMAGINE 8.3.1 

e Independent JPEG 

Ma ion (Natural Resource Conservation Service, NRCS). This allows Arcview 

ble as public domain software, but newer versions 

Min n Utility Extension (Developed for 
 DNR by Pacific Meridian Resources, September, 2000). This extension allows 

 
Metadata is “data ab

and what changes were made to th
given in Section I.D - Data Summary. 
 
Arcview Program Extensions:
 

Most of the GIS procedures were performed with Arcview 3.2 and Spatial Analyst (© 

Extensions used in this project are available on the web; most are available at the ArcScripts web 
 (http://arcscripts.esri.com/) of Environmental Systems Research Institut

extensions were used in this project (When Extensions are expressly copyrighted this is noted 
renced by data and source, but others which did not include express copyrights are referen

only by author): 

d Enhancement or “Grid Tools” Extension to Arcview (Schäeuble, 1998). This is a 
comprehensive set of tools for manipulating grid files. This is a
extension which did not include a citation other than the authors name and date 
(http://www.uni-tuebingen.de/uni/eg

Arcview Utility Tools Exte
tool
R Garmin (© Minnesota Department of Natural Resour
waypoints from the Garm
(http://www.dnr.sta
d PIG Extension
This is a com
(http://webgis.wr.u

images within Arcview. Th
Data Analysis System, 
(http://www.esri.com/software/arcview/extensions/imageext.html). 

1998 Sam Leffler, (c) 1991-1998 Silicon Graphics, Inc.). Use
ESRI ArcScripts (http://arcscripts.esri.com/). 

that ArcView will display to a feature theme, grid theme, or image th
ArcScripts (http://arcscripts.esri.com/details.asp?dbid=10118). 
gine Image Support Extension (© ESRI). This extension provides support for ERDAS IMAGIN
images. In this version of ArcView GIS,
libraries on the PC and the 8.3 libraries on UNIX. 

JPEG (JFIF) Image Support Extension (© ESRI, based in part on the work of th
Group. Copyright © 1991-1996 Thomas G. Lane). This extension allows viewing and 
manipulation of JPEG images within Arcview. 
p Symbol Loader Extens
to access a more complete set of mapping symbols than those which come bundled with the 
program. The extension was originally availa
are only available commercially. 
nesota Department of Natural Resources (DNR) Projectio
the Michigan

 50



Sinlahekin Fuel Treatment Strategy  Phase 1 Report 

projection of shapefiles within ESRI’s ArcView 
r.state.mn.us/mis/gis/tools/arcview/extensions.html). 

NA
tran

Pro I). This program is used to reproject Arcview files. 
l 

Tiff

iew 

Vec
efiles. Available at ESRI Arcscripts 

 
Arc
 

split into several .apr files as follows: 
 

• sinlahekin-grids.apr - grid files only - may require Spatial Analyst Extension. 
• sinlahekin-images.apr - Image files only, requires Tiff 6.0 Extension. 
• 

ons. 
 

h 

ashington State Plane North (SPN), 
ashington State Plant South Zone (SPS), Albers Conical Equal Area NAD 1983, and UTM Zone 

10. The

ota 

 
he 

' quads Blue Goat Mt., Loomis and Conconully East quads were the minimum necessary to 
ompletely cover the boundary of the Sinlahekin Wildlife area. 

(http://www.dn
NADCON Extension (National Oceanographic and Atmospheric Administration (NOAA). The 

DCON extension is an Avenue implementation of the NADCON program. NADCON 
sforms lat/long shapefiles from NAD27 to NAD83 and vice-versa 

(ftp://ftp.ngs.noaa.gov/pub/pcsoft/nadcon/). 
jector! (© ESR

Spatial Analyst Extension (© ESRI). This is an add-on extension that performs sophisticated spatia
operations within Arcview. 
 6.0 Extension (© ESRI). This extension allows viewing of TIFF files as image themes. TIFF 6.0 
image support includes GeoTIFF 1.0 tags for placing the image in the proper geographic space 
if present. 

