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1. Workshop Goals 

On October 7th and 8th, 2008 The Nature Conservancy (TNC), in partnership with ESSA Technologies 
Ltd., hosted a workshop at the University of Phoenix in Chico, California. The purpose of the workshop 
was to evaluate the Sacramento River Ecological Flow Tool (SacEFT). Over 25 scientists, water 
managers, and other technical experts participated in reviewing the accuracy, relevance, and usefulness of 
SacEFT v.1 model outputs (see Appendix A for a list of workshop participants). Expert representation for 
focal species and water planning was excellent; however, water operators were underrepresented. 
 
The workshop had two major goals: 

1. ensure credibility of SacEFT’s focal species’ indicators through a rigorous peer review process; 
and 

2. ensure that SacEFT outputs are clear and relevant to water managers. 
 
Considerable progress was made on both of these goals. Section 2 of this technical memorandum presents 
our understanding of potential enhancements to the current focal species’ indicators to improve reliability, 
including potential new indicators for these existing focal species, as well as our project team’s 
recommended priorities for implementing these enhancements. Section 3 summarizes workshop 
discussion of additional (new) habitat indicators for SacEFT that would further enhance ecological 
coverage.  
 
The guiding questions we used during workshop discussions are listed in Table 1.1. 
 

Table 1.1. Key questions used to determine indicator robustness and reliability (workshop goal 1). 
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Though not discussed in detail during the October 7th and 8th 2008 workshop, the current and prospective 
role of each underlying physical models input into SacEFT (i.e., CALSIM, TUGS, Meander Migration) is 
discussed in section 4. Last, Section 5 details the advancements made with respect to the second goal of 
ensuring the relevance of SacEFT outputs to water managers. We asked workshop participants a series of 
questions (listed in Table 1.2) in order to gather the information necessary to ensure high output usability. 
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Table 1.2 Key questions used to ascertain the necessary format for model outputs in order to ensure 
usability and relevance (workshop goal 2). 
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During the workshop it became clear to us that there is a need for an indicator rating system that will 
provide SacEFT users with information on the credibility of focal species indicators and their 
performance measures (PMs). We propose to score indicator credibility using two criteria: 1) applicability  
of indicator respective PMs to the Sacramento River; and 2) reliability of relationships and information 
used to inform indicators. Scoring descriptions for both criteria are given in Table 1.3 and Table 1.4. We 
propose to evenly weight the two credibility criteria as an initial starting point, 

Credibility rating = 0.5 · applicability score + 0.5 · reliability score. 
Integrating this indicator rating system into the User Interface (modifying a similar system already in 
place) is one of the priority next steps for SacEFT. 
 

Table 1.3 Description of scoring for indicator APPLICABILITY. 
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Table 1.4 Description of scoring for indicator RELIABILITY. 
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2. Candidate Revisions to Current SacEFT Focal  
Species & Their Performance Indicators 

2.1 Bank swallows 

2.1.1 Existing 

Length of newly eroded bank (BASW1) 

Prime bank swallow nesting habitat is limited to friable soils in vertical bank faces (Garrison 1998, 1999). 
These bank and soil characteristics render nesting habitat susceptible to collapse when undercut by the 
river during high flows. Minor bank sloughing can degrade habitat quality by reducing bank slope and 
creating debris piles below nesting sites. Erosive process such as lateral river migration are therefore 
periodically necessary in order to create new nesting habitat with steep slopes and fresh surfaces for new 
nests (Garrison 1999). The performance measure BASW1 is an attempt to quantify the process of nest 
habitat creation. BASW1 provides an annual estimate of the weighted useable length of newly eroded 
bank for nesting.  
 
The length of eroded bank (Lb) is calculated for each modeled bend using annual estimates of the rate of 
Meander Migration and area of floodplain reworked derived from the Meander Migration model. The 
length of each modeled bend (b) is then assigned a weighting (wb) dependent on its length, 
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Under the current weighting scheme, Lb �  20m is considered good and receives a score of 1, whereas Lb < 
13m is considered inadequate and receives a score of 0. After bend weights have been determined, the 
total length of eroded bank for the river is calculated by summing the length of eroded bank for each bend 
multiplied by its respective weight for all river segments (l),  
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The rollup performance measure (i.e., assignment of R/Y/G to BASW1) is based on the terciles of total 
length taken from a historical run with no bank revetment. For a detailed description of how BASW1 is 
calculated refer to ESSA (2007).  
 
Unfortunately, BASW1 in its current form is fairly insensitive to management actions for two reasons. 
First, the choice of a fairly small length scale (13–20m) for the model is not well suited to the scale at 
which the Meander Migration model is parameterized (e.g., almost all bends are longer than 500m; 
therefore the weight (wb) will almost always be 1.0). Second, the terciles used to assign R/Y/G to BASW1 
show a very narrow range of variation and may need further assessment and revision.  Workshop 
feedback is summarized below. 
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Workshop feedback 

Riparian subgroup participants1 agreed that BASW1 is an important indicator to retain because it focuses 
on the processes required for the creation of nesting habitat2; however, they agreed that its lack of 
sensitivity was problematic with respect to informing management actions. A number of modifications 
and improvements to the indicator were discussed by the riparian subgroup to increase the indicators 
credibility. The riparian subgroup concluded that the following modifications represent a good start for 
improving BASW1 sensitivity and credibility: 

1. Issue: Bank swallow nesting sites need to be eroded up to 1m in depth in order for important new 
nesting habitat to be created; therefore, if an area has only been reworked (i.e., eroded) to a depth 
of less than 1m, such habitat lengths should not be counted. After several nesting seasons with 
little erosion in between, bank swallows will abandon the area until new habitat is created. The 
bank swallow working group3 recommends that nesting habitat, as defined in the model, should 
only include river banks that are eroded to a depth > 1m within a single year. 

Action: Eric Larsen will revisit the Meander Migration model outputs and redefine the variable 
area of floodplain reworked (when providing data to ESSA) to only include those areas of the 
floodplain that have experienced erosion equal to or exceeding 1m in left to right (right to left) 
horizontal migration at the bend apex.  

2. Issue: The desired frequency of 1m horizontal erosion events for habitat renewal is about once 
every 2-3 three years, i.e., it does not need to occur annually. After (two or) three consecutive 
years, habitat suitability drops rapidly because of high levels of ectoparasites and little room for 
new nests (Stillwater Sciences 2005).  

Action: Bank swallow working group, spearheaded by Greg Golet, is tasked with determining 
whether the desired frequency of habitat renewal should be every 2 or 3 years. If the length of 
newly eroded bank (BASW1) output from SacEFT is small after modification 1 is made, it will 
be important to reflect in the model the fact that burrows and banks can be reused up to 2-3 years 
without significant bank renewal taking place. 

Outcome: The bank swallow working group recommend that newly eroded banks (i.e., horizontal 
erosion �  1m) receive a habitat suitability score of 1 and that habitat suitability score declines 
linearly each year until year 3, after which , the habitat suitability score is zero for those bank 
areas that have not experienced significant horizontal erosion. A linear decay function will be 
used until there is evidence favoring an alternative relationship. 

3. Issue: Length of eroded bank is likely an overestimate of the amount of suitable nesting habitat. 
BASW1 should only include length of eroded bank in suitable soils (i.e., sand, loamy sands, and 
sandy loam eithclay content less than 20-25% and sand content greater than 25–30% (Stillwater 
Sciences 2007). 

Outcome: The types of high-resolution soil maps required for this modification to BASW1 do not 
exist; therefore it is not possible to move forward on this particular issue. 

4. Issue: The thresholds used for assigning good, OK, and poor (R/Y/G) to length of eroded bank in 
a bend is not specific to studies Sacramento River (Stillwater Sciences 2007). In a study of 32 
colonies on the Sacramento found bank lengths to range between 43 ft and 6,233 ft (Garrison et 
al. 1987 in Stillwater Sciences 2007). Banks that are < 13m long are unused (i.e., habitat 

                                                      
 
 
1 Subgroup was comprised of experts on bank swallows, riparian vegetation, geomorphic processes, and western pond turtle. 
2 Nesting habitat is considered a limiting factor for bank swallows throughout California (Garrison 1998; Moffatt et al. 2005) 
3 The Bank Swallow working group is led by the Department of Fish and Game and has participation from a broad array of state and federal 
agencies and non-governmental environmental and research organizations. 
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suitability = 0), and habitat suitability increases linearly with bank length up to 40m, after which 
habitat suitability remains constant (i.e., habitat suitability = 1).  

Outcome: The riparian subgroup and bank swallow working group agreed that ESSA should 
revise the thresholds for length of eroded bank so that the minimum and optimal bank lengths are 
43 and 131 ft (13 and 40m), respectively. We assume where newly eroded bank lengths exceed 
40m, but the depth of this erosion at the apex is less than 1m, the habitat suitability score will be 0 
(i.e., an implicit weighting of 1 on the depth of erosion component). 

 
Indicator credibility rating 

Using the rating system described in Section 1, we would assign a credibility rating of 3  to BASW1 in 
its revised form (Applicability score = 4; Reliability score = 2; weighting of 0.5 for both criteria). 
BASW1 scores high with respect to applicability because the threshold values for assigning R/Y/G to 
length of newly eroded bank are based on data specific to the Sacramento River. The Meander Migration 
model from which area of floodplain reworked is derived is likewise parameterized with data specific to 
the Sacramento River. With respect to reliability, BASW1 receives a score of 2 because the performance 
measure only captures about half of the important characteristics with respect to nest habitat suitability. 
Data on soil types are not available, therefore BASW1 is likely to overestimate the extent of suitable 
nesting habitat because it includes soils that are not the correct consistency for burrowing. This limitation 
of BASW1 decreases its power.  
 
Peak flow during nesting (BASW2) 

High flows during nesting have the potential to adversely affect bank swallow colonies through two 
mechanisms: inundation of nests and bank sloughing/collapse (Garrison et al. 1997; Moffatt 2005). The 
exact magnitude of flow required to initiate bank sloughing is not definitively known, however growing 
evidence suggests that flows in the range of 20kCFS to 50kCFS will typically erode some banks, causing 
partial collapse. Flows above 50kCFS are more than likely to cause widespread erosion leading to 
widespread colony failure at many sites if breeding swallows are present (Stillwater Sciences 2007).  
 
The performance measure BASW2 is based on the relationship between high flow timing and colony 
failure and represents the hazard level of a given flow (Q). BASW2 is calculated using the daily average 
flow coupled to estimates of exposure to the hazard of nest inundation during the nesting period (currently 
March 15 to July 15). Hazard levels are modeled using two flow breakpoint values, 20kCFS and 50kCFS, 
to provide estimates of moderate and high risk flow, 
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Based on the flow thresholds, Q < 20kCFS are considered low risk (good) and receives a score of 1, 
whereas Q �  50kCFS are considered high risk and receive a score of 0. BASW2 is calculated at three 
locations along the river. 
 
Daily suitability indices of BASW2 are then assigned based on a heuristic developed from the historical 
distribution of the BASW2 indicator across all river locations, 
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A graph of the suitability index calculated for each daily value of BASW2 at RM168 is shown in Figure 
2.1. 

 

Figure 2.1. Daily rollup of BASW2 based on the hydrograph in the lower panel. The hydrograph is of 
RM168 for the year 1974 (a wet water year) and only shows flow during the critical nesting 
period (March 15 to July 15). The yellow and red dotted lines in the lower panel indicate the 
hazard flow thresholds for moderate and high risk, respectively. 
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The annual PM for a given location is equal to the suitability index of BASW2 for the day with the 
highest flows. The rollup PM for BASW2 is based on a heuristic that aggregates the annual PM across all 
three locations. For example, the rollup PM is assigned a good rating if 2 or more locations have a good 
indicator rating for the year. Lower ratings are assigned as ratings across locations become worse. 
 

Workshop feedback 

The riparian subgroup felt that BASW2 was fairly representative of reality; however two minor 
recommendations were made to improve the indicator’s credibility: 

1. Issue/Outcome: Bank swallow critical nesting period is currently set for the period of March 15 to 
July 15; however the riparian subgroup and bank swallow working group felt this should be 
changed to April 15 to July 31.  

2. Issue: River locations used as index sites for BASW2 are not representative of all bank swallow 
nesting sites. The bank swallow working group has colony locations along the river. The riparian 
subgroup agreed that it would be easy to go to a few of these locations and determine the ¾ 
height of the bank during river base flows. During the October 8th 2008 workshop, we were told 
that the top ¼ of the bank is where approximately half of the nest burrows are located.  Hence, the 
flow that is observed to reach this point is the flow threshold for high (red) risk.  
Action/Outcome: The bank swallow working group (lead by Greg Golet) was asked to determine 
(e.g., through HEC analysis or other sources) the flow above which the upper ¼ of the bank is 
inundated for index sites that are representative of the majority of nesting sites. The working 
group will continue to try and determine the specifics of the stage-discharge relationships. Bruce 
Ross at DWR may be able to provide insight on this subject.  

�  Opportunistic observations at Hamilton City gauge suggest that all nests in the area that are 
�  3m above a stage of 130.19 feet (flow of 7250cfs)4 would be inundated at 50,000cfs which has 
a stage of approximately 139 feet. Extrapolating the Hamilton city rating curve to the larger area 
between Red Bluff and Colusa, approximately 50% of nests are �  3m above stage (130.19 feet), 
and would consequently be at least partially inundated at 50,000cfs. This is likely a conservative 
estimate because the rating curve at Hamilton City is steeper than at most nesting sites. The 
current red risk flow threshold specification of the indicator will be brought into line with the 
observation that over half of the nest burrows are located along the top  ¼ of the bank. Everyone 
agreed that the low risk flow threshold can remain as is. 

 
Indicator credibility rating 

BASW2 in its revised form would be assigned a credibility rating of 3.5 (Applicability score = 4; 
Reliability score = 3; weighting of 0.5 for both criteria). BASW2 scores high with respect to applicability 
because the threshold values for assigning daily suitability are based flow-stage relationships in the river. 
However, if modification 2 is not made because of insufficient data on flow-stage relationships at bank 
swallow nesting sites then the applicability score will drop to 3. As result the credibility score would drop 
to 3 for the indicator. With respect to reliability, BASW2 receives a score of 3 because although there is 
strong evidence to support the flow threshold values for moderate and high risk, there remains some 
uncertainty around the exact magnitude of flow required to initiate substantial bank erosion. 

                                                      
 
 
4 A rating table for Sacramento at Hamilton City showing the relationship between flow and stage is available at: 
http://cdec.water.ca.gov/rtables/HMC1.html. 
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2.1.2 New 

No new indicators were identified for bank swallows by the riparian subgroup during the workshop. 

2.1.3 Technical feasibility, risks & priorities 

The technical feasibility, associated risk, and level of priority for each indicator modification described in 
Section 2.1.1 is summarized in Table 2.1. 

