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1 Purposes and Objectives 
 
The purpose of this project is to rank and prioritize the sensitivity of watersheds within the Lakes 
Timber Supply Area. These rankings will support joint MoE and IFPA SFM Plan monitoring 
activities with respect to management of hydrological resources including restoration activities in 
the Lakes TSA. Specific objectives of this project are to: 
 

1. Computation of watershed sensitivity relative to increased peak flows; and 
2. Computation of watershed sensitivity relative to increases in fine sediment. 

 
 
The rationale for managing these objectives within an SFM plan is that these plans are routinely 
monitored and audited and doing so can be cost effective. This is consistent with the FIA 
objective of prioritizing sub‐basins and reaches to identify high priority target watershed where 
restoration treatments are required and where the restoration treatments would have a high 
likelihood of being effective at meeting restoration objectives 

2 Content of Interim Report 
 
This interim report, and its appendices, provides the following deliverables: 
 

1. A description of the methodology used to compute the watershed sensitivity relative to 
increased peak flows 

2. A description of the methodology used to compute the watershed sensitivity relative to 
increases in fine sediments 

3. A map that shows the location of the “small” sized watersheds in the project area 
(Appendix 2) 

4. A map that shows the location of the “medium” sized watersheds in the project area 
(Appendix 3) 

5. Indicator and parameter values obtained from maps and aerial photography and the 
computations and rankings of the 32 “small” watersheds relative to their sensitivity to 
increases in fine sediments (separate Excel spreadsheet, i.e. “Small sheds ranked for 
sediment sensitivity 2 march 2010.xlsx”).  

6. Indicator and parameter values obtained from maps and aerial photography and the 
computations and ranking of the 25 “medium” watersheds relative to their sensitivity to 
increases in fine sediments (separate Excel spreadsheet, i.e. “Medium sheds ranked for 
sediment sensitivity 2 march 2010.xlsx”).  

7. Indicator and parameter values obtained from maps and aerial photography and the 
computations and ranking of the 32 “small” watersheds relative to their sensitivity to 
increases in peakflows (separate Excel spreadsheet, i.e. “Small sheds ranked for peakflow 
sensitivity 2 march 2010.xlsx”).  

8. Indicator and parameter values obtained from maps and aerial photography and the 
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computations and ranking of the 25 “medium” watersheds relative to their sensitivity to 
increases in peakflows (separate Excel spreadsheet, i.e. “Medium sheds ranked for 
peakflow sensitivity 2 march 2010.xlsx”). 

9. A collection of aerial images for each of the watersheds analysed to date. Each image 
shows the general topography and hydrology of the watersheds, along with the level of 
disturbance in the watershed. Each image also includes the name of the watershed and its 
peak flow and sediment sensitivity rankings. This provides a good visual representation of 
each watershed.  

Important Note:  

3 Computation of Watershed Sensitivity relative to increased peak flows 

The ECA values for each watershed have not yet been computed, nor have 
the ECA databases been compiled. This will be done in phase two of the project.  The ECA 
values that appear in the Peakfow sensitivity spreadsheets (i.e. peakflow hazard indicator) are 
only visual estimates obtained from the aerial photographs. However, the computations of the 
density of stream crossings (i.e. the sediment hazard indicator) are complete and thus the 
Sediment risk ratings are correct.  

 
The computation of the watershed sensitivity, relative to the potential for increases in peak flows 
(PFs), will be computed as follows:  
 
    PFs= Rs * TOP * LAT *VERT*CLIM*SYNC* NDTf 
 
Where:  

1.  Rs = The Rosgen stream channel sensitivity score, applied to the lower reaches of the 
watershed (Rosgen 1996, 2006). This is the most important component of the sensitivity 
score. Figure 1 (from Rosgen 2006) provides the probability of channel destabilization for 
different stream channel types based on the amount of disturbance in the watershed 
(indexed by ECA).   

2. TOP = The watershed topography factor. This is related to generally topography of the 
watershed and the connectivity of the hillslopes to the stream network 

3.  LAT = The lateral drainage efficiency factor of the watershed (related to the number, size 
and location of lakes and wetlands in the watershed) 

4. VERT = This is the typology factor which considers general soils and bedrock types and 
their effect on the conductivity of water through the soil , i.e. the proportion of shallow 
soils over bedrock (fast) vs deep soils over fractured bedrock flow (slow).  