Transform Themes 1.11 Extension (by William Huber. This extension allows resizing of Arcv
themes. Available at ESRI Arcscripts (http://arcscripts.esri.com/details.asp?dbid=10118). 
tor Transformations 1.0 (© Eugene Martin, of CommEn Space). Used to transform polygons 
within shap
(http://arcscripts.esri.com/details.asp?dbid=10118). 

view Project files: 

For completion of the fuels analysis portion of this project, the Arcview project files were 

sinlahekin-shp.apr - Shape files only - should not require an extension. 
• sinlahekin-main.apr - Main analysis Arcview project originally developed using many 

extensions, but reduced to a minimal set requiring Image Analysis Tools, Imagine Image 
Support, Spatial Analyst, TIFF 6.0, and Map Symbol Loader Extensi

Most shapefiles have legend (.avl) files in the same directory so that the colors will 
automatically load as created. 
 
Geographic Projections and transformations 
 

The main projection used for this project is UTM 11 NAD 1983 with units of meters, whic
matches that of digital orthophotos and digital raster graphics (DRG) images available on the 
internet at the Washington Geospatial Data Archive (WAGDA, http://wagda.lib.washington.edu). 

Other projections which were converted as necessary into UTM 11 NAD 1983 included 
decimal degrees (DD), also known as geographic coordinates, W
W

 State Plane projections were usually, but not always, in feet. Some data was obtained in 
NAD 1927, and converted to NAD 1983 as necessary. 

Features and grids were reprojected as necessary using an extension such as the Minnes
DNR Projection Utility. Images were reprojected by first converting to grids, and then reprojecting 
to UTM 11 NAD 1983. 

Prior to projecting or cropping the source data, a clipping polygon was added to the view
consisting of the 5 quads surrounding the center of the area in the Blue Goat Mountain quad. T
three 7.5
c
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Shapefi ed into UTM 11 NAD 1983 for use in this project. When 
were n using the command T  - 

he d after clipping the coverages: 

 X shift Y-shift

les were project necessary, 
shapefiles  shifted with the Transform Themes 1.11 Extensio heme
Transform. T  following shifts were performe
 
Theme
Lake.shp -50 10
nwi.shp -94 -12
rd_w_oka.shp 20 -5
ok_rds.shp -7-17
wdfw_single.sh 2p -100 -1
 

The pea s could not be ver
 enou se the registration r to 

aried 
The shapefile wdfw-dnr.shp was digitized by overlaying the UTM 11 NAD 1983 DRG 

nd ma s in the file wdfw_single.shp 
rid the as shapefiles using the Grid Pig Exten
 “Clip ecifying the clipping polygon. Grids were re-projected to 

DNR Projection extension (which is used in conjunction 
rojected using second-order 

n,
 198

age C  prior to proje on. 
 was  Grid Pig ext ion. 

ing of ima plished with the extension
 2.0 before burn  the data 
 

NLCD ( d from the 
id-19 Mapper satellite data, the National Land Cover Dat CD) is 
land scheme applied consistently over the United States. The spatial 
of th ected in rs 
ual A 1 m cel  was 
 to a shifted +90 m est 
Pig. 
elv2: The elevation grid (meters) was created by importing the USGS DEM data and 
 to a
_slo: The slope theme was created from the elevation grid using the command “Analysis - 
illsh  or “Grid Tools” Extension to Arcview a
he d muth, 45 degrees elevation, and 1 Z-facto

v_ft: The elevation grid in units of feet was created from the USGS DEM by using Analysis 
- Map Calculator, and then clicking Evaluate. The input expression was ( [Grid1] * 3.28084).  

vshd  by overlaying the hue of the elevation grid with 
ness o _elv2, e_shd2) are a sha  
rived e GridPig Extension comm  “Clip 

lyg hen the 
r w n t to 

Grid was used to make the reprojected grids permanent, and the Legend Editor was used to save 

k2 shapefile was not shifted because the peak location
ifted becau

ified 
accurately

t v
gh. The stream layer stream.shp was not sh was fai

good; i +/- 100 m in all directions. 