Table 2.1. Summary of performance measures modifications, amount of effort required to implement 
the modification in the SacEFT software, modification feasibility, level of risk, and 
modification priority. Indicator issues and required modifications (i.e., actions). 
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2.2 Chinook/steelhead 

As described more fully in ESSA Technologies (2007)5, SacEFT includes the six performance measures 
(PMs) shown in Table 2.2. Each PM quantifies changes in the physical habitat available for salmonid 
spawning and rearing.  
 

                                                      
 
 
5 Parts of this section, including summaries of each PM model, are condensed from ESSA Technologies (2007). 
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Table 2.2. Summary of salmonid performance measures (PMs) present in SacEFT v.1. 
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Some of the habitat requirements of steelhead trout and four Chinook salmon run-types are modeled using 
a common framework. The approach and data are largely based on research results provided by Mark 
Gard of the U.S. Fish and Wildlife Service in Sacramento (U.S. Fish and Wildlife Service 2003, 2005a, 
2005b, 2006). As described below, additional temperature-emergence and temperature-mortality data 
have been provided from relationships published for the SALMOD model (Bartholow and Heasley 2006). 
 
The salmonid performance measures broadly cover key features of the spawning, egg development and 
rearing portions of the life history, and are simulated at up to 5 segments of the mainstem. Because 
parameterized relationships are not always available for every location and PM, relationship mapping was 
carried out by assuming that relationships parameterized for a race or location could be applied to another 
race or location (Mark Gard, pers. comm.). For example, based on USFWS (1995), the distribution of 
rearing habitat for spring-run chinook is almost entirely concentrated below Battle Creek but uses fall-run 
rearing WUA relationships. Likewise, rearing WUA relationships are not available downstream from 
Battle Creek, and currently make use of rearing WUA relationships developed at upstream sites. 
Performance measures which rely on relationship mapping are based on only indirect, rather than direct 
evidence, and will therefore have lower predictive power. They would therefore receive a lower 
credibility rating, according to the schema in Table 1.3 and 1.4. 
 
Each PM is intended to be a measure of habitat suitability only, and population-based approaches have 
been avoided whenever possible. In general we have adhered to this principle, but in one case where the 
linkage between closely related PMs seemed robust we combined WUA Spawning (CH1/STI1) with 
temperature-based egg-maturation to create a temporal distribution for use with the juvenile PMs. The 
coupling is done by modeling each PM on the basis of a daily cohort which has a daily weight based on 
the spawning calendar for the run-type. Each run-type spawns according to a timing-relationship based on 
Bartholow and Heasley (2006; ultimately derived from Vogel and Marine (1991)). Following spawning, 
egg maturation is temperature-driven and after maturation, produces a daily juvenile distribution (also 
with daily weights) that is tracked for a fixed period of time.  
 
The six PMs are treated independently and generally do not attempt to account for interactions that will 
occur in nature. For example, redd dewatering, temperature-driven egg mortality and redd scour risk all 
occur during the incubation period and the processes together would predict a different outcome than each 
process taken alone. In addition, the cross-sectional data used to parameterize the models of WUA-based 
performance measures are a snapshot in time of conditions in the mainstem, and mainstem habitat 
locations may change slowly or episodically as a result of meanders and extreme flow events. Habitat is 
therefore assumed to be in an equilibrium state in which the spatial arrangement of particular habitats may 
change, but the segment-wide non-spatial proportions do not. 
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2.2.1 Existing 

Spawning WUA (CH1/ST1) 

Weighted Usable Area (WUA) for spawning is calculated using daily cohorts of spawners for each run-
type and river segment. Historical or simulated discharge gauges provide daily average flow over the 
spawning period at each segment location and run-type combination. As described more fully in ESSA 
Technologies (2007), a daily PM is computed by interpolating a WUA-flow relationship—possibly 
modified by changes in substrate size composition from the TUGS model—to predict Weighted Usable 
Area. The WUA relationships are based upon observations of run-type preferences for depth, velocity and 
substrate types, combined with hydrodynamic analyses of sampled reaches within each river segment. 
The PM accounts for spawning area only, and subsequent exposure to thermal mortality or redd 
dewatering is not included. The annual PM is computed for each location and run-type by computing the 
average contribution for the location with each day’s contribution to the average, weighted by the 
proportion of the population spawning (w) on that day. An annual rollup PM is obtained by adding the 
annual PMs. At each of these scales, the historical distribution of the PM is used to develop breakpoints 
used to assign the PM to the R/Y/G categories. Sometimes natural discontinuities are used to define 
breakpoints. Alternatively, terciles are used if natural discontinuities are not obvious. 
 
Workshop feedback 

The workshop sub-group agreed that the Spawning WUA performance measure was reasonable and 
based on sound research. They identified the following issues and necessary actions described below. In 
addition, they identified an additional new indicator discussed in Section 2.2.2. 

1. Issue: As currently configured in SacEFT, winter chinook spawning begins on March 1. The 
workshop participants stated that a starting date of April 15 would be more appropriate, shifting 
the entire distribution later but keeping the August 31 as the last spawning day. Similarly, the 
peak of fall chinook spawning should be earlier: lasting from mid-October to mid-November, 
rather than November only. 

Outcome: ESSA will correct these spawning timing errors. 

2. Issue: The Excel report currently does not populate the flow graph, and this step must be done 
manually. 

Outcome: ESSA will modify SacEFT to provide consistent matching flows in the Excel reports at 
each location. 

3. Issue: In a separate review made prior to the workshop, Mark Gard suggested that while wet 
years will be poor for both spawning and rearing, extremely wet years will have a very 
pronounced negative impact on spawning. He suggested that the current annual rollup thresholds 
be re-examined and if possible, breakpoints be selected based on the results for these extreme 
years. 

Outcome: ESSA will conduct a sensitivity analysis to rank the significance of this issue and 
identify any necessary changes to the breakpoints.  

4. Issue: Redd  superimposition was discussed as a possible additional PM. Existing information 
about average redd area, coupled with assumptions or information about the statistical properties 
of superimposition, might be used to create a new Performance Measure that quantifies the risk of 
a spawning day-cohort being lost or reduced through superimposition. If redd superimposition is 
added, it would probably also result in a cascade of changes to other existing PMs. For example, 
Redd Dewatering (CH6/ST6) is already linked to Spawning WUA (CH1/ST1), and a good case 
could be made for adding the additional effect of redd superimposition on Redd Dewatering, 
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Redd Scour (CH5/ST5) and other PMs. A key missing piece of information is the population 
number. Whether it is expressed thought of as a reach sub-population or as the reach-proportion 
of the entire run-type population, this calculation would require the number of female spawners 
each year. While the PM has obvious merit, this approach introduces a significant departure from 
SacEFT design principle of basing PMs on habitat and generally avoiding the complexity of 
population dynamics. If this PM is to be developed it will require the inclusion of the historical 
number of female spawners, their distribution among the reaches, and for each scenario, the 
future number of female spawners each Water Year. 

Outcome: Alongside the numerous other suggestions received, ESSA, working with TNC, will 
rank the value of including this enhancement, including consideration of budgetary resources. 

Indicator credibility rating 

Using the rating system described in Section 1 and assigning equal weight to Applicability and 
Reliability, we would assign credibility ratings shown below in Table 2.3. The PM scores are generally 
high because they are based on extensive empirical research in the Sacramento River. The lower rating 
for spring run chinook is due to the absence of direct observation for that run-type. Reliability scores are 
equally high because the data are drawn from studies that have been subject to peer review. 

Table 2.3. Credibility rating for Spawning WUA (CH1/ST1). These ratings apply to those reaches of the 
Sacramento River where data have been directly acquired for the indicated run types (i.e. 
depth, velocity, substrate; preference curves). If relationships derived from one reach are 
applied to another reach, both the applicability and reliability scores would be decremented 
by 1, since the channel cross-section could lead to different curves of Spawning WUA vs. 
flow. 
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Redd Dewatering (CH6/ST6) 

Redd dewatering is modeled using daily declining changes in discharge over the egg development period 
for each location and run-type combination to calculate estimates of proportional redd losses. As 
described more fully in ESSA Technologies (2007), the dewatering model tracks the daily cohorts of 
spawned eggs based on the spawning calendar, beginning with the spawning day and up to the day of its 
emergence. The relative weight applied to a spawning day cohort on any day is based upon the original 
relative daily weight provided by the spawning calendar, conditioned on dewatering events that may take 
place as the egg-cohort matures through the egg development period and as flow may decline from one 
day to the next. No losses occur on the day an egg cohort is spawned. But if a drop occurs on the second 
day a loss will be registered, resulting in a decline in the daily cohort weight on the third day. The day-
cohort weight changes the proportion of eggs present in the segment that are potentially exposed to 
dewatering. Since multiple day cohorts are simultaneously present in the river-segment, the daily weight 
within the river segment is the sum of all the cohort weights present on that day. In a final step, the daily 
weight is further scaled by the relative daily proportion of spawning WUA (CH1/ST1) at the given 
location, and thus incorporates the joint influence of the original spawning distribution, temperature 
driven egg-development distribution and the proportion of total spawning WUA available in the river 
segment. 
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The model makes use of Gard’s redd dewatering research (U.S. Fish and Wildlife Service 2006), which 
estimates proportional decrease in redds over the period between spawning and the emergence of 
juveniles. Gard’s results do not include time explicitly. Rather, his model estimates proportion of 
spawning redds lost (if any) at each location between the time a day cohort is spawned and the end of the 
cohort’s egg development period. Gard’s tabular results include fall-, late fall- and winter-run Chinook 
and steelhead trout only, and relationships for spring-run Chinook are mapped from the fall-run. Based on 
discussions with Gard, we adapted this relationship in a way that is mathematically consistent with the 
original results, but which can be disaggregated to the daily scale of the dewatering model. 
 
To calculate a daily PM, the model finds the proportion of incubating eggs lost to declines in flow during 
the egg-development phase of each spawning day cohort, summing all of the individual cohort’s losses 
occurring on that day and accumulating those losses across all cohorts present. The annual PM is the 
cumulative sum of losses over the segment for the entire egg-development period. The annual rollup PM 
is based on taking the same sum across locations. Because of the way that the cohort weight incorporates 
the proportional spawning WUA, the rollup PM represents the percentage of redds dewatered for all 
reaches. Breakpoints for the R/Y/G Indicator Ratings are taken using terciles of the sorted river-segment 
distribution for the daily and annual results and using discontinuities in the annual distribution for the 
rollup. 
 

Workshop feedback 

The workshop sub-group agreed that the Redd Dewatering PM was reasonable and based on sound 
research. They identified the following issues and necessary actions described below. 

1. Issue: The spring and late-fall run-type mappings may not be correct in SacEFT v.1, and should 
be verified and corrected as necessary. 

Action/Outcome: ESSA will verify that the observed fall-run Chinook flow-dewatering 
relationship is correctly applied to the spring-run, and correct if necessary 

2. Issue: Subgroup participants noted that the results from the examples shown indicate higher 
dewatering risk during a wet year (1974), compared to a critically dry year (1977). Some felt that 
there should be an increased risk in very dry years, and that this result seems backward (see 
Figure 2.2). 

Action: The logic behind the 1974 and 1977 outcomes should be reviewed, so that if this is an 
error, it is corrected.  

Outcome: This is not an error. In a separate review that supports the results shown in Figure 2.2, 
Mark Gard states: “in general there would be higher dewatering risk in wet years versus critically 
dry years.  Specifically, redd dewatering risk is more related to flow variability (greater flow 
variability means greater redd dewatering risk) rather than absolute flow rates.  Wet years tend to 
have much greater flow variability than dry years.” 

3. Issue: The daily PM ranking, a horizontal R/Y/G bar shown on many Excel reports is less useful 
for this report. It may be more helpful to include the annual PM, inserted manually (mocked-up) 
in Figure 2.2, as a standard feature of the Excel report. 

Action/Outcome: ESSA will undertake this change subject to the limitations of Excel charting. 

4. Issue: Expand dewatering relationships to include spring-run Chinook using a new empirical 
relationship. 

Action/Outcome: Development of a new relationship (i.e. replacing the relationship mapping 
currently provided by fall-run Chinook) would require the extension of Gard’s analysis to include 
spring-run Chinook; this is beyond the scope of the development of SacEFT. 
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5. Issue: Dewatering in the upper Sacramento River happens on a very short time scale and is 
largely related to tributary inflow and rain. It may not be possible to capture this at a daily 
timescale.  

Outcome: SacEFT includes historical and projected flows in the mainstem, including gauged 
flows for historical runs. No action required. 

 

 

Figure 2.2. Detailed fall chinook redd dewatering Excel reports for 1977 (Very Dry Year) and 1974 (Wet 
Year) are shown in the left and right panels. Some subgroup participants felt that the dry year 
should show more serious dewatering than the wet year, and that the annual outcome 
therefore seemed backward. 

 
Indicator credibility rating 

Using the rating system described in Section 1 and assigning equal weight to Applicability and 
Reliability, we would assign credibility ratings shown below in Table 2.4. The PM scores are generally 
high because they are based on extensive empirical research in the Sacramento River. The lower rating 
for spring and late fall chinook is due to the absence of direct observation for those run-types. Reliability 
scores are equally high because the data are drawn from studies that have been subject to peer review, and 
because the functional relationships are being applied within the same reaches, but to different runs. 
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Table 2.4. Credibility rating for Redd Dewatering (CH6/ST6). 
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Redd Scour (CH5/ST5) 

Redd scour risk is modeled in SacEFT v.1 using the daily proportion of eggs present by run-type and 
location coupled to categorical hazard classes at times when flow exceeds threshold values. As described 
more fully in ESSA Technologies (2007), the scour model tracks the daily cohorts of spawned eggs based 
on the egg incubation calendar, beginning with the spawning day and up to the day of its emergence. 
When daily average flow exceeds threshold values (under user control, currently set to 20 and 32 kCFS) 
Yellow and Red Indicator Ratings may be triggered, once they are combined with daily cohort weighting 
information. Flows above 20 kCFS can trigger a Yellow Hazard, with flows above 32 kCFS required to 
trigger a Red Indicator Rating level. The model couples these hazard categories to each run type’s 
spawning distribution and uses the SALMOD temperature-driven emergence function (Bartholow and 
Heasley 2006) to create and track the egg distribution for each day of the egg incubation period. In a final 
step, the combined weight of all cohorts present each day is scaled by the relative daily proportion of 
spawning WUA at the given location. Thus, the daily proportion of redds exposed to scour incorporates 
the joint influence of the original spawning distribution, temperature driven egg-development and the 
proportion of total spawning WUA available in the river segment. 
 
