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Executive Summary

The difference in survival from the Head of Old River to Chipps Island expected from installing
the Head of Old River Barrier (HORB) was estimated for various levels of Delta inflow at Vernalis. A
preliminary generalized linear multinomial regression model was used to predict survival to Chipps
Island as a function of inflow, migration route, and barrier status (installed vs uninstalled) using acoustic-
telemetry data from the 6-Year Steelhead Survival Study (2011-2016). Predicted survival and the
expected change in survival due to the barrier were estimated using fixed year effects for the years with
Delta inflow <5,000 cfs (2012—-2016), and then combined over years in a weighted average using weights
equal to the proportion of observations from each year used in the regression model. The 95%
confidence interval was estimated using the F-distribution and the estimate of total variance on the

weighted average of year-specific barrier effects.

When the Head of Old River barrier is installed, the probability of total predicted survival from
the Head of Old River to Chipps Island was estimated to range from 0.30 (E’E =0.20) for a VNS flow of
319 cfs, to 0.67 (E’E =0.20) for a VNS flow of 5,000 cfs (Figure 1). When the barrier was not installed,

the estimated predicted survival ranged from 0.17 (@E =0.13; VNS = 319 cfs) to 0.50 (@E =0.24; VNS =

5,000 cfs) (Figure 1). The predicted difference in survival attributable to the barrier was estimated to



range from 0.13 (E’E =0.08) for a VNS flow of 319 cfs to 0.19 (@E = 0.08) for a VNS flow of 3,889 cfs

(Figure 2). There was high uncertainty in the predicted survival estimates, both with and without the

barrier, and moderate uncertainty about the predicted effect of the barrier on survival, indicated by the

confidence bands shown in Figure 2 and Figure 3. Nevertheless, the predicted survival effect of the

barrier (point estimate) was estimated to be positive for all values of Delta inflow, and for most values of

inflow (i.e., 2783 cfs), the confidence band excluded 0 and negative survival differences.
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Figure 1. Predicted probability of survival from the head of Old River to Chipps Island with vs without the Head of Old River

Barrier, as a function of Delta inflow at Vernalis (VNS), combined over 2012-2016. The shaded area is the 95% confidence band.
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Figure 2. Predicted difference in survival from the head of Old River to Chipps Island with vs without the Head of Old River
Barrier, as a function of Delta inflow at Vernalis (VNS), combined over 2012—2016. The solid black line is the predicted survival
difference, the dashed red line indicates no difference in the survival, and the shaded area is the 95% confidence band.

It is important to note that the predicted survival benefit of the barrier is based on the observed
data from 2011-2016, and on a preliminary regression model of survival as a function of Delta inflow
that uses year effects. The variability in the year effects (primarily intercept) and the limited data
available in any one year contribute to uncertainty about the predictions. Only the scale of year effects
actually estimated from the available data were considered; a new year may have a different year
effect, leading to different survival levels with and without the barrier. Additionally, a different
weighting of the year-specific estimates would result in different survival predictions. Likewise, the
estimates are based on assumed values of the route selection probability for the San Joaquin River route
at the Head of Old River based on the barrier status (0.95 with the barrier, and 0.28 without the barrier),

and do not account for uncertainty in the route selection probability estimates.



Introduction

The expected benefit in survival from the Head of Old River to Chipps Island from installing the
barrier at the Head of Old River (HORB) was modeled as a function of Delta inflow at Vernalis using
acoustic-telemetry data from the 6-Year Steelhead Survival Study (Buchanan 2018a,b,c, USBR
2018a,b,c). Estimates were based on a preliminary generalized linear multinomial regression model that
used fixed year and route effects. The expected survival with and without the barrier and the expected
change in survival due to the barrier were estimated using the year effects for the years with Delta
inflow < 5,000 cfs (2012-2016), and then combined over years in a weighted average using weights
equal to the proportion of observations from each year used in the regression model. Total survival to
Chipps Island was estimated using a constant route selection probability based on barrier condition,
estimated from the 6-Year Study data. For each estimate, the 95% confidence interval was estimated
using the F-distribution and the estimate of total variance on the weighted average of year-specific

barrier effects.

Methods

Denote total survival from the Head of Old River to Chipps Island as follows:

S, = total survival from the Head of Old River to Chipps Island without the barrier, and

S, =total survival from the Head of Old River to Chipps Island with the barrier.

Also define the survival difference attributable to the installation of the barrier as:
5 = S2 Sl_'

For each barrier condition, total survival was modeled as a weighted average of route-specific survival

probabilities for the two primary migration routes: A = San Joaquin River route, and B = Old River route:

Sy =ViSh (1 +l//h9ShB ,

where i/, is the probability of selecting route A for barrier status 7, h=1,2.