5. CLIM = The influence of climate type (as indexed by Biogeoclimatic subzones) on potential 
for increases in peak flows cause by land disturbance. For example a rain-on-snow zone 
will be much more sensitive then a dry desert type.  

6. SYNC = The flow synchronization factor. This factor considers the distribution of elevation 
zones in the watershed and how flows may potentially be desynchronized with a greater 
distribution of elevation bands. For example a flat watershed , where most of the area 
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generates peak flows at a similar time (i.e. flows are synchronized) will be more sensitive 
to extensive land-use disturbances then will be a steeper watershed.  

7. NDTf = The dominant natural disturbance type in the watershed. (NDTf).  The assumption 
here is that a lower sensitivity rating will be given to those watersheds where large natural 
disturbances are frequent and the biological communities may be better adapted to frequent 
natural changes caused by large disturbances (e.g. wildfires, insect infestations and possibly 
clearcutting). 

 
 
The computation of the overall watershed sensitivity ((PFs) is based on the sensitivity rating 
classes and scores provided in the following tables (Table 1 to Table 7).  
 

3.1  The Rosgen Stream Channel Sensitivity Score (Rs) 
 
The Rosgen Stream channel classification system (Rosgen 1996, 2006) divides stream channels 
into 8 basic stream types based on: a) single or multi-thread channels, b) the entrenchment ratio of 
the channel, c) the width/depth ratio and d) the sinuosity of the channel. The system further 
classifies channels into 96 sub types based on the dominant channel material. Figure 2, extracted 
from the book Applied River Hydrology (Rosgen 1996), provides an illustration of the primary 
delineative criteria for the major stream types. Although most of the criteria are meant to be 
measured in the field, it is relatively easy (based on extensive professional experience) to infer the 
approximate values of the delineative criteria from digital orthophotos, maps, a personal familiarity 
with the study areas and a helicopter overflight.  
 
Rosgen (1996) also supplies management interpretations for each of the stream types included in 
the classification system (Figure 1, extracted from Rosgen 1996). This figure shows the probability 
of channel destabilization with increasing forest removal, for each of the Rosgen stream classes. 
The sensitivity scores, for each of the stream sensitivity classes identified by Rosgen (1996), are 
provided in Table 1.  
 
The USEPA has developed a watershed assessment model based on the concepts of the Rosgen 
channel classification system (http://www.epa.gov/warsss). This model is called the Watershed 
Assessment of River Stability and Sediment Supply (WARSSS). It is a comprehensive model that 
investigates watershed processes at a variety of scales and levels and is used to assess the risks to 
stream channels caused by land-use activities in the watershed. Although it is more comprehensive 
then the approach used for this project, it has a lot of similarities. It uses the Rosgen stream types 
as the basic building blocks of the assessment and defines the risk of outcomes like channel 
enlargement and bank erosion based on the type and activity level of different hazards in the 
watershed (e.g. forest removal, roads and riparian logging). This is very similar to the approach 
used for this project. Figure 1, which has been extracted from the WARSSS procedural handbook, 
illustrates how the different stream types are used to define risk relative to ECA and Roads. It is 
obvious from these graphs that A1, A2, B1, B2 are the least sensitive channel types, while the G3-
G6 and F3-F6 are the most sensitive channel types. The WARSSS system, much like the system 
used for this project, will identify a larger risk as the condition of a particular channel type 
deteriorates (e.g. reduced riparian function or geomorphic instability). The Rs for the whole 
watershed is usually determined by the most sensitive reach, i.e. the “weak link”. If the channel 
shows signs of instability the sensitivity class is increased by one.   

http://www.epa.gov/warsss�
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Table 1. Rosgen channel sensitivity rating table (Rs). 

 

Rosgen Stream Type Stream Sensitivity Class  Channel Sensitivity 
Score (Rs) 

A3 to A6 
F3 to F6, G3 to G6 Very High 5 

C3 to C6 and D3 to D6 High 4 
E3 to E6 Moderate 3 

C1 and C2 and B3 to B6 Low 2 
A1, A2, B1, B2, F1, F2, G1, G2 Very Low 1 

 

3.2  The Watershed Topography Score (TOPO) 
 
It is considered here that a watershed that has a very gentle topography will be less efficient in the 
transport of water downstream through the watershed and will have a slower “time to peak”, 
compared to a watershed that is steep with the hill slopes tightly coupled to the stream network. 
Consequently, a watershed with a gentle topography is considered as less sensitive to increased 
peak flows and large scale disturbances compared to a very steep watershed that is highly coupled 
to the hillslopes. The assessment is based on the review of the, TRIM maps and the digital 
orthophotos. The drainage efficiency factors used to “modify” the Rosgen channel sensitivity score 
are provided in Table 2. 

