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A term that for many years has been used with varying 

enthusiasm is “Watershed Analysis”

Goal in Watershed Analysis is to establish causal relationships 

between and among physical and biological (and chemical) 

processes in order to assess the effects of past and future land 

use activity and to guide monitoring and restoration of 

watersheds and their ecosystems.

What was?

What is?

What could be?

What now?

What happened (after restoration occurs)

Adaptive 

management

Resource assessment

Prescription

BACKGROUND
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Physical and 

biological processes 

not linked
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Physical and 

biological processes 

not linked

Divide into “modules” and create  a massive report

Criticisms:

1) Little synthesis- modules create walls between 

specialists

2) Dead end data collection- not spatially registered, 

not motivated by and not useful for testing 

hypotheses; data not archived

3) No prescriptive strength
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Goal: Develop (process-based) models using digital topographic 

and surface attributes (such as geology, vegetation, and 

landuse) to predict the linkages between landuse and ecosystem 

function in order to guide management decisions. 

Debris flow tracks, 1996, Oregon Coast Range

Skid trails, NCED SF EEL lidar data 

Desktop Watersheds Integrated Projects

GEO

MODULE

HAB

MODULE

POP

MODULE
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Link quantitatively topography, habitat carrying 

capacity and population dynamics in a 

spatially explicit model for an entire watershed

GEO

MODULE

HAB

MODULE

POP

MODULE
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Analytical reference state

•Idealized, quantitative statement of an expected condition based on 

simple observable properties such as topography and general climate 

setting

•Key assumption: relatively immutable properties of a specific 

watershed, such as its topography, drainage area to a point, local slope, 

aspect, and climatic setting can be quantified and used in simple 

mechanistic models to calculate an expected condition in the system

•A theoretical condition that can be calculated for any watershed, but 

will differ between watersheds depending on the intrinsic properties of 

the watershed

•Becomes a null hypothesis to guide field work:  it is a state against 

which to detect and measure deviations from predictions caused by 

processes not included in the model

Power, et al., 1998, 

Experimental 

Ecology

Keep it simple as possible and focus on what matters
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• Becomes a null 

hypothesis to guide 

field work:  it is a 

state against which 

to detect and 

measure deviations 

from predictions 

caused by processes 

not included in the 

model
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Skunk Creek
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Ephemeral

- non-fish 

habitat

steel

head

chinook

Channel bed morphology based on local slope
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Median grain size of 

the river bed (mm)

Calculations on slopes less than 8%.  On steeper slopes, theory fails
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Search in Google on:  Ripple Salmon

Free ArcMap based Limiting Factors Analysis using DEM’s
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GEO

MODULE

HAB

MODULE

POP

MODULE

POP
MODULE
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rKS
P

rS K




P = population (in next life stage, number of individuals)

r = survival rate (proportional)

K= carrying capacity (number of individuals)

S= stock (in current life stage, number of individuals)

Berveton-Holt stock-recruitment model
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Stock-recruitment models
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Habitat Carrying Capacity
Solve per arc the Kl, per unit length for a given life stage

l= for  a specific life stage (spawner, summer 0, winter 0) in a 
given arc

t= channel bedform type (pool, riffle, glide, and cascade)

Ct= fraction of arc length in channel bed type ,t, for a slope 
class,s.

Utls= fraction of habitat that is useable for a given channel bed 
type t for a given life stage, l, for a slope class, s. 

Dtls = max density of fish in each channel type,t, for each life 
stage, l, for slope class, s.

wl= channel width for flow at given life stage

4

1

( )
t

l l t s tls tls

t

K w C U D 
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GEO (8 parameters)

• Use DEM to compute local slope and drainage area. 

• From slope, estimate the proportion of channel bed type in each reach 

and apply slope use thresholds (for Coho, no use above about 3%, for 

example)

•From drainage area, calculate for each reach:  bankfull width and depth, 

summer low flow width and depth, winter base flow width and depth

•From the product of slope and bankfull depth, calculate for each reach 

median grain size of bed surface material

HAB (200 parameters)

Solve for K 

POP (12 parameters)

Solve for P

rKS
P

rS K



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To use this , 

must have 

ESRI ArcMap 

file of the 

stream network 

segmented into 

arcs with slope 

and drainage 

area assigned 

to each arc
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Summer carrying capacity Spawning areas
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Summer habitat 

that is upstream of  

spawning reaches 

is shown in blue
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Outmigrant trapping by MRC biologists in 2001 produced annual estimates 

of 25,000 steelhead and 35,000 coho; the watershed also produces 

Chinook salmon. These data support the idea that Hollow Tree Creek may 

be the largest producer of coho salmon in the entire Eel River watershed. 
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Remove 
maximum 
width 
constraints
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East side of SF Eel- coho 

absent– temperature effect?

2001 Survey of Coho 

Presence, CDFG

Juvenile carrying 

capacity



48South Fork Eel, TMDL analysis
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South Fork Eel River Hypotheses

1) There are a limited number of critical 
reaches that control the Coho population

2) Upstream migration of juveniles occurs and 
is important to use of summer habitat

3) Summer Coho are limited to smaller 
drainage area reaches due to deep pool 
(predator) avoidance

4) Increased stream temperature in critical 
reaches may be responsible for Coho 
population decline  
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Ripple  application elsewhere 

(by Stillwater Sciences)

• Rock Creek, Oregon (most advanced use, 
including investigations of stream 
temperature and large woody debris 
effects)

• Lagunitas Creek, California (Ripple 
applied and used to guide field 
investigations)

• Tonsina River, Alaska (Ripple framework 
guided initial field studies)
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Representing Environmental 

Change in Ripple

• Drought– reduced width of winter and 

summer base flows, r effects

• Loss of LWD- less percentage of pools, 

lower density of fish/m2, r effects

• Increased temperature- lower density of fish, 

r effects

• Increased fine sediment- less percentage of 

pools, r effects, lower density of fish
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Ripple future development

Short term (underway):

• Capability to add and remove barriers

• Replace calculated attributes for a given reach 

with field observations 

• Add off-river habitat based on field observations

Longer term development

• Connect to GIS-based model for spatially explicit 

river temperature (BasinTemp)

• Develop “ripple approach” for other species
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Conclusion

• River networks produce a highly structured 
pattern of process and morphology downstream.  

• This structure can be exploited to predict habitat 
and carrying capacity of salmon throughout a 
watershed. 

• Ripple enables a rapid, spatially explicit 
assessment of possible limiting factors on 
salmon populations from a minimum amount of 
data.  It guides the generation of null hypotheses 
for field studies.

• The model is freely available, including the 
source code.
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National Center for Earth-surface Dynamics

Our purpose is to catalyze development of an integrated, predictive science of the processes 

shaping the surface of the Earth, in order to transform management of ecosystems, 

resources, and land use.

Three Integrative Projects:

1) Desktop Watersheds

2)Stream Restoration 

3)Subsurface Architecture
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Outmigrant trapping by MRC biologists in 2001 produced annual estimates 

of 25,000 steelhead and 35,000 coho; the watershed also produces 

Chinook salmon. These data support the idea that Hollow Tree Creek may 

be the largest producer of coho salmon in the entire Eel River watershed. 