The daily PM is calculated as follows. If the daily flow is below the lower threshold then the PM has a 
good value (Green). If flow is above the lower threshold, then the PM is the product of the flow and the 
value of the incubation distribution for that day and location. Internally, the model uses terciles of the 
historical distribution of this product to determine the R/Y/G Indicator Rating. Thus, if flow is above the 
upper threshold but the proportion of eggs exposed to the high flow are very low, the daily Rating will be 
only moderate (Yellow). The annual PM for each location is simply the sum of the daily PMs at the 
location, configured so that half the year-location outcomes have a good (Green) Indicator Rating, the 
next quartile of historical years is ranked as moderate (Yellow) and the upper quartile receives a poor 
(Red) Indicator Rating. A year-location with a Red Indicator Rating must also have at least one 
observation above the upper flow threshold value; otherwise it reverts to a Yellow Indicator Rating. The 
annual rollup PM is calculated as the average of annual PM values, with the same heuristic rules applied. 

Workshop feedback 

The workshop sub-group agreed that the Redd Scour PM is an important indicator, but felt that it should 
be possible to make significant improvements to it. In particular, the current choice of breakpoints was 
criticized as being too low. Alternative approaches to the scour indicators were also suggested, as 
described below.  

1. Issue: Indicator Rating thresholds at 20 and 32 kCFS are too low. The G/Y threshold should be 
closer to 60 kCFS, and the Y/R threshold at an even higher value (not specified). An alternative 
scheme could be based on using the peak decadal flow to define the Red Indicator Rating and the 
peak 5-year flow for Yellow rating. If implemented, these suggestions would replace the existing 
thresholds. 

Action/Outcome: ESSA will contact Scott McBain and Christine May, and refine these 
thresholds. 
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2. Issue: Age of gravel may be an important consideration. When gravel injection takes place, the 
added gravel is very mobile for the first few years then becomes more embedded into the river 
bed and flow regimes. 

Outcome: While we acknowledge this phenomena, timing of gravel injection is too fine of a 
consideration for inclusion in SacEFT v.2. 

3. Issue: Following the workshop, Mark Gard (USFWS, pers. comm.) suggested that it might be 
possible to use River2D to identify shear stress regimes and develop an indicator that has a 
stronger physical basis. This would involve the following steps: a) use GIS to map high value 
habitat for run-types (e.g. for winter and fall chinook, using 13 kCFS and 4 kCFS); b) map shear-
stress zones at a series of flows up to 70 kCFS; c) based on an estimated shear-stress threshold 
that causes scour, determine the proportion of suitable spawning habitat susceptible to scour. One 
suggestion for the threshold was to use the shear-stress necessary to move a 3” pebble. Further 
discussions (Ned Andrews, USGS, pers. comm.) indicated that it is actually the change in shear 
stress as you move downstream, rather than the shear stress value itself, which determines the 
amount of scour. That is, a significant increase in the amount of shear stress between adjacent 
cells in River2D implies scour in the downstream cell, while a decrease in shear stress as you 
move downstream implies aggradation / deposition in the downstream cell. However, we don’t 
know how much of an increase in shear stress is sufficient to cause redd scour. Alternative 
schemes could be based on peak decadal flow to arrive at a Red Indicator Rating and peak 5-year 
flow for the Yellow threshold rating. If implemented, this enhanced indicator would replace the 
threshold-based indicator. 

Action/Outcome: ESSA will further explore the requirements to undertake this change, through a 
trial analysis of a single reach using River 2D results. Full implementation will depend on our 
ability to readily access the necessary River 2D datasets for the reaches of interest. Alternatively, 
it may be prudent to implement the simplest scheme first (e.g. 5 and 10-year flow) and see to 
what extent this is sensitive to the alternative management actions under consideration. If this 
indicator doesn’t vary across the alternatives being considered, it may not be worth pursuing the 
more detailed River 2D shear-stress differencing approach. 

 
Indicator credibility rating 

Using the rating system described in Section 1 and assigning equal weight to Applicability and 
Reliability, we would assign credibility ratings shown below in Table 2.5. The PM scores are generally 
lower than other salmonid PMs because they are based on more subjective opinions about scouring flow 
thresholds with no direct evidence (assigned applicability and reliability scores of 2.5). These scores are 
themselves only moderately quantitative, and open to revision. 
 

Table 2.5. Credibility rating for Redd Scour (CH5/ST5). 
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Egg Survival (CH3/ST3) 

Egg survival is calculated using daily cohorts of eggs at each location and for each run-type, simulating 
their temperature-driven development. Each cohort is assigned a daily weight based on the egg incubation 
calendar distribution. Temperature contributes to two opposing processes in SacEFT v.1. First, warmer 
water makes development faster through a temperature-maturation relationship derived from SALMOD 
(Figure 6, Bartholow and Heasley 2006), reducing the period of exposure to thermal mortality and other 
mortality sources. However, egg survival declines at warmer temperatures, which has an opposing effect 
(Table 11, Bartholow and Heasley 2006). As described more fully in ESSA Technologies (2007), the 
daily PM is calculated by following each egg incubation day-cohort over the course of its development up 
to emergence, evaluating its daily survival as a function of water temperature and taking cohort survival 
as the product of daily survival up to emergence. As noted earlier, exposure to events such as redd 
dewatering is not accounted for by this PM, which considers thermal mortality only. The annual PM in 
the river segment is calculated by taking the weighted average of survival for each spawning day-cohort. 
The annual rollup PM is calculated by averaging over all river segments, weighting each segment by the 
average proportion of total spawning WUA (CH1/ST1) for the segment relative to the river-wide average 
spawning WUA. 

Workshop feedback 

The workshop sub-group agreed that the Egg Thermal Mortality  PM was reasonable. They identified 
the following issues and necessary actions to improve the PM: 

1. Issue: In SacEFT v.1 all run-types make use of a single temperature maturation function. 
Steelhead trout mature faster than Chinook and should do so in the model.  
Outcome: Matt Brown will provide a reference (Piper) to Don Robinson (drobinson@essa.com; 
604.535.1997) and this enhancement will be implemented if data are available. 

2. Issue: The Excel report currently displays the spawning calendar distribution, which does not 
fully capture the details of the weighting scheme (as do the redd scour and red dewatering reports 
for the same life history period). 
Outcome: ESSA will make these related Excel reports more consistent with one another. 

Indicator credibility rating 

Using the rating system described in Section 1 and assigning equal weight to Applicability and 
Reliability, we would assign the high credibility ratings shown below in Table 2.6. The PM scores are 
high because they are based on empirical research for chinook. The lower rating for steelhead is due to 
the absence of a direct functional relationship for this run-type in SacEFT v.1. Reliability scores are 
equally high because the data are drawn from studies that have been subject to peer review. 
 

Table 2.6. Credibility rating for Egg Thermal Mortality (CH3/ST3). 
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Rearing WUA (CH2/ST2) 

Rearing WUA is similar in approach to Spawning WUA with the important difference of being 
insensitive to substrate. It is calculated using weighted daily cohorts of juveniles after emergence from the 
egg stage, for each run-type and river segment. Historical or simulated gages provide daily average flow 
and daily average temperature over the rearing residency period for each combination of location and run 
type. Besides insensitivity to substrate, daily juvenile rearing weights are notably different from daily 
spawning weights in other ways. For assigning a weight to daily cohorts, each day-cohort is itself the 
result of a temperature-driven egg-maturation function, rather than a deterministic calendar-based 
spawning relationship. This creates a linkage to the Spawning WUA performance measures with a 
variable delay between the day on which a cohort of eggs is spawned and the day when the egg cohort 
emerges. The relative juvenile abundance distribution present each day in the model is created by adding 
each daily juvenile cohort from its date of emergence up until it completes a fixed residence period of 120 
days (a value that can be configured in the database) after emergence. The proportion of juveniles present 
on any given day is therefore given by all the egg-cohorts that have emerged but not yet exceeded their 
residence period. The egg emergence function makes it possible to have multiple spawning cohorts 
emerging on the same day, particularly during periods of warmer water. Since SacEFT’s emergence is 
driven by accumulated thermal units (ATUs), this distribution will vary across locations and years due to 
location and temperature variations. Note: SacEFT v.1 does not simulate the movement of juveniles 
between reaches, and for simplicity they are assumed to remain in the reach they were spawned. 
 
The daily PM is computed through a WUA-flow relationship (which for rearing does not vary with 
substrate composition) developed by Mark Gard (U.S. Fish and Wildlife Service 2005b) to predict 
Weighted Usable Area for rearing. Again, prior events such as thermal mortality or redd dewatering are 
not accounted for by this PM, which measures the inherent rearing area habitat only (all else equal). As 
already noted, while each model operates internally on the basis of a daily cohort, the distribution and 
cumulative results shown in the Excel report portray the aggregated juvenile day-cohorts present each day 
and use that proportion to scale the Indicator Rating assigned to the WUA. This makes it possible to see 
daily changes to the entire population in the face of fluctuations in flow and temperature, even though 
internally, each day-cohort is tracked separately. The annual PM is computed for each location and run 
type by computing the average contribution for the individual segment, with each day’s contribution to 
the average weighted by the actual proportion rearing on that day. The annual rollup PM is computed by 
averaging across all locations. An average is used rather than a sum, so that thresholds are more 
meaningful should the number of locations vary across years and/or races, based upon the availability of 
the underlying flow and water temperature data. Breakpoints for the R/Y/G Indicator Ratings are taken 
using terciles of the sorted river-segment distribution for the daily and annual results vs. a 66 year 
historical flow simulation, using discontinuities in the annual distribution where appropriate, to define 
breakpoints for the rollup. 

Workshop feedback 

The workshop sub-group agreed that Rearing WUA an important indicator, but felt that it should be 
possible to make significant improvements to it. In particular, the current choice of breakpoints was 
criticized as being was too low. Alternative approaches to the scour indicators were also suggested, as 
described above. 

1. Issue: The fixed 120 day juvenile period is too long for chinook and too short for steelhead. More 
representative periods would be 90 days and 365 days, respectively. A shortened chinook 
residency period would result in more realistic distribution graphs (see the grey shaded portions 
in the upper panels of Figure 2.3). For example, most fall chinook should have left the upper 
Sacramento River by February. 
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Outcome: ESSA will modify the residency periods as recommended, but keep the overall time 
horizon inside a single calendar year, for simplicity and consistency. (Alternatively, the 
SALMOD relationship could be examined and somehow “sped up” so that maturation occurs 
more quickly, though we are not clear on what alternative parameterization could be justified.) 

2. Issue: An alternative measure of juvenile rearing would be to incorporate the maximum value of 
a smoothed (e.g. 5-day running median) measure of WUA, perhaps centered at the peak of the 
juvenile residency period. 
Action/Outcome: ESSA will conduct a sensitivity analysis to rank the significance of this issue 
and include any useful changes to the PM if they simplify its interpretation.  

3. Issue: The daily PM ranking, a horizontal R/Y/G bar shown on many Excel reports is not useful 
for this report and actually confuses the interpretation of behavior. It may be more helpful to 
include the annual PM, (a manually created example is shown in Figure 2.3) as a standard feature 
of the Excel report. 

Outcome: ESSA will make this Excel report change (subject to constraints of Excel charting), so 
that it is easier to interpret. 

4. Issue: Rearing WUA would be more realistic if it were somehow tied to the juvenile population. 
By itself, it has limited meaning since it isn’t possible to attach it to system carrying capacity. 

Action/Outcome: ESSA will further investigate Sacramento River life-cycle modeling (e.g., IOS) 
to determine if it is possible to compare our rearing WUA indicator with simulated ranges of 
juvenile salmonid carrying capacity and flow-driven outmigration in matching reaches. Should 
such a comparison be feasible, we will use it to help inform our residency period and hazard 
thresholds.  
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Figure 2.3. Excel reports of fall chinook juvenile rearing WUA for 1977 (Very Dry Year) and 1974 (Wet 
Year) are shown in the left and right panels. The example show the manual addition of annual 
PM thresholds using the vertical colored bar at the right of the upper panels. 

Indicator credibility rating 

Using the rating system described in Section 1 and assigning equal weight to Applicability and 
Reliability, we would assign credibility ratings shown below in Table 2.7. The PM scores are generally 
high because they are based on extensive empirical research in the Sacramento River. The lower rating 
for spring-run chinook and steelhead is due to the absence of direct observation for those run-types. 
Reliability scores are equally high because the data are drawn from studies that have been subject to peer 
review. 

Table 2.7. Credibility rating for Rearing WUA (CH2/ST2). These ratings apply to those reaches of the 
Sacramento River where data have been directly acquired for the indicated run types (i.e. 
depth, velocity, preference curves). If relationships derived from one reach are applied to 
another reach, both the applicability and reliability scores would be decremented by 1, since 
the channel cross-section could lead to different curves of Rearing WUA vs. flow. 

����(����

� ����� )���*����� "
����� ���
�+� �����,����

&		��

$������ %� %� %� �� ��

2���
$������ %� %� %� %� %�

2
����� %� %� %� ��'� ��'�

 
Juvenile Stranding Potential (CH4/ST4) 

Juvenile stranding is modeled using daily declining changes in discharge over the juvenile rearing period 
for each location and run type combination. The daily distribution of rearing juveniles is based on the 
same emergence function and distribution derived for the juvenile rearing WUA. As described more fully 
in ESSA Technologies (2007), the weight of each daily cohort is based on events that take place as the 
cohort ages through the subsequent juvenile residency period, and each day-cohort may experience losses 
if flow declines from one day to the next. No losses occur on the day the juvenile day cohort emerges. But 
if a drop occurs on the second day a loss will be registered, resulting in a decline in the daily cohort 
weight on the third day. As the day-cohort weight changes (always in a declining direction), juveniles 
from each day-cohort present in the segment with potential exposure to stranding also changes, thus 
changing the weight. Based upon this formula, the proportion stranded for any given day is then assigned 
from the sum of all the cohort weights that are present on that day: 
 
The daily PM uses Mark Gard’s juvenile stranding research (U.S. Fish and Wildlife Service 2006) to 
estimate the proportional decrease in habitat over the period between emergence and the end of the 
juvenile residence period. Gard’s results were developed using observations from Keswick to Battle 
Creek, but did not include time explicitly. Rather, his model estimates proportion of rearing WUA lost at 
each location between the day of emergence and the end of the residency period. Although races are 
modeled separately in SacEFT, all stranding is modeled using a single all-species flow-decline 
relationship. Based on discussions with Mark Gard, we adapted this relationship in a way that is 
mathematically consistent with the original results, but which can be disaggregated to the daily scale of 
the juvenile stranding model. To calculate the daily PM, the model compares the previous day’s flow with 
the current day. If there is a decline, some proportion of juveniles is potentially stranded. The daily 
proportional changes to rearing habitat create an index of stranding potential which is calculated by using 



Final SacEFT v.1 to v.2: 
Design improvement priorities 

ESSA Technologies Ltd. 20 

the sum of proportions lost over the residency period, but which is not identical to proportion of juveniles 
lost. Because juveniles are mobile and may possess behaviors that help them avoid stranding (unlike eggs 
in redds), the use of an index of stranding potential is appropriate, even though the underlying model 
measures proportional changes in rearing WUA. The annual PM is computed for each location and run 
type as the cumulative sum of all the daily losses of each day-cohort tracked from the start of the 
distribution period until the end of juvenile residency. The annual rollup PM for juvenile stranding is 
calculated by taking the average across locations. An average rather than a sum is used so that thresholds 
are applied more consistently should the number of locations across years and/or run types vary based 
upon the availability of the underlying flow and water temperature data. Breakpoints for the R/Y/G 
Indicator Ratings are taken using terciles of the sorted river-segment distribution for the daily and annual 
results, using discontinuities in the annual distribution for the rollup. The system rollup for juvenile 
stranding uses breakpoints based on discontinuities for all run types pooled. 

