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Appendix II           DRAFT 
 

Documentation of the Restoration Task Team  
Watershed Restoration Proritization Model 

 
Introduction 

 
The Restoration Task Team of the Interagency Implementation Team (IIT) developed a model 
for prioritizing subbasins for restoration in the interior Columbia Basin.  This task was 
undertaken at the direction of the IIT since no formal watershed restoration strategy is currently 
in place, and to ensure that the federal land management agencies comply with the terms and 
conditions and commitments in the PACFISH/INFISH aquatic conservation strategies and the 
more recent biological opinions for salmon, steelhead and bull trout.  The main report outlines 
the team=s restoration philosophy and strategy.  A systematic approach to prioritizing subbasins 
for restoration in the interior Columbia Basin was needed since some subbasins are known to 
have strong populations of listed or proposed aquatic species, others have a high potential for 
restoration of aquatic habitat, while still others may provide or contribute to the connectivity of 
aquatic habitat.  There also was the realization that there would likely be limited funding 
available for aquatic habitat or watershed restoration and that limited funds should be spent 
wisely and where the benefits to the listed species would be greatest.  Therefore, it was essential 
to stratify or prioritize subbasins in the interior Columbia Basin to ensure that high quality 
watersheds that are strongholds for listed fish species be protected, and to identify those 
watersheds that have a high expected potential for restoration and that would respond favorably 
to restoration efforts. 
 
The goal of the Restoration Task Team=s (Team) effort was to prioritize subbasins in the interior 
Columbia Basin into those that had high quality habitats and/or were strongholds for listed or 
proposed fish species, and those that had a high potential to benefit from restoration efforts for a 
moderate investment of limited discretionary funding.  This paper will document development of 
a prioritization model for watershed restoration.  This paper will cover: initial organization of the 
model, including selection of major categories and their associated analysis elements; 
preliminary testing on six, pre-selected subbasins; full-scale operation testing and sensitivity 
assessment and final application. 
 
The team=s first approach to developing a prioritization model was to consider what habitat or 
species attributes would sufficiently portray the conditions of subbasins to be useful in a 
prioritization process.  In developing the model, the team considered and discussed the 
approaches described by Bradbury (1995) and the Interior Columbia Basin Ecosystem 
Management Program (ICBEMP) (1997), and their attempts at watershed priority setting.  The 
attributes initially selected included those that the team felt would be useful in a rigorous 
prioritization of subbasins for protection and restoration.  After the team conducted some 
preliminary work on the subbasin prioritization model using a suite of attributes, the team 
conferred with fishery biologists and hydrologists of ICBEMP.  The substantial ICBEMP 
database included many physical, chemical, and biological attributes of the 164 subbasins in the 
interior Columbia.  The team discussed the value and importance of numerous attributes, then 
selected appropriate attributes or indices from the ICBEMP database for more detailed 
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development of a subbasin restoration prioritization model.  The ICBEMP had already compiled 
some of the biological attributes that the team originally considered using into an index of 
aquatic integrity.  Other attributes or indices were selected in three broad categories.   
 
The prioritization model for subbasins was intended to fit into a hierarchical process (a Astep-
down@ process for analysis and planning, such as using watershed analysis to identify priority 
subwatersheds), be biologically focused (specifically, the focus was on fish, to provide long-term 
benefits to aquatic habitat for listed fish species) and to be applied at multiple scales.  Subbasins 
would be prioritized or ranked as high, medium, or low, then watersheds within the subbasins 
could be prioritized for restoration using a similar approach as part of subbasin review. 
 

Methods 
 
In developing the conceptual subbasin prioritization model for restoration, the team selected 
three broad categories of criteria.  Each of the three broad categories had one or several attributes 
or elements.  Biological criteria included listed/ proposed fish species (number of species); key 
native salmonid species (number of species); native fish species (number of species); target 
species abundance (relative abundance of target species); biological strongholds (number of 
strongholds); and fish community integrity (an index).  Watershed integrity criteria included 
predicted road density (by three road-density classes), land use allocations (by three bull trout 
BA classes), and federal land ownership (percent of federal land ownership within the subbasin). 
 Watershed risk included erodible land forms/soils (by three erosion risk classes).  Each category 
was ranked high, medium, or low for a selected subbasin.  The team selected, for a pilot run, six 
subbasins that reflected a range of geographic location and degree of development for the three 
defined categories, e.g., disturbed with high or low sediment yields.  The six subbasins were:  
Imnaha River, Upper Middle Fork Salmon River, Upper Grand Ronde River, Lochsa River, 
Upper Asotin Creek, and Middle Fork Payette River. 
 