 
 

Table 2. Watershed topography rating table (TOPO). 
 

Description of the watershed Topography 
Factor (TOPO) 

Gently rolling with very wide uncoupled floodplains 0.9 

Hilly, gentle mountains, generally uncoupled with wide valley flats 0.95 

Mountainous with localized steepness  1.0 
Generally steep and coupled  1.05 
Very steep and tightly coupled 1.10 

 

3.3  The Watershed Lateral Drainage Efficiency Score (LAT) 
 
It is considered here that a watershed that has numerous lakes and swamps near the mouth of the 
river will have more of a buffering capacity for peak flows than a watershed that does not have any 
lakes or swamps. Consequently, a watershed with no lakes or swamps is considered as being more 
sensitive to increased peak flows. As the area of lakes/swamps increases throughout the watershed, 
the sensitivity is considered to decrease. This is an important factor that has the potential to 
decrease the sensitivity of a watershed substantially. The drainage efficiency factor is used to 
“modify” the Rosgen channel sensitivity score are provided in Table 3. 
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Table 3. Watershed drainage efficiency rating table (LAT). 

 
Description of Watershed Characteristics relative to 

abundance of lakes and wetlands 
Drainage efficiency and 

lateral connectivity  (LAT) 
Numerous lakes, or one big lake, near outlet (big reduction in 
sensitivity) low drainage density 0.8 

Numerous lakes that are scattered throughout watershed, low to 
moderate drainage density 0.9 

Moderate amount of lakes scattered throughout watershed with 
moderate to high drainage density.   1.0 

Few lakes/swamps that are scattered throughout watershed with high 
drainage density 1.05 

No lakes, very high drainage density 1.1 
 
 

3.4  The Watershed Typology Score (VERT) 
 
The typology factor considers general soils and bedrock types and their effect on the conductivity 
of water through the soil, i.e. the proportion of shallow horizontal flow (fast) vs deep bedrock flow 
(slow). It is considered that the efficiency of movement of water through the watershed decreases 
with the depth of porous soils and fractured bedrock.  
 

Table 4. Watershed typology rating table (VERT). 
 

Description of the watershed 

Typology Factor 
Soils and bedrock 
relative to vertical 
vs horizontal 
drainage 
(VERT) 

Very deep porous soils with fractured bedrock 0.9 
Deep porous soils with fractured bedrock 0.95 
Shallow soils with fractured bedrock or deep soils with solid 
bedrock 1.0 

Moderately shallow soils with solid bedrock 1.05 
Very shallow soils and solid bedrock 1.10 
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3.5 The Watershed Flow Synchronization Score (SYNC) 
 
The flow synchronization factor. This factor considers the distribution of elevation zones in the 
watershed and how flows may potentially be desynchronized with a greater distribution of 
elevation bands. For example a flat watershed , where most of the area generates peak flows at a 
similar time (i.e. flows are synchronized) will be more sensitive to extensive land-use disturbances 
then will be a steeper watershed. 
 

Table 5. Watershed flow synchronization rating table (SYNC). 
% of watershed in “Low Elevation (i.e. less than 300 m 
above outlet) 

Flow Synchronization 
Factor (SYNC) 

<10 0.9 

10-30 0.95 

30-60 1.0 

60-90 1.05 

90-100 1.10 
 

3.6 The Natural Disturbance Type Score (NDTf) 
 
The dominant natural disturbance type in the watershed. (NDTf).  The assumption here is that a 
lower sensitivity rating will be given to those watersheds where large natural disturbances are 
frequent and the biological communities may be better adapted to frequent natural changes caused 
by large disturbances (e.g. wildfires, insect infestations and possibly clearcutting). 
 

Table 6. Watershed natural disturbance type rating table (NDTf). 