Workshop feedback 

The workshop sub-group agreed that Juvenile Stranding Potential is a useful indicator but that the 
usefulness is constrained by the absence of stranding relationships below Red Bluff Diversion Dam. 
Many juveniles rear in lower portions of the river, and it would be useful to have stranding relationships 
for those locations as well as the more upstream segments. 

1. Issue: Mark Gard’s data are not run type specific and were developed for upstream locations 
only. The PM would be more useful if it included data for locations below RBDD, where 
numerous juvenile are found. 

Action/Outcome: ESSA will explore whether other pre-existing datasets exist that are compatible 
for extending our existing formulation of this indicator. For example, side channel studies are 
described in the Stillwater Sciences (2007) (Figure 2.4), which may be adapted to the tabular 
model structure adopted for Gard’s data. 

2. Issue: In a separate review made prior to the workshop, Mark Gard suggested that stranding 
should never be a problem if flow exceeds 3,750 CFS. Gard also suggested that if the Figure 2.4 
relationship is incorporated to account for downstream stranding, the “normalized disconnected 
inundated area” corresponds most closely with the methodology used at upstream locations. Even 
if this is done, however, the Figure 2.4 relationship is undefined below 7,500 CFS, leaving a gap 
between 3,750 CFS (the lower flow limit used at upstream sites) and 7,500 CFS. Finally, the 
calibration of the current R/Y/G breakpoints should be reviewed and developed so that if 
possible, higher hazards are associated only with low flows. 

Action/Outcome: If other datasets are unavailable to quantify this risk, we will focus on scaling 
our R/Y/G breakpoints to match risks in major segments of the Sacramento River. If any 
fundamental changes can be implemented, Matt Brown, Jim Smith and Mark Gard will be asked 
to review behavior of the Version 2 model. 

3. Issue: The daily PM ranking, a horizontal R/Y/G bar shown on many Excel reports is not useful 
for this report and actually confuses the interpretation of behavior. It may be more helpful to 
include the annual PM, (a manually created example is shown in Figure 2.5) as a standard feature 
of the Excel report. 

Outcome: ESSA will make this Excel report change (subject to constraints of Excel charting), so 
that it is easier to interpret. 

4. Issue: Issue 14 from the previous PM also affects this PM. 

Action: See Issue 14. 
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Figure 2.4. Normalized connected (white symbols), disconnected (gray symbols), and total inundated 
area (black symbols) averaged over all study sites for varying flows on the Sacramento River. 
Each site is normalized by the maximum potential inundated area, such that they each have 
equal weight in determining average percent inundated area. The stepped pattern of area 
versus flow highlights what appears to be a significant river-wide increase in inundated area 
at about 12,000 cfs. A significant decrease in inundated area appears to occur at roughly 
8,500 cfs (Stillwater Sciences 2007; p. 33). 
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Figure 2.5. Excel reports of fall chinook juvenile stranding potential for 1974 (Wet Year) and 1978 
(Above Normal Year) and are shown in the left and right panels. The example show the 
manual addition of annual PM thresholds using the vertical colored bar at the right of the 
upper panels. 

Indicator credibility rating 

Using the rating system described in Section 1 and assigning equal weight to Applicability and 
Reliability, we would assign credibility ratings shown below in Table 2.8. The Applicability scores are 
quite high because they are based on extensive empirical research in the Sacramento River (albeit in 
upstream locations only). Reliability scores are equally high because the data are drawn from studies that 
have been subject to peer review. Overall credibility might be reduced additionally to reflect the lack of 
run-type specificity and the absence of a stranding relationship below RBDD in SacEFT v.1. 

Table 2.8. Credibility rating for the Juvenile Stranding Index (CH4/ST4), for the simulated areas above 
RBDD.  
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2.2.2 New 

Enhanced spatial realism (all salmonid PMs) 

A review of the salmonid performance measures led to a suggested global enhancement that would 
provide more spatial realism and improve the assignment and interpretation of multi-reach performance 
for all salmonid PMs. The enhancement is not a new PM, but rather the addition of more spatial realism 
to the aggregate annual rollup for existing and future PMs. 
 
SacEFT v.1 currently applies no segment-weighting for any of the salmonid PMs (or any other PMs 
generally). To take an example from Spawning WUA (CH1/ST1),  each square foot of WUA6 is 
equivalent in each segment. However, redd counts suggest that actual spawning gravel use is not 
synonymous with WUA. Spawners of some run-types tend to migrate upstream until they reach a barrier 
and given two adjacent reaches with equal WUA the upstream reach will be more heavily used as long as 
the run is well below carrying capacity. With this in mind,  it should be possible to provide additional 
realism for each combination of run-type and PM so that in cases where empirical observations are 
available, the metric (such as Spawning WUA) can be further conditioned on the observed use of the 
reach. This approach may be less meaningful for juvenile PMs, since individuals are known to be more 
labile in this life stage. In this case, equal weighting of reaches could be used as a default. 
 
When segment results are combined within a year, the current equal-weight assumption is therefore not 
very credible. Implementation of a segment-weighting scheme is relatively straightforward and requires: 

• data to create the weights (e.g. aerial redd surveys) (Jim Smith, Doug Killam, Mark Gard and see 
Stillwater Sciences Linkages Report); 

• creation of new database elements (keys:, run-type life-history stage, segment; data: weights 
adding to 1.0 for each combination of run-type and life-history stage) to house the proportional 
segment weights; 

• modification of salmonid models to apply weights during annual rollup of the PM. 

• development of re-calibrated R/Y/G thresholds through the analysis of WUA distribution (or 
other units, depending on the PM; 

• assignment of the revised threshold values to the database; and 

• application of the weights during simulations to create annual R/Y/G rollups for subsequent 
simulations. 

 
An example of possible segment weights is shown below in Table 2.9, based on USFWS (2003). Other 
data sources and individuals could be contacted to provide alternative weights and provide data or 
defaults for the steelhead and spring-run chinook that are missing from Table 2.9. For example, a concern 
was raised that the segment from Battle Creek to Red Bluff has recently changed for spawners. The 
system of segment weights would allow SacEFT to address any uncertainty raised by this issue through a 
sensitivity analysis. One limitation of the current SacEFT model is that it generally uses parameters that 
do not vary with time. In general, the incorporation of static segment-weights assumes that the 
observations used to develop the weights can be reasonably applied to both past and future simulations. 
This assumption is of course considerable, but the alternative is beyond the scope of our modelling 
philosophy (it is something better left to field monitoring). Specific changes to the physical system 
configuration (e.g. addition of GCID, Maxwell and Sutter Bypass) if implemented, would require time-

                                                      
 
 
6 The case for segment weighting applies to all PMs, not just those with area units. 
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dependent changes in segment weighs, something we could achieve through our database design At this 
point, development of time-varying weights is not a priority.  
 

Table 2.9. A possible distribution of segment-weights for salmonid spawning and egg PMs is shown 
here. These weights are based on observed distribution of fall, late-fall and winter run 
chinook spawning (1989–1994) (USFWS 2003, Table 1) and have been adjusted to create 
segment weights that sum to 100%. Plausible distributions or default assumptions must be 
found for steelhead and spring-run chinook. 
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The creation of segment-weights for the four spawning PMs can be extended to the consideration of 
weights for the two juvenile rearing PMs (and any other juvenile PMs that may be added) using the same 
new database table. Given the mobility of juvenile salmonids, the workshop participants felt that there 
was no strong empirical data to support the creation of a set of juvenile weights apart from the 
observation that juveniles are more frequently observed below Red Bluff Diversion Dam. As a possible 
first step, it might be advisable to use weights of 1.0 above RBDD, and a weight of 2.0 below RBDD.  
 
The existing linkage between spawning and juvenile PMs – the juvenile period commences with 
temperature-driven completion of the egg development period – makes it necessary to reconcile the 
spawning and juvenile proportions across river segments. Barring the development of a population-based 
model, a rule is necessary that uses the juvenile segment-weights to assign new juveniles to each segment 
each day. The simplest rule would be to use the juvenile-segment weights to ‘instantly transport’ new 
juveniles to each juvenile segment as they mature in each spawning segment, regardless of the river-
segment (and temperature and discharge history) of the developing eggs. More complex rules are also 
possible; perhaps allowing only downstream allocation of new juveniles. We will review the approaches 
adopted by life-cycle modelling groups (e.g., IOS) on this subject, to determine an appropriate 
simplifying rule for juvenile segment distribution. 
 
The incorporation of plausible segment-weights should improve the applicability and reliability of all 
PMs as they are aggregated across segments at the annual rollup. The implementation will have no 
technical impact on the Excel detailed output reports, but it will alter any daily-level R/Y/G assignments 
that are used in SacEFT version 2. There are issues that segment-weighting will not solve; for example 
the development of Rearing WUA relationships at downstream segments for which there are no 
relationships in SacEFT v.1. Those issues and possible solutions are discussed further in subsequent 
sections. 
 
Juvenile Temperature Maturation (CH7/ST7) 

The workshop participants felt that it was important to include temperature sensitivity during the juvenile 
residency period, and that data were available to parameterize such a relationship. Incorporation of a 
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temperature-based juvenile PM would add realism to SacEFT and provide a counterbalance to the 
tendency for some analyses (e.g. PHABSIM, IFIM) to converge toward “best” outcomes at low-flows. 
 
As an example of the concept, hatchery-based weight gain relationships are shown in Figure 2.6. Taking a 
4.5% daily ration as a typical value, weight gain over the residency period (e.g. 90 days for chinook) 
could be computed and would become a candidate PM. Juveniles who spent their residence period near 
the peak of the curve would show the greatest gain, while those at colder or hotter temperatures would 
show lower gain. Such differences (either as absolute values or as distributional breakpoints) could 
become the performance measure, as higher weight is generally associated with a higher condition factor, 
which generally supports higher smolt / ocean-entry survival. 
 
One possible constraint on the usefulness of this new PM is the current absence of reliable daily 
temperature data below Red Bluff Diversion Dam. If segment-weights are incorporated in SacEFT 
Version 2, the inclusion of a Juvenile Temperature Maturation (CH7/ST7) PM will depend on having 
simulated temperature data in the downstream reaches where juveniles are believed (and observed) to 
congregate (see Figure 2.8). 
 
Implementing this new indicator must also be weighted vs. salmonid enhanced spatial realism, and other 
new indicators recommended in sections below. 
 
 

 

Figure 2.6. Juvenile chinook growth as a function of temperature and % daily ration (from Brett et al. 
(1969)). 
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2.2.3 Technical feasibility, risks & priorities 

The technical feasibility, associated risk, and level of priority for the indicator modifications described in 
Section 2.2.1 and new PMs described in Section 2.2.2 are summarized in Table 2.10. In addition to this 
table, the action/outcome results presented above clarify our intentions regarding SacEFT v.2 changes. 
 

Table 2.10. Summary of performance measures modifications, amount of effort required to implement 
the modification in the SacEFT software, modification feasibility, level of risk, and 
modification priority. When present, numbers following the description of an issue refer to 
the sequential issues numbered in Section 2.2.1. 
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2.3 Fremont cottonwood 

2.3.1 Existing 

Riparian Initiation (FC1) 

The FC1 indicator is based on Mahoney and Rood’s (1998) recruitment box model, which predicts the 
success of riparian initiation as a function of changes in the timing of flows and water surface elevations. 
Important biological parameters in the SacEFT implementation of this approach are seed dispersal timing, 
seedling taproot growth rate, capillary fringe height and viable root depths. Another concept in this model 
is that of a “minimum viability date”— the calendar date after which model tracking of daily seedling 
survival stops. As summarized in Table 2.11 (and section 4.3.4 in ESSA 2007), work at three point bars 
between RM 192–172 (Roberts et al. 2002, TNC 2003) indicates that successful cottonwood recruitment 
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occurs at relative elevations of 3–9 ft (1–3 m) above summer baseflow levels when hydrograph recession 
rates are favorable (�  2-4 cm/day).  

Table 2.11. Data requirements for SacEFT’s FC1 performance measure – index of successful riparian 
initiation. 
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SacEFT’s riparian initiation model7 determines whether cottonwood seedlings will successfully initiate at 
a given node along a specific input cross section having a specific corresponding stage-discharge 
relationship. Cottonwood seeds are released within a dispersal window (Table 2.11). Seeds that land on 
non-inundated ground begin to grow roots downward from the elevation at which they were deposited. 
While accounting for capillary fringe height along the cross section (default 30 cm), the rate of stage 
decline determines whether the cottonwood’s root is able to maintain contact with the water table. As 
soon as the root depth is above the water surface elevation + capillary fringe height, the seedling dies – if 
it is above this height for > the assumed drought tolerance. Cottonwood seedlings whose roots reach a 
depth of 45 cm are assumed to be successful in reaching some type of ephemeral groundwater moisture 
and vigor sufficient to keep them alive through the remainder of their first year (Figure 2.8). Note: all 
these assumptions are configurable in the SacEFT database.  

 
In the end, the cottonwood performance measure tallies the number of initiation successes and failures 
across years and across the three cross-sections used in the model. Based on inspection of the all year 
results, counts of successfully initiating nodes are used to assign R/Y/G indicator ratings.  
 

                                                      
 
 
7 An adapted version of the TARGETS model (Alexander 2004) developed for the Trinity River Restoration Program, and designed by John Bair 
(McBain & Trush). 
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The node concept is important and sometimes confuses investigators interpreting the model’s cross-
section specific results (Figure 2.7). SacEFT’s riparian initiation model does not provide a count of 
surviving stems or seedlings. Rather, based on the inherent spatial resolution present for each cross-
section dataset, every survey point (whether real or interpolated) is treated as/called a ‘”node”. The model 
calculates whether a single seedling in the center of each of these “nodes” would or would not survive. 
The node count of surviving seedlings is then used as an index of seedling initiation success (more being 
better). Any change in the number of cross sections evaluated or the resolution of existing cross-sections 
would result in requiring re-calibration of R/Y/G threshold cut-offs. 
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Figure 2.7: SacEFT Fremont Cottonwood seedling initiation success: 1998 (good year). 