As model development progressed, some elements of the original categories were modified 
somewhat from the original conceptual design.  These revised categories were Biological 
criteria, which included the index of aquatic integrity from ICBEMP that integrated a number of 
variables including the number of federally listed species, number of key salmonid populations, 
number of sensitive species, index of fish community integrity, etc.; and priority watersheds, by 
species (chinook salmon, steelhead and bull trout); Watershed integrity, which included 
management area category (MAC), predicted road density class, and percent of land in federal 
ownership (Forest Service or BLM) in the subbasin; and Watershed risk, using the sediment 
delivery index from ICBEMP.  The index of fish community integrity was aggregated up from 
subwatersheds to subbasins and ranked into three classes: 1 = low integrity, 2 = moderate 
integrity, 3 = high integrity.  For this model, management area categories (MAC) were also 
aggregated up and ranked into three classes: 3 = near natural conditions, 2 = intact managed 
areas, 1 = degraded managed areas.  These three broad MACs were derived by combining eight 
detailed MACs from the ICBEMP: 1) natural, unmodified environments, 2) special natural areas, 
3) essentially unmodified forested and grassland ecosystems, 4) natural-appearing, but modified 
for human use and occupancy; 5) modified forest ecosystems; 6) modified grasslands; 7) areas 
modified by human occupation and activities; 8) modified non-sustainable.  These eight 
categories were combined and reclassified into three categories as part of the programmated Bull 
Trout B.A. for INFISH:  undeveloped areas (1, 2, and 3), class 1; developed areas (4, 5, and 6), 
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class 2; and highly developed areas (7 and 8), class 3; that paralleled the three classes delineated 
by the team.  If class 1 has the majority, the score is 3, and MAC = 3.  If class 2 has the majority, 
the score is 2, and MAC = 2, and if class 3 has the majority, the score is 1, and MAC = 1.  This 
resulted in lesser developed areas having higher scores.  Five predicted road density attributes 
were aggregated up and the five classes reclassified into three classes: 3 = low (including none 
and very low), 2 = moderate (including low and moderate), and 1 = high (including high and 
extremely high).  Percent of land in federal ownership (Forest Service or BLM) was grouped and 
ranked as 1 = 0 - 36.07%, 2 = 36.08 - 72.97%, and 3 = greater than 72.97%.  Sediment delivery 
was ranked as 1 = low, if sed was greater than 0.025 and less than 1.073; 2 = moderate, if sed 
was greater than 1.074 and less than 2.391; and 3 = high, if sed was greater than 2.392 and less 
than 5.411.  The reclassified elements of the categories were ranked high, with a score of 3, 
medium, with a score of 2, and low, with a score of 1.  A score of 1 was the least valuable for 
restoration and three was the most valuable.  A score for each of the three categories ranged from 
one to three, based on the score of the attribute in each category.  Where there were two or more 
elements in a category, the score for the category was determined by averaging the scores for the 
individual attributes within the category.  
 
The subbasin prioritization model basically consisted of assigning a score to each subbasin that 
was the sum of its values for the biological criteria, watershed integrity, and watershed risk 
categories of the model.  In various test runs, categories were differentially weighted to 
emphasize selected categories and evaluate the sensitivity of the model to manipulations of the 
selected category.  In some cases, as explained below, categories were modified by deleting or 
adding elements or reversing the rankings of elements, to evaluate the sensitivity of the model.  
Actual prioritization ranking of high, medium, and low for the subbasins in each run was 
determined numerically using the natural break function of the ARCVIEW computer program.   
 