Dominant NDT Type in watershed Natural Disturbance 
factor (NDTf) 

NDT 5 - Alpine tundra and subalpine park land ( less 
sensitive because better adapted to being disturbed) 0.93 

NDT 4 - Frequent stand maintaining fires, (less sensitive 
because better adapted to frequent disturbance) 

0.96 

NDT 3 - Frequent stand initiating fires, (a bit less 
sensitive) 1.0 

NDT 2 - Infrequent stand-initiating events (minor increase 
in sensitivity) 1.05 

NDT 1 - Rare stand initiating events (increase in 
sensitivity) 1.08 

 

3.7 The Watershed Peak Flow Climate Generation Score (CLIM) 
 
The influence of climate type (as indexed by Biogeoclimatic subzones) on potential for increases in 
peak flows cause by land disturbance. For example a rain-on-snow zone will be much more 
sensitive then a dry desert type. 
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Table 7. Watershed climate type rating table (CLIM). 
 

 
 

BEC 
Zone 

Weight for BEC Peak Flow Generation 
Index 

Justification for Peak Flow Generation Weight Selection 
 

Rank 
1= Logging in this zone 
generates the biggest 
increases in peak flows 
14= Logging in this 
zones causes the least 
effect on increases in 
peak flows 

Score (CLIM) 
(Score is scaled from 0 
to 1, where 1 is biggest 
impact and 0 would be 

no impact at all) 
 

MH High 1.1 Deepest snowpack and rain on snow zones 

ICH High 1.1 Wet climate with potentially lots of snow, not that much different than MH 

ESSF High 1.1 Deep snowpacks and thus the effect of logging on snow accumulation and melt can be 
significant. Not that much different than ICH and ESSF 

MS High 1.1 Climate is wet and snowy (less than ESSF, but more than SBS) 

SBS High 1.1 Not a huge annual precipitation, but significant snowpack 

CWH Moderate 1.0 Lots of rain, but not much snow. Thus effects of tree removal are less, but still significant 

CDF Moderate 1.0 Lots of rain, but virtually no snow 

SWB Moderate 1.0 Although winters are long, snowpacks are not that deep.  

BWBS Low-Mod 0.85 Although winters are long, snowpacks are not that deep. 

SBPS Low 0.65 Very dry and low snowpack, but completely forested.  

IDF Low 0.65 Most of the zone is relatively dry with generally more rain than snow. 

PP Very Low 0.30 Very dry and low snowpack, not much logging potential in PP 

BG Very Low 0.30 Minimal logging in this zone 

AT Very Low 0.30 No logging in this zone 
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Figure 1. Probability of stream channel destabilzation and accelerated bank erosion associated 
with increases in equivalent clearcut area, for different Rosgen stream types (adapted from 
Rosgen 2006).  

 
 

Table 8. Determination of the sensitivity rating class based on the sensitivity scores. 
 

Sensitivity Rating Sensitivity Score 

Extreme greater than or equal to 5.5 

Very High 4.5 to 5.49 
High 3.5 to 4.49 

Moderate 2.5 to 3.49 
Low 1.5 to 2.49 

Very Low less than 1.49 
 

 
 

Probability of channel destabilization

Increased sensitivity of channel types
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4 Computation of Watershed Sensitivity relative to increases in fine sediment 
 
 
The sensitivity to increased fine sediment (FSs) is computed as follows:  
 
    FSs = FSHs * LAT_CON* TOPOG* CLIMfs 
 

1.  FSHs = The sensitivity of the fish species present in the watershed according to the 
classification developed by the Watershed Evaluation Tool (Appendix 1) 

2.  LAT_CON= The lateral connectivity of the overall watershed to transport fine sediment to 
the point of interest (it is related to the number, size and location of lakes and wetlands in 
the watershed).  

3.  TOPOG= The relative overall steepness of the watershed relative to the efficiency of the 
watershed in transporting fine sediment to the point of interest (a steeper watershed will 
transport sediment to the point of interest much better than a flat watershed). . 

4. CLIMfs =The influence of climate type (as indexed by Biogeoclimatic subzones) on the 
potential for increases in fine sediment caused by land disturbance. This variable is mostly 
based on the amount and intensity o rainfall that characterizes a particular biogeoclimatic 
zone.  

