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1. Are the turbidity predictions for water 
year 2002 too low in the south Delta?

2. What approach does the UnTRIM
model use to estimate inflows into 
CCFB and how might that approach 
affect the ratio of Delta Smelt 
entrained between the CVP and 
SWP?

Two Issues
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Fig 5 from 2002 Turbidity Validation Report by Bever & MacWilliams (July, 2016)



Fig 6 from 2002 Turbidity Validation Report by Bever & MacWilliams (July, 2016)



Fig 2 from 2002 Turbidity Validation Report by Bever & MacWilliams (July, 2016)

Relationship between turbidity and SSC at different locations throughout
the Delta based on USGS measurements between 2010 and 2015
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Two-Hourly Salvage Data and Flows during Water Year 2002
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Our assignment was to estimate adult Delta 
Smelt  proportional entrainment losses for water 
years 1981-2016. The steps were:

1. Estimating daily adult entrainment for 2002-2016

2. Estimating monthly adult populations from the 
SKTS data for 2002-2016

3. Estimating (a curve for) natural mortality, a 
reference population (Dec 15), and the adult 
proportional entrainment loss for each water year 
from 2002-2016

4. Estimating adult proportional entrainment losses 
for the pre-SKTS years (1981-2001)



1. Estimating daily adult entrainment for water 
years 2002-2016
• This involves using hydrodynamic and particle-

tracking modeling to derive the “expansion 
factors” (qSWP , qCVP) for estimating daily 
entrainment from the daily salvage data. 

• We are using an alternative modeling approach 
from the full production runs.  This alternative 
approach uses abundance data taken directly 
form the January SKT Survey data as  the initial 
condition for the model and only simulates 
entrainment for one month. 

• So far we have only done water year 2002 using 
this approach.



Dates of SKT surveys 



Period of Salvage Used to Estimate Theta Values 

Sum of SWP salvage = 1,337

Sum of CVP salvage = 564



Dates of SKT surveys 

Date of SKT Survey 1 Date of SKT Survey 2



Dates of SKT surveys 











Initial estimates

Final fitted values



qSWP = 50

qCVP = 35







2. Estimating monthly Delta Smelt populations 
from the SKTS data for 2002-2016

• This was relatively straightforward once Delta 
volumes were computed. Populations were 
estimated monthly during Jan-May by expanding the 
CPUE of Delta Smelt measured by the SKTS.  A
spatially stratified approach was used in which the 
mean CPUE per trawl for 15 or 16 strata (regions) of 
Delta Smelt habitat were expanded by the volume of 
each strata over the surface 4 meters and summed 
to get an index of total abundance (population) for 
each monthly survey.  

• We have so far done no statistical processing to 
account for sampling error and to quantify the 
uncertainty in population estimates from that error.





SKT Summary Population Table for 15 CAMT Regions
(before sampling began in the Sacramento Deep Water Ship Channel)



SKT Summary Population Table for 16 CAMT Regions
(after sampling began in the Sacramento Deep Water Ship Channel)









2004 looks good!



2006, not so good!

In Jan 2006 were Delta 
Smelt simply seaward
of our sampling?

In April 2006, 
83% of the 
population
were in the 
DWSC.



In April 2007, 
86% of the 
population
were in the 
DWSC.
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SKT Unadjusted Delta Smelt Populations by Month
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Enormous Jan catches

Enormous Jan catches

Note: The CPUE for Jan 2011
and Jan 2012 were calculated
from 5-min tows



Fourteen pairs of 5-minute consecutive tows from the SKTS 
at Station 719 in the Sacramento Deep Water Ship Channel 





3. Estimating natural mortality, a reference 
population (Dec 15), and the adult proportional 
entrainment loss for each water year from 2002-
2016

• This was accomplished by fitting a daily 
population model with exponential natural 
mortality to the five monthly population estimates 
for each year of the Spring Kodiak Trawl Survey.

• The model accounts for daily entrainment losses 
estimated from the salvage data and estimates 
the proportional entrainment loss (PEL).

• The fitting was done using the Java Apache 
Commons mathematical library.



The delta smelt population will be modeled by assuming that the population 
declines over time as a function of natural mortality and entrainment.