Eight formal test runs were run to test the sensitivity of the model to adding or dropping 
elements, changing the weighting of categories and/or changing the scoring of individual 
elements.  In Run 1, all categories were weighted equally, and prioritization scores for subbasins 
could range to as high as 9.  For all runs the index of aquatic integrity was included in the 
analysis.  In Runs 2 through 5, the biological criteria category (that included the index of fish 
community integrity) was weighted 2 times, and subbasin prioritization scores could range to as 
high as 12.  In Run 2A, the ICBEMP network of A1/A2 watersheds was averaged with fish 
community integrity to obtain a score for biological criteria.  In Run 3, the percent of land in 
federal ownership (Forest Service or BLM) and management area category were averaged and 
used instead of predicted road density for watershed integrity.  In Run 4, predicted road density 
and percent of federal land ownership were averaged and used instead of management area 
category.  In Run 5, only those subbasins with a high (3) and medium (2) ranking of index of fish 
community integrity were selected.  Low (1) priority subbasins, where present, were ranked zero 
and therefore did not contribute to the score of that category.  Also in Run 5, the relative ranking 
of predicted road density class within the watershed integrity category and sediment delivery 
index in watershed risk were reversed so that high road density and high sediment delivery were 
ranked three and low predicted road density and low sediment delivery were ranked one.  These 
changes, in Run 5, were done to examine the concept that the highest restoration priority should 
be where there are generally “good” biological conditions (high or medium Ap Integrity Index 
scores) in conjunction with treatable risk factors (road density and sediment delivery) 
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Once the initial run and the variously modified runs were completed, Run 2 was run again (as 
Run 6) but with a weight of 3 given to biological criteria, and Run 5 was run again (as Run 7) 
but this time including the subbasins with a low ranking for index of aquatic integrity, and 
assigning a weight of 3 to the biological criteria category.  The attributes predicted road density 
class and sediment delivery were ranked as they were initially.  But in Run 7, we once again 
reversed the ranking for predicted road density class and sediment delivery index.  Prioritization 
scores for these runs could range to as high as 15.  Table 1 summarizes these attributes for each 
run. 

Results 
 

The pilot run to test the initial model was conducted on the six selected subbasins.  The ranking 
for each subbasin and the categories are shown in Table 2.  After evaluating the results from the 
pilot run, the model was modified as described above and run on 79 of the 164 subbasins in the 
Columbia Basin east of the Cascades that met the criteria of containing one or more listed fish 
species, were covered by a biological opinion, and had greater than five percent federal (Forest 
Service or BLM ) land ownership.  Results of the analysis/model runs for the 79 subbasins tested 
in the model and the number of high, medium and low priority subbasins for restoration are 
shown in the Table 3 and figures 1, 3, 5, 7, 9, 11, 13, and 15.  A visual comparison of the 
resulting subbasin prioritization ranking of high, medium and low for each run is indicated by 
shading on distributional maps (Figures 2, 4, 6, 8,10,12, 14, and 16).  The dark shading 
represents high priority subbasins, while medium and light shading represent medium and low 
priority subbasins for protection or restoration, respectively.   The numerical breaks between 
high, medium and low priority subbasins for protection or restoration were from the natural 
break function of the ARCVIEW computer program. 
 
In Run 1, without differentially weighting any of the categories, the numerical score of subbasins 
ranged from 5 to 9 (Figure 1), with a large cluster of high priority subbasins in central Idaho that 
corresponds roughly to designated wilderness areas, and a similar but smaller cluster in central 
Oregon (Figure 2).  These areas generally also have a low predicted road density with a 
corresponding low human-caused sediment yield.  High priority designations generally 
corresponded to high quality habitat existing in wilderness areas.  In Run 2, where the biological 
criteria category was weighted 2 times, the numerical score of subbasins ranged from 6 to 12 
(Figure 3), and resulted in a reduced number of high priority subbasins but a corresponding 
increase in the number of medium priority subbasins (Figure 4).  Some low priority subbasins in 
Run 1 increased to medium priority in Run 2 (Figures 2 and 4).  Comparing Run 1 to Run 2, the 
higher weighting of the biological criteria category shifted priority to subbasins with higher 
aquatic integrity.  Mid-Columbia basins moved from low to medium.  In Run 2A, where the 
network of A1/A2 subbasins was averaged with fish community integrity, the numerical score of 
subbasins ranged from 6 to 12 (Figure 5); there was an increase in the number of high priority 
subbasins and a concomitant decrease in the number of low priority subbasins for restoration.  In 
Run 3, when predicted road density was dropped, the numerical score of subbasins ranged from 
6 to 12 (Figure 7), with some low priority subbasins in Montana increasing to medium priority 
compared to Run 2 (Figure 8).  However, the number of high priority subbasins decreased 
compared to Run 1.  In Run 4, where predicted road density class was used instead of 
management area category, the numerical score of subbasins ranged from 6 to 12 (Figure 9), and 
the distribution of high, medium and low priority subbasins for restoration was identical to Run 2 
(Figures 10 and 4).  Comparing Run 2 to Run 3 and Run 2 to Run 4, there was little change in 
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deleting either predicted road density class or management area category from the watershed 
integrity category.  This modification of the model was done initially because of concerns that 
predicted road density class was a poor indicator of range-dominated subbasins. 
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Table 1.  Categories and attributes used in subbasin prioritization model development. 
 