 
In making R/Y/G assignments for a particular water year, the value in the ARollGoodCountAssignGood 
field in the SacEFT database (SummaryOut_PMThresholds table) represents a count of cross-sectional 
nodes, in the target zone for initiation (i.e., anything above 8500cfs elevation + 3ft), where surviving 
seedlings were found. At present, with the existing three cross-sections, the value 7 was found by visual 
inspection to represent “good” (i.e. green) initiation success, from historical flow data sorted descending 
(best to worst counts for each year) over the 66 year record. Likewise, ARollGoodCountAssignBad 
represents the equivalent information, defining the lower bound on successfully initiating nodes before 
the color red/bad is assigned (node count �  3).  
 
These breakpoints are initial values for model demonstration purposes, and involve subjective judgment 
made by non-focal species experts. At present, years revealed by SacEFT as having the potential for 
strong riparian initiation success are: 1941, 1942, 1952, 1958, 1967, 1969, 1971, 1983, 1998 and 2003 
(historical data in SacEFT does not extend beyond 2005).  
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Workshop feedback 

Riparian subgroup participants at the October 7th and 8th review workshop did not note any significant 
concerns with the approach outlined above for determining seedling initiation success. Furthermore, 
riparian subgroup participants did not note any concerns or problems with the default parameter values in 
Table 2.11. Instead, riparian subgroup participants recommended we focus on the accuracy and 
representativeness of our cross-section profiles and stage-discharge datasets. We were told to 
consider other representative index locations that do not simply represent classic point bars like RM 172, 
183 and 192. A number of information sources were identified at the workshop to make these 
improvements to the FC1 indicator, and improve its credibility: 

1. Issue: Confirm default parameter values used in Table 2.11 and make more specific 
recommendations on cross-section data to include in SacEFT v.2. 

Action: All riparian subgroup participants (and any other reviewers asked to consider Fremont 
Cottonwood material) review the default values, and notify Clint Alexander at ESSA 
(calexander@essa.com; 250.860.3824) of whether any changes are necessary. Tell us what 
additional river mile locations are recommended to improve representativeness of the desired 
occurrence of riparian initiation? Near the end of discussions on this point during the October 8th 
workshop discussions, participants seemed to suggest that indeed it is classic point bars like RM 
172, 183 and 192 where riparian initiation is in fact most desired. If this is the case, we assume 
this point is moot. 

Outcome: As of the deadline for revision of this technical memo, ESSA had not received any 
further recommendations on river mile locations to consider. 

2. Issue: Verify the accuracy of SacEFT’s FC1 indicator in pinpointing the years found to have 
good/strong recruitment at the RM192-172 cross sections. At present, years revealed by SacEFT 
as having the potential for strong riparian initiation success are: 1941, 1942, 1952, 1958, 1967, 
1969, 1971, 1983, 1998 and 2003 (historical data in SacEFT does not extend beyond 2005). 

Action: Riparian subgroup participants (and any other reviewers asked to consider Fremont 
Cottonwood material) provide us with a list of years for which the RM 192–172 cross section 
locations yielded strong riparian initiation/recruitment. Based on field observations in recent 
years, do our years showing strong recruitment match8 field observations? Communicate 
comments to Clint Alexander at ESSA (calexander@essa.com; 250.860.3824). 

Outcome: As of the deadline for revision of this technical memo, ESSA had not received any 
further recommendations on expected strong recruitment years. ESSA will revisit this subject 
with Mike Roberts and Greg Golet (TNC) to determine what calibration datasets exist.  The 
existing year list will also change (shrink) after we implemented the scour component for this 
indicator. 

                                                      
 
 
8 Note: a potential confounding factor is scour. Since the SacEFT v.1 Fremont Cottonwood model does not consider scour, some of the years that 
show up as being strong riparian initiation years may in fact be false positives (seedlings in nature could have been subsequently scoured out 
during a winter storm event). 
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3. Issue: Adam Henderson (DWR) has updated cottonwood data for existing TNC point bar sites. 
(TNC stopped monitoring these sites in 2001, DWR stopped in 2006). Adam noted at the 
workshop that that there were some differences with Mike Robert’s TNC work (but details were 
not given during the workshop). 

Action: Adam Henderson communicates to Clint Alexander at ESSA (calexander@essa.com; 
250.860.3824) what these differences are, as they relate to Table 2.11 and issue #2. 

Outcome: As of the deadline for revision of this technical memo, ESSA had not received any 
further details from Adam on this point. We will follow-up with Adam to determine what data 
requires updating (if any). 

4. Issue: Updated cross-sections and stage-discharge relationships for RM172, 183 and 192 sites 
exist (part of DWR work, sites taken over from TNC). A memorandum by Tara Morgan 
addressing this for RM 172, 183 and 192 should be available. 

Action: Member of the riparian subgroup (Adam Henderson?) tracks down and provides this 
memorandum by Tara Morgan, and the electronic data files for the revised cross-sections and 
corresponding stage-discharge relationships to Clint Alexander at ESSA (calexander@essa.com; 
250.860.3824). 

Outcome: As of the deadline for revision of this technical memo, ESSA had not received any 
updated cross-section profiles or stage-discharge relationships. We will follow-up with Adam 
Henderson and Greg Golet obtain these data sets (if they exist). 

5. Issue: Work by David Lewis and Mike Tansey (written up by Chuck Young, SEI?) exists 
summarizing experimental laboratory data (for sandy soils, possibly some other soil types) on tap 
root growth rates and survivable stage decline. However, these laboratory conditions sound quite 
different from field conditions. 

Action: If these laboratory conditions are considered representative of field conditions, David 
Lewis gives write-up and details to Clint Alexander at ESSA (calexander@essa.com; 
250.860.3824). David Lewis summarizes what the differences are in relationship to Table 2.11. 

Outcome: No action will be taken. 

6. Issue: John Stella has done some work in off-channel habitats, which may provide some 
additional stage-discharge and cross-section data. 

Action: Riparian subgroup participant making this comment contact John Stella. Provide a 
recommendation of whether these locations would be considered desired target sites for riparian 
initiation. If the answer is yes, provide electronic data files with these cross-sections and the 
matching stage-discharge relationship to Clint Alexander at ESSA (calexander@essa.com; 
250.860.3824). Ryan Luster to determine if this information is already embedded in the off-
channel habitat study for the Flows Project, if yes, forward it on to Clint. 

Outcome: As of the deadline for revision of this technical memo, ESSA had not received any 
further stage-discharge or cross-section data for off-channel habitats. We will follow up with 
Ryan Luster to determine if this data exists, and if so, consider adding it to our index location set. 

7. Issue: The HEC-RAS US Army Corp of Engineers modeling done for the Comprehensive Study 
(1997) makes it possible to cut cross-sections virtually anywhere on the river. However, the 
resolution of this model is based on 2 foot contours, which is likely not of sufficient for riparian 
initiation modeling where calculations are made down at the centimeter level. Furthermore, it is 
not clear whether corresponding stage-discharge relationships would exist for cross-sections 
derived in this manner (i.e., include a range of river water surface elevation points for flows 
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ranging from ~3,000cfs to 130,000cfs). AYRES consultants did some hydrologic studies for TNC 
based on the Comprehensive Study. 

Action: TNC Fremont Cottonwood biologists decide whether a pilot exercise to determine the 
utility of these data is worthwhile. This would involve TNC contacting AYRES consultants and 
asking them to extract HEC-RAS cross sections for RM 172, 183 and 192 (from HEC, not field 
survey data). TNC would need to further ask AYRES to simultaneously furnish the corresponding 
stage-discharge relationship from HEC-RAS for these sites (i.e., which requires multiple river 
water surface elevation points for flows ranging from ~3,000cfs to 130,000cfs, not just values for 
the x-yr flood, which is unusable in SacEFT). If this data can be provided (to Clint Alexander at 
ESSA (calexander@essa.com; 250.860.3824), ESSA could then do a sensitivity analysis 
comparing how well the SacEFT FC1 results compare using the field surveyed cross sections vs. 
modeled cross sections. If this sensitivity analysis results are positive, we can then revisit whether 
obtaining cross sections for other index sites is warranted. 

Outcome: As of the deadline for revision of this technical memo, ESSA had not received this 
data. We will follow up with Ryan Luster, and if AYRES can furnish the requested data, ESSA 
will perform this sensitivity analysis/comparison. Results will be used alongside cost-benefit 
considerations to determine if other HEC-RAS US Army Corp Comprehensive Study cross-
sections and stage discharge datasets should be included in SacEFT v.2. 

 

Indicator credibility rating 

Using the rating system described in Section 1, we would assign a credibility rating of 3.5 to FC1 in its 
current form (Applicability score = 4; Reliability score = 3; weighting of 0.5 for both criteria). FC1 scores 
high with respect to applicability because the model is based on field observation data derived for the 
Sacramento River (though admittedly only at 3 index locations). Reliability is scored as 3 (“strong 
evidence but not conclusive, only medium strength predictive power, some evidence for competing 
hypotheses and/or confounding factors”). Riparian initiation is a site specific process, influenced by local 
factors such as substrate soil characteristics, presence of ephemeral water and other site specific factors 
that influence initial seed viability. The representativeness of the 3 index locations used in the model is 
perhaps the largest single consideration with respect to reliability. 

2.3.2 New 

The riparian subgroup noted that riparian initiation (FC1) is but the first important life-history event 
controlling recruitment of Fremont Cottonwood seedlings (Figure 2.8). Participants recognized that 
SacEFT is not attempting to be a predictive full life-history model that tracks the spatially-explicit 
evolution of riparian forests. Hence, it is beyond the scope of the SacEFT model to generate estimates of 
acres of riparian habitat created or lost in relation to flow and channel/riparian management actions. 
However, riparian subgroup participants believed we should consider the effects of scouring flows 
in the first 2 years following a successful (green) FC1 initiation event. The logic for this is persuasive 
– there is no point expending large volumes of water to achieve riparian initiation, and then wiping out 
these benefits in year t+1 or t+2 with a scouring flow. 
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Figure 2.8: Conceptual life-history model for Fremont Cottonwood initiation, establishment and 
maturity. The ‘X’ represents life-history events and processes not currently considered in 
SacEFT v.1. 

When asked what flows would ensure scour mortality of riparian seedlings �  2 years, a flow of 
�  90,000cfs flow was offered as guaranteeing 100% mortality of these seedlings (erasing the benefits of 
the previous riparian initiation event). In terms of scour depth inside the target initiation zone (Figure 
2.9), these �  90,000cfs flood flows were expected (based on scour chain observations) to readily generate 
gravel mobilization down to 2 ft or more. 
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Figure 2.9. Generalized pattern of successful seedling initiation observed for cottonwoods along alluvial 
rivers. Seedlings that germinate too high on the bank cannot grow roots fast enough to keep 
up with the receding water table and soil moisture level during the hot summer months, while 
seedlings that initiate too low on the bank are removed by scour during high flow events 
during the subsequent winter or spring. Seedlings in the target initiation zone may also be 
scoured and killed by high flows. Source: Stillwater Sciences poster presentation, Calfed 
Science Conference, 2008. 

 
The following issues and actions are required to clarify this new indicator – FC2, Fremont Cottonwood 
scour: 

1. Issue: Are there flows less than 90,000 cfs that would generate “yellow” scour risk (Figure 2.10), 
or is this indicator merely an on/off switch with flows �  90,000cfs generating “red” scour (i.e., 
failure of riparian establishment)? Is 90,000 cfs indeed the appropriate threshold for “red” scour? 

Action: All riparian subgroup participants including Yantao Cui (Stillwater Sciences), and any 
other reviewers asked to consider Fremont Cottonwood material, provide expert advice on this 
question. What scour chain observations are you familiar with that would show �  2ft scour in the 
target initiation zone (8,500 cfs + 3ft) for cross sections ‘like’ RM172, RM183, RM192? What 
were these flows? From TUGS modeling work, provide a plot of the modeled bed shear stress 
values for flows between 0 and 90,000cfs (Yantao). Send your responses on these questions to 
Clint Alexander at ESSA (calexander@essa.com; 250.860.3824). 

Outcome: As of the deadline for revision of this technical memo, ESSA had not received any 
further advice on these questions. We will follow up with project collaborators, and barring 
specific input, include preliminary defaults in SacEFT v.2 that can subsequently be modified. 
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Figure 2.10. Hypothetical sketch of Fremont Cottonwood seedling mortality inside the target initiation 
zone as a function of flow.  

Indicator credibility rating 

FC2, were it implemented in the manner described above would be assigned a credibility rating of 3  
(Applicability score = 4; Reliability score = 3; weighting of 0.5 for both criteria). The 90,000 cfs scouring 
flow is based on Sacramento River observations. However, the sensitivity of this measure and its stability 
across multiple sites is theoretical, and alternative hypotheses and confounding factors will exist. 
Reviewers of this document are asked to comment on this assessment, which would be revised based on 
responses to the issue above. 

2.3.3 Technical feasibility, risks & priorities 

The technical feasibility, associated risk, and level of priority for each indicator modification described in 
this section are summarized in Table 2.12. 

Table 2.12. Summary of performance measures modifications, estimated amount of effort required to 
implement the modification in the SacEFT software, modification feasibility, level of risk, 
and modification priority.  
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2.4 Green sturgeon 

2.4.1 Existing 

Thermal Egg Mortality (GS1) 

The impact of water temperature on green sturgeon eggs is modeled using daily changes in temperature 
over the egg development period at two locations with deep water and high turbulence: Bend Bridge and 
Hamilton City. From the daily average temperature, estimates of exposure to the hazard of warm water 
are modeled using two temperature breakpoints: 17 °C and 20 °C, to mark temperature excursions into 
zones of moderate and high risk. Each day the model tracks spawned eggs over a fixed development 
period of 14 days, tracking each spawning day separately. The simplicity of the model stems from the 
lack of information about temperature-based mortality, referring instead to the categorical evaluation 
created by Cech et al. (2000, cited in (NMFS 2003)) to assign “healthy,” “moderate” and “lethal” 
outcomes. Other measures of green sturgeon life history (e.g., flow-habitat; juvenile entrainment; fishing 
and poaching, discharge-migration cues) were found to be lacking in quantitative knowledge and 
therefore are not included in SacEFT v.1.00.019. 
 
In SacEFT v.1, the daily performance measure for each spawning day at each location is computed by 
tracking the day-cohort over the 14 day egg development period. The worst (highest temperature) 
experienced by the day-cohort is then used to assign a of R/Y/G Indicator rating to the daily performance 
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measure. Thus, only a single day above 20°C is required to assign a day’s spawners in a Red Indicator 
Rating. The annual PM at each location is the most frequent outcome for each location, with each day’s 
Indicator Rating contribution weighted by the spawning distribution weight for the day. The annual 
rollup PM is calculated by combing the daily PMs across all locations over the spawning and 
development period, with the contribution of each day’s Indicator Rating weighted by the spawning 
distribution weight for the day. Sacramento River water temperatures in the yellow (fair) and red (poor) 
ranges are very uncommon during green sturgeon spawning and incubation, and the existing scoring 
heuristic never results in a historical year other than a ‘Good’ ranking. 