 

4.1 Fish Species Sensitivity Score (FSHs) 
 
Although it is possible for increases in fine sediments to have a direct impact on channel 
morphology, in general the increases are not large enough for this to happen. Consequently, the 
stream channel type and its stability are not the main factors that drive the sensitivity of the stream 
channel to increased inputs of fine sediments. Increases in fine sediments (or suspended sediments) 
tend to have more of a direct impact on the biological organisms within the stream, than they do on 
the physical de-stabilizing of the stream channel. Consequently, the main factor used for 
determining sensitivity to increased loads of fine sediment is the species of fish present in the 
watershed and their relative sensitivities to disturbance, rather than the Rosgen stream channel 
type. Table 9 below is used to determine the fish species sensitivity score. These scores have been 
adapted from the species sensitivities scores used in the Ministry of the Environment Watershed 
Evaluation Tool (WET) (Appendix 1) 
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Table 9. Fish Species Sensitivity Scores based on the WET Procedure.  
 

Fish Species Fish Species 
Sensitivity Score 

MoE Relative 
Sensitivity 

01-Bull trout 5 1 
02- Dolly Varden 5 1 
03-Coho Salmon 4.7 0.94 

04 - Chinook Salmon 4.4 0.88 
05 - Coastal Cutthroat 4.4 0.88 

06 - Cutthroat trout 
4.4 0.88 

07 - Mountain Whitefish 4.4 0.88 
08- Westslope Cutthroat Trout 

4.4 0.88 
09- Artic Greyling 4.05 0.81 

10- Burbot 4.05 0.81 
11- Lower Koootenay Burbot 

4.05 0.81 
12- Steelhead 

4.05 0.81 
13- Williston Lake Artic Greyling 

4.05 0.81 
14- Northern Mountain Sucker 

3.75 0.75 
15- Rainbow Trout 3.75 0.75 
16- Salish Sucker 3.75 0.75 
17- Artic Cisco 3.45 0.69 

18- Broad Whitefish 
3.45 0.69 

19- Chum Salmon 3.45 0.69 
20- Coastrange Sculpin 3.45 0.69 

21-Kokanee 3.45 0.69 
22-Lake Trout 3.45 0.69 

23-Morrison Creek lamprey 

3.45 0.69 
24-Shorthead Sculpin 

3.45 0.69 
25-Sockeye Salmon 3.45 0.69 
26-Lake whitefish 3.15 0.63 

27-Least Cisco 3.15 0.63 
28-Longfin Smelt 3.15 0.63 
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29-Longnose sucker 3.15 0.63 
30-Mottled Sculpin 3.15 0.63 
31-Nooksack dace 

3.15 0.63 
32-Pacific Lamprey 3.15 0.63 
33-Round white fish 3.15 0.63 
34-Torrent Sculpin 3.15 0.63 

35-Lake Cisko 2.8 0.56 
36-Longnose Dance 2.8 0.56 

37-Pygmy Longfin smelt 
2.8 0.56 

38-River Lamprey 2.8 0.56 
39-Slimy Sculpin 2.8 0.56 

40-Western Brook Lamprey 

2.8 0.56 
41-Chislemouth 2.5 0.5 

42-Eulachon 2.5 0.5 
43-Lake Chub 

2.5 0.5 
44-Northern Pearl dace 2.5 0.5 

45-Pink salmon 2.5 0.5 
46-Prickly Sculpin 2.5 0.5 

47-Pygmy whitefish 2.5 0.5 
48-Spoonhead sculpin 2.5 0.5 

49-White sucker 
2.5 0.5 

50-Brasy Minnow 2.2 0.44 
51-Bridgelip Sucker 2.2 0.44 

52-Brook Stickleback 2.2 0.44 
53-Flathead Chub 2.2 0.44 
54-Lake Lamprey 2.2 0.44 

55-Largescale Sucker 
2.2 0.44 

56-Peamouth Chub 2.2 0.44 
57-Redside Shiner 2.2 0.44 
58-Speckled Dace 2.2 0.44 

59-Troutperch 2.2 0.44 
60-Umatilla dace 2.2 0.44 

62-Walleye 
2.2 0.44 

63-American Shad 1.9 0.38 
64-Cultus lake Sculpin 1.9 0.38 
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65-Green Sturgeon 1.9 0.38 
66-Ninespine Stickleback 1.9 0.38 
67-Northern Pike-minnow 