 
 

 
Biological criteria 

 
Watershed Integrity 

 
Watershed Risk 

 
 

 
$Aquatic integrity index 
$Steelhead, chinook salmon, 
bull trout priority watershed 
(Fish community integrity) 
$Percent of subbasins in 

A1/A2 watersheds (surrogate 
for priority watersheds) 

 
$Predicted road density class 
$Percent of subbasin in 
FS/BLM ownership 
$Management area 
categories (MAC) 

 
$Sediment delivery index 
(includes erosion hazard, slope 
steepness, and drainage 
density) 

 
Run Each attribute ranked high (3), 

medium (2), and low (1) 
  

 
 
1 

 
$Aquatic integrity index 
 

$Predicted road density class 
$Percent of subbasin in          
FS/BLM ownership 
$MAC 

 
$Sediment delivery index  

 
2 

 
$Aquatic integrity index     (x2) 
 

$Predicted road density class 
$Percent of subbasin in 
FS/BLM ownership 
$MAC 

 
$Sediment delivery index      

 
2A $Aquatic integrity index     (x2) 

$Percent of subbasins in            
   A1/A2 watersheds 

$Predicted road density class 
$Percent of subbasin in          
FS/BLM ownership 
$MAC 

 
$Sediment delivery index    

 
3 $Aquatic integrity index     (x2) 

 
$Percent of subbasin in          
FS/BLM ownership 
$MAC 

 
$Sediment delivery index   

4 $Aquatic integrity index     (x2) 
 

$Predicted road density class 
$Percent of subbasin in          
FS/BLM ownership 

 
$Sediment delivery index  

5 $Aquatic integrity index     (x2) 
(only high = 3 and medium = 2 
subbasins included; low = 0) 
$Steelhead and chinook         
salmon priority watershed 

$Predicted road density class 
(ranking reversed) 
$Percent of subbasin in          
FS/BLM ownership 
$MAC 

$Sediment delivery index  
   (ranking reversed)   

6 $Aquatic integrity index     (x3) 
 

$Predicted road density class 
$Percent of subbasin in          
FS/BLM ownership 
$MAC 

$Sediment delivery inde    

7 $Aquatic integrity index     (x3) 
(all subbasins) 
 

$Predicted road density class   
(ranking reversed)  
$Percent of subbasin in          
FS/BLM ownership 
$MAC 

$Sediment delivery index        
    (ranking reversed)     
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Table 2.  Initial ranking of selected subbasins during initial phase of model development.   
 
  

High 
 
Medium 

 
Low 

 
   Subbasin 

 
Imnaha 
River 

 
Upper MF  
Salmon 
River 

 
Upper 
Grand Ronde 
River 

 
Lochsa 
River 

 
Lower 
Asotin 
Creek 

 
MF 
Payette 
River 

 
Aquatic 
Integrity 
Strongholds 

 
3 
 
2 

 
3 
 
3 

 
2 
 
1 

 
2 
 
3 

 
1 
 
1 

 
1 
 
0 

 
Percent 
Federal 
ownership 
Road Density 

 
3 
 
 
2 

 
3 
 
 
3 

 
2 
 
 
1 

 
3 
 
 
2 

 
1 
 
 
2 

 
3 
 
 
1 

 
Sediment 
delivery 

 
1 

 
3 

 
2 

 
3 

 
1 

 
3 

 
Aquatic integrity index:  High = 3, Medium = 2, Low = 1 
Strongholds:  percent of subbasin in A1/A2 or priority watershed: High percentage = 3, Medium 

percentage = 2, Low percentage = 1 
Percent federal ownership = Percent of subbasin in Forest Service/ BLM ownership:   

High percentage = 3, Medium percentage = 2, Low percentage = 1 
Road density:  Low = 3, Medium = 2, High = 1 
Sediment delivery:  Low = 3, Medium = 2, High = 1 
 