																																	∆𝑃 = 𝑃% 1 − 𝑒)*∆+ + 	𝐸
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where

𝑃. = Proportional loss for the water year
𝑑 = day
𝐷 = total number of days
𝐸0 = Number of delta smelt entrained on day  𝑑
𝑃0 = Population on day  𝑑
∏ = Mathematical operator for the product of a sequence. 

(Note: The product operator is analogous to the
use of capital letter Sigma, ∑ , used as the
summation symbol)

Equation to Calculate Proportional Entrainment Loss



Number of Adult
Delta Smelt
(Population)

Time

Relationship between the number of adult delta 
smelt alive and time for a population that has a 
constant proportion dying per unit of time

k = natural mortality = constant







𝑘 𝑡 = 	𝑘3 +
𝑘; − 𝑘3

1 + 𝑒)<(+)+>)

where

𝑘3 is the minimum value (lower asymptote) of 𝑘(𝑡)
𝑘; is the maximum value (upper asymptote) of 𝑘(𝑡)
𝑡% = the 𝑡-value of the sigmoid’s midpoint
𝑎 = steepness parameter = 0.05

Logistic Function for Variation of Natural
Mortality in Time



PEL = 0.26827



PEL = 0.38868



PEL = 0.38319



PEL = 0.13257



Individual k-curves for each year, no adjusted populations



Individual k-curves for each year, with populations for Jan 2009, Jan 2011, and Jan 2012 adjusted down



1 of 1 parameter combinations converged.
Lowest RMS = 133045.4 
Parameters of Closest Fit

P0_2002 = 1,271,898
P0_2003 = 1,835,383
P0_2004 = 1,136,154
P0_2005 = 648,815
P0_2006 = 279,054
P0_2007 = 449,575
P0_2008 = 423,501
P0_2009 = 537,558
P0_2010 = 389,073
P0_2011 = 378,360
P0_2012 = 1,261,658
P0_2013 = 376,409
P0_2014 = 307,757
P0_2015 = 160,626
P0_2016 = 34,860

2002 Proportional Entrainment Loss = 0.268
2003 Proportional Entrainment Loss = 0.393
2004 Proportional Entrainment Loss = 0.383
2005 Proportional Entrainment Loss = 0.156
2006 Proportional Entrainment Loss = 0.061
2007 Proportional Entrainment Loss = 0.016
2008 Proportional Entrainment Loss = 0.041
2009 Proportional Entrainment Loss = 0.002
2010 Proportional Entrainment Loss = 0.011
2011 Proportional Entrainment Loss = 0.007
2012 Proportional Entrainment Loss = 0.009
2013 Proportional Entrainment Loss = 0.030
2014 Proportional Entrainment Loss = 0.0
2015 Proportional Entrainment Loss = 0.016
2016 Proportional Entrainment Loss = 0.016

P0s and PELs for model run using a single set of k-values (fit to years 2002-
2007) and with the populations for Jan 2009, Jan 2011, and Jan 2012 
adjusted downward (as the  mean CPUE of the following three months.)

K1 = 0.002,   K2 = 0.173,   midTransK = 130.0 days, Theta(CVP) =35, Theta(SWP)=50



4. Estimating adult proportional entrainment 
losses for the pre-SKTS years (1981-2001)

• Populations for the water years 1981-2001 must 
be estimated differently from those of water 
years 2002 -2016 because no data from the 
SKTS are available. For each of these water 
years, we will estimate a December 15th

population using a regression curve relating the 
estimates we derived for P0 from the SKTS data 
to the previous FMWT index. The population 
model will then be used with an assigned natural 
mortality curve and theta values to estimate the 
PEL using the salvage data.
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The entire population is
entrained by late-February!

Too low!

P0 determined from PolyRatio(1,1) equation

Water Year 1981









PEL during POD

2000 Proportional Entrainment Loss = 0.211
2001 Proportional Entrainment Loss = 0.165
2002 Proportional Entrainment Loss = 0.268
2003 Proportional Entrainment Loss = 0.393
2004 Proportional Entrainment Loss = 0.383
2005 Proportional Entrainment Loss = 0.156
2006 Proportional Entrainment Loss = 0.061





Summary of PELs for Pre-SKT Years



Summary of PELs for SKT Years
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