1.9 0.38 
68-White Sturgeon 1.9 0.38 

69-Goldeye 1.55 0.31 
70-leopard Dace 1.55 0.31 

71-Spottail shiner 1.55 0.31 
72-Finscale Dace 1.25 0.25 
73-Northern Pike 

1.25 0.25 
74-Northern Redbelly Dace 

1.25 0.25 
75-Emerald shiner 0.95 0.19 

76-Threespine Stickleback 

0.95 0.19 
77-Yellow Perch 0.95 0.19 

 

4.2 Lateral Connectivity Factor (LAT_CON) 
 
This factor is very similar in concept to the LAT described in section 3.3 of this document. 
However, in this case the factor values are a little different because large lakes and swamps are 
somewhat more efficient at buffering the downstream transport of fine sediment then they are 
buffering the transport of peak flows (but not as effective as buffering the transport of coarse 
sediments). The fine sediment transport buffer factor is used to “modify” the fish sensitivity score. 
 

Table 10. Fine sediment transport buffer factors used to “modify” the fish species sensitivity 
score.  

Description of Watershed Characteristics relative to 
abundance of lakes and wetlands 

Fine Sediment Transport 
Buffer factor for lower 
reaches (LAT_CON) 

Numerous lakes, or one big lake, near outlet (big 
reduction in sensitivity) 0.80 

Numerous lakes that are scattered throughout watershed 0.9 
Moderate amount of lakes scattered throughout watershed 1.0 
Few lakes that are scattered throughout watershed 1.1 
No lakes (no reduction in sensitivity) 1.2 
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4.3 The Fine Sediment Topography Factor (TOPOG) 
 
The fine sediment topography factor is similar in concept as the peak flow drainage efficiency 
factor described in section 3.2 of this document. However, this factor considers the general shape 
of the watershed and the connectivity of the hill slopes to the stream network and the efficiency of 
the hill slope to deliver fine sediment to the stream network. The assessment is based on the review 
of the, TRIM maps and the digital orthophotos. The fine sediment drainage efficiency factors used 
to “modify” the fish species sensitivity score are provided in Table 11. 
 

Table 11. Fine Sediment Drainage Efficiency factors used to “modify” the Fish Species 
Sensitivity score. 

 

Description of the watershed 

Fine Sediment 
Drainage 
Efficiency Factor 
(Topog) 

Gently rolling with very wide uncoupled floodplains and low 
drainage density (small reduction in sensitivity) 0.80 

Hilly, gentle mountains, generally uncoupled with low to 
moderate drainage density.  0.90 

Mountainous with localized steepness with moderate to high 
drainage density.   1.0 

Generally steep and coupled with high drainage density 1.1 

Very steep and tightly coupled with very high drainage density (no 
reduction in sensitivity) 1.1 

 
 

 

4.4 Climate factor for generating fine sediment (CLIMfs) 
 

The influence of climate type (as indexed by Biogeoclimatic subzones) on the potential for 
increases in fine sediment caused by land disturbance. This variable is mostly based on the 
amount and intensity o rainfall that characterizes a particular biogeoclimatic zone. 
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Table 12. Watershed climate type rating table (CLIMfs) for fine sediment transport (from 
rainiest to driest). 

 

BEC Zone 

Weight for Fine Sediment Generation 
Index 

“Rain” Rank Score (CLIMfs) 

MH Very High 1.2 

ICH Very High 1.2 

CWH Very High 1.2 

CDF Very High 1.2 

ESSF High 1.1 

MS High 1.1 

SWB High 1.1 

BWBS Moderate 1.0 

SBS Moderate 1.0 

SBPS Low 0.90 

IDF Low 0.90 

PP Very Low 0.80 

BG Very Low 0.80 

AT Very Low 0.80 
 

Table 13. Determination of the watershed Fine Sediment sensitivity rating class based on the 
fine sediment sensitivity scores. 

 

Sensitivity Rating Sensitivity Score 

Extreme greater than or equal to 5.5 

Very High 4.5 to 5.49 
High 3.5 to 4.49 

Moderate 2.5 to 3.49 
Low 1.5 to 2.49 

Very Low less than 1.49 
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6 Appendix 1. Fish Sensitivity Score Determined by the Provincial WET Tool 
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7 Appendix 2. General location of “small” watersheds in study area. 
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8 Appendix 3. General location of “medium” watersheds in study area. 
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