The Imnaha and Upper Middle Fork Salmon Rivers were originally selected to represent high 
quality subbasins, the Upper Grand Ronde and Lochsa rivers were medium quality subbasins, 
and Lower Asotin Creek and Middle Fork Payette Rivers were low quality subbasins. 
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Table 3.  Number of subbasins in each category high, medium, and low for restoration 

rioritization. p 
 
 
Run number 

 
No. of watershed 

 
High 

 
Medium 

 
Low 

 
1 

 
79 

 
26 

 
25 

 
28 

 
2 

 
79 

 
17 

 
39 

 
23 

 
2A 

 
79 

 
23 

 
37 

 
19 

 
3 

 
79 

 
17 

 
41 

 
21 

 
4 

 
79 

 
17 

 
39 

 
23 

 
5 

 
79 

 
33 

 
31 

 
15 

 
6 

 
79 

 
24 

 
41 

 
14 

 
7 

 
79 

 
30 

 
34 

 
15 

  
 
Subbasins with high integrity and low risk factors as the highest priority for restoration.  Not 
wanting to loose these, in Run 5 we reversed the ranking of predicted road density and sediment 
delivery elements.  This was done to see the model’s response to incorporating treatable risk 
factors as important features of “high” priority for restoration.   In Run 5, subbasins with a low 
ranking for index of fish community integrity were not included in the analysis (low = 0), and 
only those subbasins with medium (2) and high (3) rankings of index of fish community integrity 
were included.  This was done so that only those subbasins with generally “good” biological 
conditions (high or medium aquatic integrity index rankings) were examined for treatable risk 
factors.  The numerical score of ranged from 5 to 11 (Figure 11).  This process elevated in 
priority those subbasins that were already in relatively good shape but which did have some 
threats of degradation due to higher predicted road density and a sediment delivery.  Basically, 
Run 5 captured all of the high priority subbasins identified from Run 2, and added some 
subbasins from northeast Oregon, southeast Washington, some along the Cascade Crest, and 
Montana (Figures 4 and 12).  Run 5 had the effect of looking at generally good subbasins that 
had some risks.  Some low and medium priority subbasins identified in Run 2 increased to 
medium or high priority for restoration.  Run 2 generally selected the least disturbed and most 
Aprotected@ subbasins; these generally had low development with low road density, high MAC, 
high percentage of land in federal ownership, low sediment delivery, and high index of fish 
community integrity, while Run 5 identified those subbasins with a high index of fish 
community integrity but with high development and degradation and therefore in need of 
restoration.  
 
Run 6, with the biological criteria category weighted 3 times but otherwise similar to Run 2, had 
numerical scores of subbasins that ranged from 7 to 15 (Figure 13), with an increase in both high 
and medium priority subbasins for restoration compared to Run 2.  Run 6 supported the results 
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from Run 2 that identified subbasins with generally “low” risk factors and “high” biological 
integrity.  A greater number of high priority subbasins for protection or restoration appeared 
(Figure 14). 
 
In Run 7, which was otherwise similar to Run 5 except that the subbasins with a low index of 
aquatic integrity were included in the analysis and the biological category was given a weight of 
3, the numerical score of subbasins ranged from 6 to 14 (Figure 15).  In this run there were three 
fewer high priority subbasins and three additional medium priority subbasins.  Including the low 
aquatic integrity subbasins did little to influence the overall pattern of high and medium priority 
subbasins.  Likewise, the results of Runs 5 and 7 were nearly identical except for the 
downgrading of three high priority subbasins to medium priority, reinforcing the results from 
Run 5 that identified subbasins in need of restoration.   

 
Discussion 

 
The final form of the model is clearly biologically based.  It has a strong emphasis on subbasins 
with strong biological indication (elements of the Aquatic Integrity Index).  It also places an 
emphasis on subbasins that retain strong biological attributes but which have varying degrees of 
“treatable” rixk to their continued integrity.  Such risks are inferred in the model using the road 
density element of the Watershed Integrity category and the Sediment Delivery element of the 
Watershed Risk Category. 
 
The prioritization of subbasins, using this approach, establishes a first cut, or, initial stratification 
of relative subbasin restoration priorities.  It is suggested that this information establishes the 
foundation for beginning a step-down process for selection of priority watersheds for restoration, 
within subbasins, and ultimately their analysis to develop individual restoration strategies.  The 
model is envisioned as a tool which can be utilized, in this process, as a useful tool. 
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