images, a king the best fit of the boundary line
same area G

command
mes were clipped to the 
 grid with polygon” and sp

sion 

UTM 11 NAD 1983 with the Minnesota 
with the  NADCON extension. In this project grids were rep
transformatio  nearest neighbor interpolation, and zero cell size. The grids were saved as new grids 

3 sub-folder.  in the UTM
Im rop Miser Version 2 was used to crop multiband tif images cti

Projection typically accomplished by prior conversion to grids using the ens
Warp ges to match a georeferenced layer was accom  
ImageWarp . All of the coverages and grids were converted to tif images ing
onto a CD.
 
Themes: 
 

also, “Lsat92c”): Washington Vegetation Cover (MRLC, 2003) derive
early to m 90s Landsat Thematic a (NL
a 21-class cover classification 
resolution 
Conical Eq

e data is 30 meters. The data format is 8 bit binary, Geo-TIFF, proj
rea NAD 1983. For this project the ArcInfo coverage with 31.997

age. The image was 

 Albe
l size

converted
 

grid and then to a georeferenced TIF im eters w
with Grid

E_
converting  grid.  

Elv
Extended H
accepting t

ade” from the Grid Enhancement nd 
efault values of 315 degrees azi r. 

El

Ele .tif: this is a multiband image made
the bright f the hillshade grid. Elevation + Hillshade grids (e ded
couplet de  from 10m USGS DEMS (cell size 10.6657) Th and
Grid with Po on” command was used to clip E-elv2 and E_shd2 by the clipping polygon. T
Legend Edito as used to copy the old legend colors to the cropped grids. Theme - Co ver
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d files ; the ghtness 
theme is set set

Grz1, G bear vegetation map (Almack et al, 1993). This was 
to im Landsat image with a 57 m cell size into grid and then  a 

IF image. The files grz1 and grz2 had acceptable positional accuracy, i.e., 1-2 61 m pixels off in the 
n. These were not shifted. 

op ltiband satellite image from approximately 1990, with the
set to ge. 

New_za t b  
Swedberg and georeferenced to UTM 11 NAD 1983. The Imagine Image Analysis Tools Extension 

sed to co  grids to the correct po ion. 
Pig T nvert the grids back to TIFF images. 

al g subfolder RG files 

a.l ed f  

inc  d ult .tfw 

if em into cview. 
ar
 j e obliquel ranged 

igital er scans of images which are 
nced ere downloaded from th DA 

://wag n the orthos subfo As 
nde header fi t 
tio  used in roject, 

tion and 1991 7.5' orthophoto quads at 2 m 
ion. The re used as a base map for areas adjacent to th

n boun  Lake, Conconu st, 
e q  SWA (L is, 

Blue Goat Mountain, and Conconully East quads) 
New_m osite image of a digitally scanned USGS topo hic 

ed a lly photographi SGS 
 w rted to g  

mosaiced into a single image, and converted to a single TIF image (This image is also available as an 
 .img im folder). 

       

the legen . The Elevation grid e_elv2 is used to generate the hues in the display
 to e_shd2 in the advanced menu. 
rz2: North Cascades grizzly 

 bri

converted ages from a 1992 ce into
T
x direction and about 1 pixel off in the y-directio

Lancr .tif: This is a mu  band 
interleave  display vegetation in greens, yellows and oran

ch64.tif, New_zach43.tif: These are 1964 and 1943 JPEG images sen y Dale

was u nvert the jpg images to grids, and then to warp the sit
Then Grid ools was used to co