Workshop feedback 

The workshop sub-group agreed that the Green Sturgeon egg survival was a useful PM, and probably 
the only quantifiable PM given current uncertainty about the species’ life history and habitat utilization on 
the Sacramento River. While it is only moderately quantitative, it represents the best information 
available. The scoring heuristic in SacEFT v.1 was thought to be too coarse and does not adequately 
reflect the range of habitat thermal suitability. They identified the following issues and actions described 
below.  

1. Issue: As currently configured in SacEFT, green sturgeon spawning begins on March 1. The 
workshop participants stated that a starting date of March 15 would be more appropriate, shifting 
the entire distribution later but keeping the August 31 as the last spawning day. The middle 
portion of spawning should include May and June only. 

Outcome: ESSA will correct these spawning timing errors. 

2. Issue: The participants recommended that a third possible spawning location be added at Vina 
(RM218). 

Outcome: ESSA will add the third spawning location. 

3. Issue: The participants recommended that the habitat scoring rule, which is based on the most 
common (modal) outcome, should be changed to one that approximates a temperature-mortality 
relationship with full survival below 17 °C and complete mortality above 20 °C. The relationship 
should be linear between these two temperatures; annual cohort survival above 95% should be 
‘Good’ for the year-cohort; 90-95% survival should be ‘Yellow’ and less than 90% should be 
‘Poor.’ 

Outcome: ESSA will explore the technical implementation effort, and subject to a cost-benefit 
assessment (considering relative priority vs. other suggestions in this document) list this change 
with a view to completing it, should budgetary resources permit once higher priority changes 
have been exercised. 

4. Issue: Habitat areas are not fully characterized along the upper Sacramento (notwithstanding the 
3 locations identified). Better understanding of spawning habitat (versus knowing where green 
sturgeon prefers to aggregate) remains a key knowledge gap. Preferences that were identified 
include large deep pools with complex structure that creates turbulence. 

Action: Josh Israels is doing mesohabitat mapping to determine preferred depths and velocities. 
Should additional locations be identified, they will be added to the existing sites, and incorporated 
into v.2 

Indicator credibility rating 

Using the rating system described in Section 1 and assigning equal weight to Applicability and 
Reliability, we would assign credibility ratings shown below in Table 2.13. The Applicability score is low 
because it is based on laboratory studies of egg survival; Reliability is also low because of the weak 
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quantitative link between the temperature for normally developing eggs/larvae and the temperature for 
full mortality. 

Table 2.13. Credibility rating for Green Sturgeon Thermal Egg Mortality (GS1). 
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2.4.2 New 

No new indicators were identified for green sturgeon by the sub-group during the workshop.  

2.4.3 Technical feasibility, risks & priorities 

The technical feasibility, associated risk, and level of priority for the indicator modifications described in 
Section 2.4.1 are summarized in Table 2.14. 
 

Table 2.14. Summary of performance measures modifications, amount of effort required to implement 
the modification in the SacEFT software, modification feasibility, level of risk, and 
modification priority. When present, numbers following the description of an issue refer to 
the sequential issues numbered in Section 2.4.1. 
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2.5 Western pond turtles 

2.5.1 Existing 

Creation of newly orphaned channel habitat (WPT1) 

In the case of creation of newly orphaned channels (WPT1), the Meander Migration model (Larsen 2007) 
predicted only two events (TNC et al. 2008, Appendix F). These occurred in WY 1939 and 1941 only, 
reshaping one bend in the most-downstream segment of the study area, adding 2070 m2 and 425 m2 of 
new orphaned channel habitat in the process (Larsen 2007). The same magnitude events occurred under 
all three alternative flow regimes modeled when revetment was removed at selected sites and also under 
one of the three alternative flow regimes when revetment was left in place. 
 
The fact that the major cut-off event occurred during the first simulation year following rip-rap removal 
and across all three flow regimes indicates that revetment is a major determinant for this indicator. 
However, once revetment was removed and these cut-off events took place, the newly aligned bend and 
its upstream relatives were subsequently insensitive to variations over the following half century of 
simulated flows. This is not a reflection of lack of sensitivity of the WPT1 indicator itself per se, but 
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reflects the overall lack of contrast in Meander Migration results. As a consequence of this lack of 
contrast, the WPT1 indicator was not implemented in SacEFT v.1 (little value in spending resources to 
develop user interface code for such static results). 

Workshop feedback 

The performance observed for WPT1 did not surprise riparian subgroup participants. Subgroup 
participants at the October 7th and 8th review workshop noted that creation of new oxbow habitat at the 
rate of “one every century” (~ length of time required for an oxbow to become completely terrestrialized 
due to infill) might be considered acceptable or “good” (flows > 150,000cfs). As more and more outside 
bends are stabilized with riprap, fewer sites will have the potential to cut-off. The most important 
conservation action is the removal of revetment rather than significantly enhancing flows. In the words of 
Fremier (2007): “No matter how much water is sent down the river channel in the presence of channel 
constraints, channel migration … will not increase significantly” (pg. 80). Therefore, SacEFT WPT 
modeling is not needed to derive evidence in support of this conclusion (instead see Larsen et al. 2006; 
Kondolf and Stillwater Sciences 2007 and references therein; Fremier 2007). WPT1 as a formal indicator, 
will therefore be removed. 
 
Indicator credibility rating 
 
n/a. 

2.5.2 New 

One new indicator specific to Western Pond Turtles (WPT) was discussed at the October 7th and 8th 
SacEFT review workshop—nest inundation mortality (WPT2). The subgroup (including Don Ashton) 
discussed the hypothesis that high water levels and flow in off-channel water bodies during the egg 
incubation period (June–October) would create significant mortality to WPT (flows �  90,000cfs during 
this time period would definitely be “bad” for WPT). While flows of this magnitude during June - 
October (WPT nest incubation) would be undesirable (perhaps “fair/yellow” risk), the belief of workshop 
participants was that this was not a major threat to WPT in the Sacramento River, and that sufficient high-
ground habitats should exist and be utilizable by the turtles to reduce this threat. (They have evolved to 
place their nests at suitable heights9). 
 
The general impression of WPT biologists (specifically Don Ashton) was that for the Sacramento River 
system, the focus should be on working to make the main channel more hospitable, and focus on invasive 
species deterrence in existing off-channel habitats (Ludwigia hexapetala and largemouth bass). This 
includes keeping temperatures low (including in off-channel water bodies) and increasing the amount of 
Large Woody Debris (LWD) in the main channel. Because these are not actually specific Western Pond 
Turtle indicators, these suggestions are captured in section 3, under the titles: 

• riparian floodplain diversity; 

• off-channel / floodplain inundation patterns; 

• large woody debris recruitment (strong WPT proxy/surrogate); and 

• invasive species deterrence: water primrose and largemouth bass (strong WPT proxy/surrogate) 
 

                                                      
 
 
9 i.e., we assume enough higher-ground locations exist along the middle/upper Sacramento River corridor that have escaped the laser level. 
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Hence, the overriding advice of WPT biologists was to focus on surrogate or proxy habitat indicators that 
would tend to enhance the competitive strength of WPTs. 
 
Indicator credibility rating 
 
n/a. 

2.5.3 Technical feasibility, risks & priorities 

n/a (see Section 3 proxy habitat indicators). 
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3. New Candidate Indicators Representing 
Other Focal Species Habitat Benefits 

3.1 Riparian floodplain age diversity 

Riparian subgroup participants recommended use of riparian floodplain age diversity, FAD1 
(heterogeneity) as a useful surrogate variable supporting a variety of focal species habitat benefits. This 
would be achieved by leveraging the work of Fremier (2007), in combination with floodplain age 
calculations derived from the Meander Migration model (Figure 3.1). 
 

 

Figure 3.1. Importance values by floodplain age class for six woody riparian species, i.e., the relative 
contribution of each species over the floodplain age gradient. These values sum to 1.0 over all 
floodplain age classes. Source: Fremier (2007), Figure 3.6. 

 
On the Sacramento River, Fremier (2007) suggests that in the presence of channel constraints such as rip 
rap most adversely affects early to mid-seral stages, namely cottonwood, due to reduced channel 
migration rates (planning horizons �  130 years). 
 
Implementing this indicator (FAD1) in SacEFT v.2 would be relatively straightforward, assuming the 
Meander Migration model is capable of accurately modeling the distribution of floodplain age throughout 
the study area (summing up from floodplain ages at the bend resolution). It is assumed that this indicator 
would only be relevant for simulations of at least 50 years, but this is not immediately clear. Care would 
be needed to ensure that the annual migration “slices” derived from the Meander Migration model were 
not artificially small and categorized/treated as distinct floodplain habitats. Artificial mathematical 
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assignments of floodplain age due to spatial artifacts from the Meander Migration model might lead to a 
highly skewed exponential-type frequency distribution (either left- or right-skewed). 
 
A number of details need to be addressed by riparian subgroup members to determine the feasibility of 
implementing FAD1 in SacEFT v.2: 

1. Issue: Provide a description of how/whether the Meander Migration model would/could 
determine the distribution of floodplain ages in the study area, and whether these modeled 
floodplain surfaces are indeed the appropriate spatial habitat units of concern. 

Action: Eric Larsen to generate a 1-2 page recommendation and statement of feasibility; plus 
other riparian subgroup participants comment on their understanding of the suitability of the 
Meander Migration model for this purpose. Send responses to Clint Alexander at ESSA 
(calexander@essa.com; 250.860.3824) 

Outcome: still to do/determine; 

2. Issue: What frequency distribution of floodplain ages would be poor, fair and good? Is a uniform 
distribution the most ideal? Exponential to the left? Rising exponential to the right? Normal? 

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
are to provide us with their expert opinion. Without an answer to this question, the practical 
utility of the FAD1 indicator is doubtful. Send responses to Clint Alexander at ESSA 
(calexander@essa.com; 250.860.3824). Presumably we would want a distribution similar to what 
was there historically. Riparian subgroup participants are asked to provide any references on this 
for the Sacramento or other relatively similar alluvial rivers. 

Outcome: still to do/determine; 

3. Issue: What would be the minimum model simulation duration needed for this indicator to be 
relevant? SacEFT runs do not extend beyond 50–60 years. 

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
are to provide us with their expert opinion. Without an answer to this question, the practical 
utility of the FAD1 indicator is doubtful. Send responses to Clint Alexander at ESSA 
(calexander@essa.com; 250.860.3824); 

Outcome: still to do/determine; 

4. Issue: Using an a priori thought experiment, can we really expect meaningful contrast in this 
performance indicator across SacEFT flow scenarios? 

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
are to provide us with their expert opinion. If the answer to this question is “no”, then this 
performance measure would not add any discriminatory power to make trade-off decisions in 
SacEFT, and the FAD1 indicator should not be pursued. Send responses to Clint Alexander at 
ESSA (calexander@essa.com; 250.860.3824) 

Outcome: still to do/determine. 
 

Indicator credibility rating 

FAD1, were it implemented in the manner described above would be assigned a credibility rating of 2  
(Applicability score = 2; Reliability score = 2; weighting of 0.5 for both criteria). This is a semi-
quantitative to qualitative proxy performance indicator reliant on the Meander Migration model. 
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3.1.1 Technical feasibility, risks & priority 

The technical feasibility, associated risk, and level of priority for this new indicator are summarized in 
Table 3.1. 

Table 3.1. Summary of performance measure issues, estimated amount of effort required to implement 
the modification in the SacEFT software, modification feasibility, level of risk, and 
modification priority.  
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3.2 Off-channel / floodplain inundation patterns 

Off-channel and floodplain inundation (OFI1) was a surrogate indicator recommended by the riparian 
subgroup to capture the geomorphic processes necessary for habitat creation for a number of focal 
species. Three types of flows were discussed in relation to this indicator: 1) side-channel connection flows 
(12kCFS); overbank flows (�  90kCFS); and scour and maintenance flows (>> 100kCFS).  
 
Allowing for connection flows would maintain floodplain connectivity and provide cooler water to off-
channel habitat which would benefit Western Pond Turtle and juvenile fish. Overbank flows would allow 
the important geomorphic process of floodplain deposition (creates nesting habitat for both Western Pond 
Turtle and bank swallow in the future) and oxbow formation. In addition, overbank flow would release 
large doses of nutrients for fish. Last, scour and maintenance flows would provide flushing benefits to the 
channel by reducing certain types of invasive species (see Section 3.4 for more details). In addition, scour 
and maintenance flows would flush fine sediments out of the channel and provide gravel transport. 
 
Implementing this indicator (OFI1) in SacEFT v.2 would be relatively straightforward; however a 
number of details need to be addressed by riparian subgroup members to ensure its usefulness (all still to 
do): 

1. Issue: Provide confirmation of the flow magnitude for each of the flow types: 1) connection 
flows (12kCFS); overbank flows (�  90kCFS); and scour and maintenance flows (>>100kCFS).  
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In particular, what does “>>100kCFS” mean, what is the appropriate flow threshold? 100 kCFS?  
150kCFS? 

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
provide us with their expert opinion. Without an answer to this question, the practical utility of 
the OFI1 indicator is doubtful. Send responses to Katherine Wieckowski at ESSA 
(kwieckowski@essa.com, 604 733 2996); 

2. Issue: What frequency is desirable for each flow type to characterize whether a multi-decadal 
flow regime would be poor, fair and good? We assume the “more” maintenance and scour flows 
over the course of a 50+ yr simulation, the better. How often is it important to have connection 
flows?  Further clarity is needed from the riparian subgroup. 

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
provide us with their expert opinion. Without an answer to this question, it will not be possible to 
rate the significance of the overall multi-decadal counts for this indicator. Send responses to 
Katherine Wieckowski at ESSA (kwieckowski@essa.com, 604 733 2996); 

3. Issue: What is the desired timing for each flow type so that focal species receive the most 
benefit/least harm? What are the trade-offs? 

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
provide us with their expert opinion. Send responses to Katherine Wieckowski at ESSA 
(kwieckowski@essa.com, 604 733 2996); 

4. Issue: From an a priori thought exercise, can we expect meaningful contrast in this performance 
indicator across flow scenarios (i.e., under some flow scenarios will it not be possible to achieve 
the desired flows (with respect to magnitude and frequency)? 

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
provide us with their expert opinion. If the answer to this question is “no”, then this performance 
measure would not add any discriminatory power to make trade-off decisions in SacEFT, and the 
OFI1 indicator should not be pursued. Send responses to Katherine Wieckowski at ESSA 
(kwieckowski@essa.com, 604 733 2996). 

Indicator credibility rating 

OFI1 in the form described above would be assigned a credibility rating of 2  (Applicability score = 2; 
Reliability score = 2; weighting of 0.5 for both criteria). This indicator is largely based on expert opinion. 

3.2.1 Technical feasibility, risks & priorities 

The technical feasibility, associated risk, and level of priority for the indicator OFI1�is summarized in 
Table 3.4. 
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Table 3.2 Summary of new performance issues, amount of effort required to implement the 
modification in the SacEFT software, modification feasibility, level of risk, and modification 
priority. Indicator issues and required modifications (i.e., actions). 
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3.3 Large woody debris recruitment 

Another suggested habitat indicator from the riparian subgroup was large woody debris recruitment 
(LWD1) to the main channel of the Sacramento River. This suggestion came up during the discussion of 
Western Pond Turtle (WPT) improvements, where Don Ashton recommended that the main channel not 
be ruled out as suitable habitat for WPT. The suggestion was to attempt to make the main channel more 
hospitable to WPT, and indeed, LWD is well known to provide habitat complexity and cover beneficial to 
salmonids.  
 
Implementing this indicator (LWD1) in SacEFT v.2 assumes that Meander Migration model could be 
configured to calculate the “area re-worked that is in ‘old’ forest”? Eric Larsen suggested he may even be 
able to give an actual “count” of tree trunks dropping into the mainstem Sacramento River, or, provide the 
number of hectares of forests eroded into main channel. Details to resolve include defining what is “old” 
(e.g., AFRP says 40-70yrs is mature (10cm diameter or greater is considered minimum for LWD), 
whether orchards would also be included (e.g., walnut trees). Hence, there are several details that need to 
be addressed by riparian subgroup members (all still to do) to determine the feasibility of implementing 
LWD1 in SacEFT v.2: 

1. Issue: Provide a description of how/whether the Meander Migration model would/could 
determine the area re-worked that is in ‘old’ forest in the study area, and whether the performance 
measure should be the number of trunks recruited or the number of hectares of forests eroded into 
the main channel. 

Action: Eric Larsen to generate a 1-2 page recommendation and statement of feasibility10; plus 
other riparian subgroup participants comment on their understanding of the suitability of the 

                                                      
 
 
10 E.g., Include details such as whether it is reasonable to use 2007 veg. mapping and assume a “static forest” from the start of the MM/SacEFT 
simulations or not. 
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Meander Migration model for this purpose. Send responses to Clint Alexander at ESSA 
(calexander@essa.com; 250.860.3824); 

2. Issue: What # of trunks or area of old forests eroded into the main channel over 50-60 years 
would be poor, fair and good? 

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
provide us with their expert opinion. Without an answer to this question, the practical utility of 
the LWD1 indicator is doubtful. Send responses to Clint Alexander at ESSA 
(calexander@essa.com; 250.860.3824); 

3. Issue: Using an a priori thought experiment, can we expect meaningful contrast in this 
performance indicator across SacEFT flow scenarios? 

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
provide us with their expert opinion. If the answer to this question is “no”, then this performance 
measure would not add any discriminatory power to make trade-off decisions in SacEFT, and the 
LWD1 indicator should not be pursued. Send responses to Clint Alexander at ESSA 
(calexander@essa.com; 250.860.3824). 

 

Indicator credibility rating 

LWD1, were it implemented in the manner suggested above would be assigned a credibility rating of 3  
(Applicability score = 4; Reliability score = 2; weighting of 0.5 for both criteria). This is a semi-
quantitative proxy performance indicator reliant on the Meander Migration model. 

3.3.1 Technical feasibility, risks & priority 

The technical feasibility, associated risk, and level of priority for this new indicator are summarized in 
Table 3.3. 

Table 3.3. Summary of performance measure issues, estimated amount of effort required to implement 
the modification in the SacEFT software, modification feasibility, level of risk, and 
modification priority.  
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3.4 Invasive species deterrence: water primrose and  large mouth bass 

Riparian subgroup participants recommended using invasive species deterrence flows (ISDF) as a useful 
surrogate indicator for improving target focal species habitats (e.g., like Western Pond Turtles). Hence, 
the flow targets used to deter invasive species would help favor focal species. Two invasive species 
highlighted by the riparian subgroup as being most undesirable are large mouth bass (Micropterus 
salmoides) and water-primrose (Ludwigia hexapetala) (Figure 3.2).  
 

 

Figure 3.2  Photograph (October 9th 2008) of a slough covered in Ludwigia hexapetala, commonly 
known as water-primrose (photo taken near Phelan Island Wildlife refuge – RM 190-192). 

On the Sacramento River, Ludwigia is problematic because it forms dense mats in waterways, reaching 
above and below the water surface. This dense growth impedes water movement, blocks the growth of 
native plants, and reduces available habitat for waterbirds and fish. The riparian subgroup suggested that 
large flushing flows would improve upstream habitat and would impede the spread of Ludwigia further 
upstream. Flushing flows greater than 100kCFS were believed to be sufficient to push large mats of 
Ludwigia downstream and out of side channels and sloughs.  
 
Large mouth bass is also problematic on the Sacramento River because it outcompetes native fish and 
preys on juvenile focal fish species, as well as juvenile Western Pond Turtles. The riparian subgroup 
suggested that flows large enough to get into large mouth bass habitat off-channel habitat would deliver 
cold water that could inhibit spawning if delivery timing and duration are correct.  
 
Implementing this indicator (ISDF1) in SacEFT v.2 would be relatively straightforward, assuming that all 
the information necessary for determining the required flow magnitude and duration to achieve the above 
stated invasive deterrent actions can be clearly stated. Details that need to be addressed by riparian 
subgroup members (all still to do) to determine the feasibility of implementing ISDF1 in SacEFT v.2 are: 

1. Issue: Largemouth bass have an optimum growth rate at temperature of 25-27 ºC (Trebitz 1991). 
The temperature range that largemouth bass are reported to spawn at is 12 -25 ºC, however higher 
temperatures are preferable (Rogers et al. 2006). Nesting success is reduced if temperatures drop 
below 15.5 ºC during incubation because this temperature generally cause males to leave the nest 
leaving it unprotected against predators (Davis and Lock 1997). Spawning can take place over a 
period of several weeks or longer, depending on water temperatures. Largemouth bass have been 
reported to spawn in all months except for September and October (Simon and Wallus 2008). In 
California, spawning typically occurs in spring (mid-March to late May) when water 
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temperatures become favourable for spawning (Simon and Wallus 2008). Low temperatures 
during largemouth bass spawning period will inhibit successful spawning (� 10ºC). Providing 
sufficient flows to maintain these low temperatures at the appropriate time of year may shift the 
competitive advantage to native target species. The length of time that these flows should be 
maintained is likely to be dependent on the length of the spawning season, i.e., the time period 
during which water temperatures are favourable in the absence of deterrent flows.  

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
provide us with their expert opinion. A complication with the temperature issue for bass 
spawning is that temperatures in off-channel habitats may be quite a bit warmer than in the main 
channel due to differences in residence time of the water.  And the temps may also be highly 
variable from one off-channel to the next due to differences in connection with the river. In 
SacEFT v.21 we will not have this resolution of water temperature data. We may be able to apply 
a fixed temperature increase based on off-channel habitat study data. Without an answer to these 
questions it will not be possible to set thresholds and parameterize the indicator. Send responses 
to Katherine Wieckowski at ESSA (kwieckowski@essa.com, 604 733 2996); 

2. Issue: Provide confirmation of the flow magnitude and duration required to push Ludwigia mats 
downstream (i.e., how many days at >> 100kCFS). 

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
provide us with their expert opinion. Without an answer to this question, the practical utility of 
the ISDF1 indicator is doubtful. Send responses to Katherine Wieckowski at ESSA 
(kwieckowski@essa.com, 604 733 2996); 

3. Issue: What multi-decadal frequency of deterrence flows would be poor, fair and good? 

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
provide us with their expert opinion. How quickly does Ludwigia recolonize?  Could this be 
revealed by looking at aerial photos after floods?  Ludwigia has been mapped from air photos by 
the Geographical Info Center at CSUC (Greg Golet, pers. Comm.). Without an answer to this 
question, it will not be possible to assess the multi-year significance of different counts of ISDF1 
flows. Send responses to Katherine Wieckowski at ESSA (kwieckowski@essa.com, 604 733 
2996); 

4. Issue: From an a priori thought exercise, can we expect meaningful contrast in this performance 
indicator across flow scenarios? 

Action: Riparian subgroup participants (and any other reviewers asked to consider this question) 
provide us with their expert opinion. If the answer to this question is “no”, then this performance 
measure would not add any discriminatory power to make trade-off decisions in SacEFT, and the 
FAD1 indicator should not be pursued. Send responses to Katherine Wieckowski at ESSA 
(kwieckowski@essa.com, 604 733 2996). 

Indicator credibility rating 

ISDF1 in the form described above would be assigned a credibility rating of 2.5 (Applicability score = 
3; Reliability score = 2; weighting of 0.5 for both criteria). This indicator is largely based on opportunistic 
observations with respect to the Ludwigia and on laboratory and field observations from other locales 
with respect to large mouth bass.  Expert judgment is involved. 
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3.4.1 Technical feasibility, risks & priorities 

The technical feasibility, associated risk, and level of priority for the indicator ISDF1�is summarized in 
Table 3.4. 

Table 3.4 Summary of new performance issues, amount of effort required to implement the 
modification in the SacEFT software, modification feasibility, level of risk, and modification 
priority. Indicator issues and required modifications (i.e., actions). 
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4. Role and Status of Supporting Physical Models 

4.1 CALSIM-USRDOM 

Use of existing planning models is a key aspect of the SacEFT system. In SacEFT v.1, this included the 
CALSIM-SRWQM-HEC5Q modeling complex water-planning tool. Millions of dollars have already 
been spent developing and applying models like CALSIM. As most of these are road tested, commonly 
used and generally accepted, SacEFT does not reinvent their functionality. Instead, we link in their time 
series results, and run SacEFT’s ecological algorithms against these externally modeled flows. Our goal is 
to facilitate the inclusion of a broader suite of ecological considerations into water-planning exercises, 
which therefore creates the need to be able to use CALSIM (or any other daily modeled) flows and ideally 
feed-back constraints revealed by SacEFT to these parent models.  
 
SacEFT requires daily resolution flows from any water-planning tools that it uses. SacEFT v.1 
prospective daily flow datasets were based on 2005 baseline assumptions as simulated using the 
CALSIM-SRWQM-HEC5Q modeling complex. The Common Assumptions team has agreed that the 
daily flow disaggregation results from SRWQM below Red Bluff Diversion Dam (RBDD) are flawed. 
Hence, it is important to emphasize that in SacEFT, records below RBDD were used for testing and 
demonstration purposes. SacEFT v.1 modeling results for performance measures calculated at sites above 
RBDD represent legitimate flow comparisons. DWR is working on an updated disaggregation algorithm 
intended to resolve the flow stability concerns below Red Bluff. When completed and tested, this new 
disaggregation methodology will be built into the Daily Operations Model (USRDOM).  
 
We learned October 7th 2008 that USRDOM is expected to be complete and calibrated by the spring of 
2009. In fact, USRDOM has already reached a stage of development where it is being considered for pilot 
tests with other models, such as SRH-1DV (a 1-d model that simulates river hydraulics and Cottonwood 
vegetation growth), SRH-SIAM (simulates water and sediment budgets at the watershed scale, including 
predicting sediment loads from tributaries) and RHEM  (simulates the growth of riparian vegetation on 
point bars). For some time we have been aware that there is a significant amount of data from the 
USRDOM that could be beneficial to the application of SacEFT v.2. 
 
For SacEFT v.1 demonstration, DWR provided several sets of daily disaggregated discharge data for a 
variety of scenarios from the CALSIM – SRWQM models. Three of these, NODOS-A2FB (North-of-the-
Delta Offstream Storage), Shasta (raise Shasta Dam 18.5 ft) and FNA2 (Future No Action) were selected. 
Although these scenarios were preliminary and the daily flow disaggregations below RBDD were under 
development, they offered our study team the best opportunity to explore contrasting flow regimes for 
model testing (see TNC et al. 2008). 
 
Our plan for future analyses completed with SacEFT v.2 is to use true USRDOM daily flows, and 
retire the flows obtained from CALSIM-SRWQM-HEC5Q. We plan to obtain a “refresh” on the 
NODOS-A2FB, Shasta+18.5 and FNA2 daily flows from the USRDOM proper, as well as capture the 
flows available from the USRDOM hindcast simulation for Oct 1 1964 to Sep 30 2003. If additional 
USRDOM scenarios are available that define potential future hydrosystem configuration or operation, 
these scenarios (e.g., alternative scenarios directed at meeting Delta needs) could also be imported into 
SacEFT v.2 and their ecological performance evaluated. In particular, we are interested in obtaining 
results from USRDOM related to one or more downscaled climate change scenarios (i.e., scenarios 
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above for modified hydrosystem state, with existing climate and projected 2050 or 2100 climate). Bates 
et al. (2008) state:�
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Given the scientific consensus on climate change, it is now foolhardy to ignore downscaled Global 
Circulation Model results in any serious attempt at evaluating future hydrologic conditions in a water 
planning study. For this reason, we are currently looking at the CASCaDE project (“Computational 
Assessments of Scenarios of Change for the Delta Ecosystem”) which emphasizes study of the 
Sacramento Bay-Delta estuary scenarios in the context of future climate (e.g., work using downscaled 
GFDL-A2 flow time-series). To achieve CASCaDE goals, a new approach to applying CALSIM has been 
developed which may also eventually be employed by DWR, which we could presumably use in SacEFT 
v.2 (and DeltaEFT v.1). At present, the future simulations with CALSIM2 apparently still use the same 
assumptions around level of development (demand) and weights pertaining to water deliveries through 
the Delta even though future population levels will increase, sea level rise and the use of a peripheral 
canal is expected. Existing challenges of disaggregating the monthly flow data to daily at the downstream 
end of the watershed also continue to be a challenge, as far as we know (a challenge we experienced with 
CALSIM-SRWQM in SacEFT v.1). Further discussions with CALSIM/CASCaDE modelers are needed 
to improve our understanding of these technical issues. 
 
There are several details that we require clarifications and input on from modeling specialists familiar 
with USRDOM, in advance of planning SacEFT v.2 analyses in 2009-2010: 

1. Issue: USRDOM model documentation, including details like node definition differences (if any) 
between USRDOM and the CALSIM – SRWQM – HEC5Q modeling complex used in SacEFT 
v.1. 

Action: Jim Weiking or Sean Sou provide USRDOM technical documentation to Ryan Luster at 
TNC (rluster@tnc.org; 530.897.6370 ext. 213); 

2. Issue: What hydrologic conditions triggering restoration actions have already been considered or 
tested in current versions of CALSIM/USRDOM? Specifically, how are these constraints 
formulated? Details on these rules are important so that the SacEFT v.2 modeling team can learn 
how to efficiently suggest refinements and alternatives. 