Digit
are images of USGS topographic maps downloaded from the WAGDA site 

Raster Graphics (DRG) quads: - These are contained in the dr . D

(http://wagd
WAGDA in summer of 2003. The downloaded files were in UTM zone 11 NAD 1927, which also 

ib.washington.edu). The 7.5' collarless DRG quad files were download rom

matches the 
file with the .tfw83 file, by deleting the former, and renaming the latter .tfw file with the same file 

luded .tfw file. The datum was changed to NAD 1983 by replacing the efa

prefix as the .t
The term coll

 file, and then including both in the same folder before loading th
less refers to the transparent edge of the quad, which is clipped to be the absolute 

 Ar

minimum that
in the view. 

ust includes the quad, and which only overlaps where quads ar

tal rast

y ar

D
ere

Orthophotos: Orthophotos are digi
georef
site (ht

to overlay onto a 7.5’ USGS quadrangle. These w
da.lib.washington.edu). Digital orthophotos are s

e W
lde

AG
tp

described
tored i

r DRG files above, the downloaded data contains altern
r. 

les tha u
allow projec

ate .tfw 
n of the files in UTM 11 NAD 1983. Two sets of orthophotos are this p

with 1998 7’5’ orthophoto quads at 1-m resolu
resolut  lower resolution 2-m files a e 
Sinlaheki dary (Duncan Ridge, Enterprise, Coxit Mountain, Aeneas lly We
and Riversid uads). The high resolution images are used for GIS analysis of the oom

os.tif: This image is a comp grap
images (us s an alternate to the DRG images). It was created by digita ng a U
map and then arping the images to georeference them. They were then conve rids,

Imagine age format in the gisdata 
                          
 


	Sinlahekin Wildlife Area Assessment
	Spring and Summer 2003
	Dave Demyan, George Wooten, Michael Dunn, Bob Clark, Lorah Waters, Sherrie Farmer
	Contents
	A. Overview  …………………………………………………………..3
	D. Data Summary
	Appendix A. Protocol and Data Dictionary for Sinlahekin Plots
	Section I
	A. Project Overview
	Section II

	Historic Conditions
	Historic conditions
	Condition Class
	Possible Management Options
	Section III


	Section IV
	Appendix A - Protocol and Data Dictionary for Sinlahekin Plots
	Contents of Appendix A
	A.1. Protocol for ecology plots and stand assessments (including personnel performing work)
	A.2. Data Dictionary for Database Records (George Wooten)
	A.3. Species codes (George Wooten)
	A.4. Plant Community / Associations Key (George Wooten)

	A.1. Protocol for ecology plots and stand assessments
	a. Detail plot (Transect Permanent Plot)
	b. Stand Exam Plot and sub-plots
	Preparation - location of Stand and sub-plot no. 1
	b(1) Sub-plot Stand Exam Section 0 - Header (only record once per plot)
	Date: YYYY - MM - DD
	Observers: Record initials
	TRS/stand #: Township-Range-Section and Stand no.
	b(2) Sub-plot Stand Exam Section IITrees  (record data below for each tree marked “In” with the Relaskop)
	DBH (only for saplings)
	Crown Class: see Section b(2) above for description.
	Crown Ratio: see Section b(2) above for description.



	c. Eco-Assessment Plots
	Observer Initials
	Slope percent: minimum/average
	Aspect degrees: minimum/average
	A.2. Data Dictionary
	Table 12346: Linked table 2 - Site Data
	Table 12346 - Linked table 3 - Tree stand data
	A.3. Species codes
	A.4. Plant Community / Associations Key

	Key to Vegetation Communities of the Sinlahekin Wildlife Area (SWA) of North-Central Washington
	1. Man-made
	2. Talus, cliffs or aquatic
	3. Upland forests - with tree species present and reproducing
	4. Uplands with trees < 10% and trees unlikely to increase > 10%
	6. Wetland swamps - shrub layer
	7. Wetland herbaceous layer
	Minnesota Department of Natural Resources (DNR) Projection Utility Extension (Developed for the Michigan DNR by Pacific Meridian Resources, September, 2000). This extension allows projection of shapefiles within ESRI’s ArcView (http://www.dnr.state.mn.us/mis/gis/tools/arcview/extensions.html).
	X shift