Action: Ryan Luster to contact Jim Weiking/Sean Sou and determine who is best positioned to 
help document the ecological/restoration rule details that are currently in or potentially going to 
be in CALSIM/USRDOM. For example, what issues were put forward as part of the EIS/EIR 
phases for NODOS, Shasta and the peripheral canal? Likewise, what has been included in drafts 
of the latest OCAP, expected December 15 2008? What environmental rules and/or goals are in 
AFRP legal documents related to the Sacramento River that have already been considered in 
CALSIM/USRDOM? Clearly document how these rules are structured in CALSIM/USRDOM, 
including clarifying how the priorities/weights are assigned? Send responses to Ryan Luster at 
TNC (rluster@tnc.org; 530.897.6370 ext. 213); 

Outcome: ESSA will update the SacEFT database with NODOS-AF2B context data provided by 
Jim Wieking. 

3. Issue: How to best “refresh” CALSIM/USRDOM scenarios used in SacEFT v.2 modeling? What 
scenarios will be available by the end of 2009? 
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Action: Jim Weiking to relay his advice on the feasibility (from DWR’s perspective) of our 
default plan of obtaining a “refresh” on the NODOS-A2FB, Shasta+18.5 and FNA2 daily flows 
from USRDOM proper, as well as capture the flows available from the USRDOM hindcast 
simulation for Oct 1 1964 to Sep 30 2003. Jim to tell us whether we are missing any other 
obvious scenarios receiving widespread consideration. Communicate the feasibility to Ryan 
Luster at TNC (rluster@tnc.org; 530.897.6370 ext. 213); 

4. Issue: Leveraging CASCaDE climate change scenarios in addition to the scenarios identified for 
#3 in USRDOM. 

Action: Jim Weiking to comment on his understanding of the feasibility of leveraging CALSIM/ 
CASCaDE scenarios. Who are our best contacts on this topic? What are the major considerations 
and limitations? Communicate feasibility to Ryan Luster at TNC (rluster@tnc.org; 530.897.6370 
ext. 213); 

5. Issue: Consistency of SacEFT modeled consequences of hydrosystem operations on Cottonwood 
forests with other similar models. 

Action: Jim Weiking to forward (or help put us in contact with the person who could forward) 
model level documentation and any preliminary results for the SRH-1DV and RHEM models to 
Ryan Luster at TNC (rluster@tnc.org; 530.897.6370 ext. 213). ESSA to compare model 
formulations with SacEFT. (No point re-inventing the wheel or using the “wrong tread” for the 
road conditions). 

4.2 CALVIN 

CALVIN (“CALifornia Value Integrated Network”) is an economics-driven engineering optimization 
model that prescribes monthly system operation over a 72-year representative hydrology. When 
implementing ecological flows, CALSIM (and by extension USRDOM) defines specific hydrologic 
conditions that trigger restoration actions. The focus of these modeling efforts is on quantifying the 
effects of operational constraints on water delivery reliability. The CALVIN model is a dynamic 
optimization model that estimates economic consequences of different water operation priority schemes 
and penalty functions. CALSIM’s primary currency is water volumes, CALVIN’s is $. Hence, with 
CALVIN, users could answer the question of how much different packages of ecological constraints cost. 
 
TNC and the SacEFT modeling team will conduct additional evaluations of this model, possibly including 
discussions with Professor Jay Lund, UC Davis on the feasibility of including CALVIN flows scenarios 
in SacEFT v.2 (and/or DeltaEFT v.1). While we have not thoroughly vetted this prospect, at present, the 
major limitation seems to be the model time-step, which is monthly. Daily flows are required for use in 
SacEFT. Environmental water requirements are represented in CALVIN as minimum in-stream flows and 
required wetland water deliveries. These flows must be met before any economically driven allocations of 
water can occur. Another consideration is that we are unclear of the future support and use of CALVIN, 
as it has been suggested that the model’s useful life is nearing its end. However, this may simply mean 
that the tool will be reincarnated in another form. 

4.3 Meander Migration model 

The Meander Migration (MM) model developed by Eric Larsen and colleagues at UC Davis figures 
prominently in generating some of the new performance measures the riparian subgroup was interested in. 
This model also provides opportunities for some standalone geomorphic performance indicators such as 
area reworked and river sinuosity. See sections 2.5, 3.1 and 3.3 for further details. 
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SacEFT flow scenarios must be known and in hand prior to completing these MM model analyses. 

4.4 TUGS 

During the fish subgroup discussions an issue was identified (Sections 2.2.1 and 2.2.3, Issue 10: initial 
mobility of injected gravel) that would require SacEFT to track the year in which gravel was injected, and 
would subsequently need to model the change in relative (or absolute) sensitivity to scouring flows for a 
period of years after injection. This places no additional requirements on TUGS input, but presents a 
fairly challenging addition to the SacEFT database, SQL procedures and Visual Basic code needed to 
implement such a change. 
 
Also, see discussion of FC2 in section 2, and issues related to Figure 2.10. 

4.5 USR-TMS 

When SacEFT v.1 was created there was a known deficiency in the daily disaggregation of temperature 
from monthly CALSIM runs at locations downstream from Red Bluff Diversion Dam. As far as we know, 
this deficiency has not yet been addressed, and remains a serious impediment to modeling salmonid 
temperature effects below RBDD. Because of the way temperature drives egg maturation, this 
shortcoming directly affects all salmonid PMs and is especially problematic for juvenile habitat 
requirements below RBDD, a portion of the river that is thought to be very important for juvenile rearing. 

Action: Don Robinson (ESSA) to further investigate status of USR-TMS modelling below RBDD. 
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5. Higher-level Output Synthesis for Water Managers  

One of the key goals of the October 7th workshop was to ensure the SacEFT model’s outputs remain clear 
and directly relevant to water managers. Having reviewed SacEFT’s summary outputs, water managers 
present at the workshop were asked to respond to the question: “What does the answer have to look like to 
be useable to you?” The discussion included a review of existing summary outputs, how to address multi-
year frequency requirements, and track “neglected” focal species indicators. The feasibility of how best to 
feed back SacEFT results into CALSIM was also briefly discussed. In particular, the workshop discussion 
focused on three topics pertaining to the subject of high-level synthesis: 

1. target and avoidance flows; 

2. “word rules” to extend these target and avoidance flows, ultimately leading to creation of 
“eco-packages” for water planning models; and 

3. application of SacEFT findings in an in-season operational context. 

5.1 Target and avoidance flows: Strengths and weakn esses 

Given SacEFT’s annual traffic light hazard assessment approach (itself a high-level synthesis output), 
selection of hydrographs for “green” (good) & “red” (poor) performing years can be used to yield target 
& avoidance flow ranges (Figure 5.1; Figure 5.2). 
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Fremont Cottonwood: Target flows for Initiation (FC )
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Fremont Cottonwood: Target flows for Initiation (FC )

�

������

������

������

������

������

������

��	
���

��	
���

��	
���

��	
���

��	
���

��	
���

��	
���

�
	
���

��	
���

��	
���

��	
���

��	
���

�
	
���

��	
���

��	
� �

��	
� �

��	
��!

��	
��! ��	
�"

�

��	
�"

�

�
	
�"

#

��	
�"

#

��	
�"

$

��	
�"

$

��	
%

� 

��	
%

� 

��	
%

� 

K
es

w
ic

k;
 R

M
30

1 
Q

 (
cf

s)

����

����

����

����

���


����

��
�

����

����

����

��&'��

��� ��(����(���$(�)��&'��*

 

Figure 5.1. Target flows for Fremont Cottonwood initiation (FC1) derived from historical flows. Top 
graph are flows at Hamilton City, RM199 (where cottonwood habitat is of more concern), 
and the bottom panel are these same flows upstream at Keswick Dam, RM301 (point of 
control).  
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Bank Swallows: Avoidance flows during nesting perio d (BASW2)
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Figure 5.2. Avoidance flows for Bank Swallow nesting success (BASW2) derived from historical flows. 
Using the SacEFT v.1 formulation of this indicator and our initial hazard thresholds, this plot 
shows a series of flow years that had spring flow peaks well beyond the desired threshold. 
This illustrates a direct trade-off with the target flows in Figure 5.1. 

 
Following refinement to SacEFT’s hazard threshold boundaries as described earlier in this document, this 
type of synthesis result can be used to improve focal species conditions on the Sacramento River. This is 
particularly true for performance indicators that result from an overall seasonal water pattern, rather 
than fine time-scale changes (peak floods or sudden stage declines) occurring over only a few days. Our 
work on this concept requires investigation and selection of suitable measure of dispersion, such as the 
25th and 75th percentiles, or an appropriate moving average fit through the individual year hydrographs.  
 
Additional caveats associated with target and avoidance flows are: 

·  not required every single year; 

·  conditions will sometimes benefit one target to detriment of another; 

·  cottonwood recruitment flows needed once every 5 to 10 years; 

·  take advantage of different water years; and 

·  concept tends to obfuscate and ignore mechanics of fine time resolution indicators. 

5.2 Word rule and penalty function “eco-packages” f or water planning models 

Converting and synthesizing SacEFT target and avoidance flows for multiple focal species into water year 
specific criteria is critical to making this tool practical for water managers. Our vision is that this 
information can then readily feed back into other planning tools such as CALSIM as new constraints and 
improved formulations. 
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It was noted however that the target and avoidance flow concept alone is not always sufficient to clearly 
specify this feedback. For Chinook juvenile stranding for example, the concept is out-of-synch with the 
mechanics of the indicator, which operate at a fine temporal resolution (Figure 5.3). 
 

Spring Chinook: Avoidance flows - juvenile strandin g (CH4)
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Figure 5.3: Avoidance flows for juvenile Chinook stranding (CH4). This concept does not work 
universally; it is important to consider the mechanics of the indicator, which are not readily 
communicated using this plot. 

 
In situations such as this, it was pointed out that it is simpler to specify a “word rule”  like “avoid sudden 
stage decline increments that fall below 4,000 cfs during time period x-y” (Figure 5.4). 
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Figure 5.4. Flows associated with “red” (poor) performance for the juvenile Chinook stranding (CH4) 
performance indicator. Such poor performance is largely driven by short-term flow 
reductions rather than seasonal patterns of flows. For this type of indicator, a simple “word 
rule” is superior to use of the target and avoidance flow concept. 

 
Where violation of these word rules occurs, it is useful to consider the biological significance of the 
“offense” in the context of the relative abundance of organism present at the time. In essence, not all word 
rule violations are created equal. Following the example of Chinook juvenile stranding, if a stranding 
violation occurs during the tail end of the juvenile rearing distribution, this event will be less significant 
than were it to occur when the density of rearing juveniles in the Sacramento River is highest (Figure 5.5). 
This leads to the notion of a “penalty function”  that not only tallies the number of offenses, but their 
severity. In practice, this type of information could be used by water managers to understand the varying 
severity of any of these ecological violations. 
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Figure 5.5. Not all ‘ecological violations’ are created equal. For example, if a Chinook stranding 
violation occurs during the beginning or end tails of the juvenile rearing distribution, this 
event will be less significant than were it to occur when the density of rearing juveniles in the 
Sacramento River is highest (here around April 22nd). In this example, avoidance of juvenile 
stranding violations is most prized between the second week of March and the last week of 
June. 

 
The other insight gained from the October 7th 2008 discussion was that because of the length of time 
required to configure and calibrate models like CALSIM, these target flows, word rules and penalty 
functions should be delivered in bulk as an overall “eco-package” rather than piecemeal. 
 
Per the list of issues in section 4.1, we are presently investigating how we can best accomplish assembly 
and transfer of these types of eco-packages to CALSIM. 

5.3 Application of SacEFT findings in an in-season operational context? 

October 7th workshop participants consisted of several individuals familiar with Sacramento River water 
management and a CALSIM modeler. There were no actual row-line in-season water operators in 
attendance. A fundamental question that has not been addressed is whether the end of the line for 
ecological flow guidelines like those emerging from SacEFT is water planning models only or also 
explicit guidelines considered by in-season water operators? (Broader ecological water operation 
guidelines do not necessarily require legally binding targets). Where SacEFT results to be used to help 
inform in-season water operations, who would responsible to track & communicate both the ecological 
targets and the recent history of achieving these targets in the real world? For the guidelines to lead to any 
practical real-world benefits, who in practice would be responsible for tracking what the neglected 
indicators are? 
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At the workshop, the notion of managing an ecological flows “bulletin” was raised, but not discussed in 
any detail, given the audience. We therefore think the following issue warrants further attention: 

1. Issue: What in-season environmental rules/targets/guidelines/focus do the WOMT  (Water 
Operations and Management Team) currently have when making hydro system operation 
decisions in real-time? Do they have any reference documents or training materials on this subject 
that are in widespread routine use? What is the extent of their knowledge of environmental issues 
beyond temperature criteria and X2? 

Action: Jim Weiking to identify a WOMT liaison for TNC and ESSA. TNC or ESSA to pose this 
question directly to this liaison. 

 
In addition to understanding the ecological repertoire of the WOMT, TNC should continue to pursue 
outreach activities such as helping inform priorities in OCAP and track the schedule of and participate in 
EIS/EIR phases related to future hydrosystem operation. 
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6.  Next Steps: Performance Indicator 
Priorities for SacEFT v.2 

As illustrated in this document, there are always numerous possibilities for improving models, and 
discipline is required in focusing on the highest priority items, given their potential to contribute valuable 
additional information to water management decisions. This document defines our project team’s 
understanding of enhancement options arising from peer review of SacEFT v.1, and prioritizes them 
according to effort, feasibility and priority. Based on feedback from preliminary reviews of this document 
received so far (November 2008), some of the suggestions (“issues”) have been tagged with specific 
“outcome” statements about what we plan to do in SacEFT v.2. A number of other suggestions require 
further input and clarifications from experts, additional sensitivity analyses, or data explorations before 
we can make a definitive recommendation on how/whether to proceed. We will work with our TNC 
partners to pursue responses on issues in this document that have not been addressed (January-February 
2009). As shown above, we have made numerous recommendations on what items are technically feasible 
to include in SacEFT v.2.  The next step is to move from what could be done (technically feasible) to 
what can be done within the existing budget (project management). 
 
The project plan and budget for enchantments to SacEFT v.1 (which includes database changes, database 
population, user interface changes, algorithm programming, Excel report changes and test cycles and an 
install pack update) was based on implementing 2-4 additional (new) indicators in SacEFT. Naturally 
therefore, this same budget defines limits on the number of reformulations possible on existing indicators. 
Given the various suggested enhancements in this document, and our total budget for subtask 1.5, 
“Refined SacEFT v2.0 Software and Install Pack” (task 1.5), our team must complete a detailed cost 
estimation exercise for the roster of candidate items in this memo and work with TNC to agree on final 
scope. In general, our approach is to focus on the high priority, low effort suggestions first, subject to 
overall cost-benefit and total budget for this task. It is very unlikely that any of the low-moderate priority, 
high effort tasks will be pursued.  
 
Once this joint costing and filtering exercise is complete, we will then be in a position to begin more 
detailed design described under subtask 1.4 (not the purpose of this memo), and move forward with 
software programming. 
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Appendix A: 
Workshop Invitees  
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