Sz S
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and S

L5, and consequently S, S,,and J,

Estimates of the predicted levels of S

were derived for various levels of Delta inflow at Vernalis, based on analysis of six years of steelhead

acoustic-telemetry data from the 6-Year Survival Study (Buchanan 2018a,b,c, USBR 2018a,b,c). The



survival probabilities S, ,, S,;, S, ,, and S,, were modeled using a generalized linear regression model

using multinomial errors, a logit link, and fixed effects of study year, barrier, route effects, and Delta

inflow at Vernalis (x), using data from 2011-2016 from the 6-Year Study. Because the regression model

Sips S

included year effects, predictions of S, ,, S;,S,,,

and §,, were estimated first for given year-specific

models, defined by the unique intercept and slope parameters for the given year. The route-specific

survival probability predictions were then combined across migration routes for a given barrier status,
using fixed common route selection probabilities based on barrier status (i.e., ¥/, ), estimated from

all steelhead detections at the Head of Old River in 2012—2016 (0.95 when the barrier was installed, and

0.28 when the barrier was not installed). The resulting predictions of total survival to Chipps Island for a

given barrier status (.S, and S, ) were then compared to yield a prediction of the survival difference

attributable to the barrier, 0 . These year-specific estimates were then combined in weighted averages
over years, with weights defined as the proportion of observations used in the regression that came
from a given year. Confidence interval were defined using the law of total variance, prediction of a new

observation from a regression model, and the F distribution with 21 and 1,494 degrees of freedom.
Using the fitted regression model, the expected survival probability with and without the barrier

and expected difference in survival attributable to the barrier are E(§1 ) , E(S’z), and

E(S) =E(§z 31), where

~

S1 =modeled survival from the Head of Old River to Chipps Island without the barrier, and

§2 = modeled survival from the Head of Old River to Chipps Island with the barrier.

In particular, for Vernalis inflow value x,, year y, and route r (r = A, B, for A = San Joaquin River

route and B = Old River Route), define

~ exp(ﬂ0+fy + Bx, +ﬂyxl.)

lyid =
l+exp(ﬂ0 +7,+fBx, + yxl.)

~ exp(ﬂ0+rv+y+[31xi+ Vx,.)
1yiB = - -
3 1+exp(ﬂ0+ry+7/+,b’1xi+ﬂyxl.)




~ exp(ﬂ0+ry+u3+ﬂ1xi+ yxl.)
2yid = ’
3 1+exp(ﬂ0+ry+y3+ﬂ1xl.+,6'yxi)

and

~ exp(ﬂ0+ry+}/+,u3+¢+ﬂ1xl.+ yxl.)
2yiB = ’
) 1+exp(ﬂ0+ry+7/+,u8+¢+ﬂ1xl.+ yxi)

where

B, = baseline intercept for 2011

7, =adjustment to intercept for year y = 2012,...,2016

¥ =adjustment to intercept for the Old River route (route B)

M, = adjustment to the intercept for the Head of Old River barrier

@ = interaction effect on intercept between route effect and barrier effect (i.e., for Old River

route when the barrier is present)

p, = baseline regression coefficient for Delta inflow at Vernalis

,By = adjustment to coefficient for Delta inflow at Vernalis for year y =2012,...,2016.

The estimated mean route-specific survival for parameter estimates %0: %y,;A/, /@39&%19%y is denoted
§2yir with the barrier, and §1yir without the barrier (r = A,B) . The predicted total survival to Chipps
Island is §1yi = l//1§1yiA (1 1//1)§1yi3 without the barrier, and §2yi = l//2§2yiA (1 W2)§2yi8 with the
barrier. The predicted expected change in survival due to the barrier is then 3 = §2yi §1y1‘.

For a given year-specific model

The regression model uses year effects, which essentially define year-specific models via the

combination of the baseline intercept for 2011 (ﬂo ) and the year-specific adjustments for 2012 through

2016 (7, for year y ), and the baseline slope associated with Delta inflow for 2011 (f,) and the year-



specific adjustments to the slope for 2012 through 2016 (,By for year y ). For a selected year y from

2012-2016, the expected predictions of survival with and without the barrier, and the expected

predicted difference in survival with and without the barrier, are functions of the year effect, route

selection probabilities y = (l//l ,t//z), Delta inflow, and the estimates of parameters @ =

(Boto7o 1. B B, )

E(ghyi

yal/!’xﬂ‘?):E[gsh (@’l/{) ya‘/!’xﬂ‘?:|

and

E(3|y,xi,g)=5(§zﬂ §1yi

y,lg%x,»,é’) E[g(s(@,sg)

ya‘/{’xﬂ‘?]

for functions g (for h=1,2)and g, =g, g~

Using the Delta Method (Seber 2002),

E(gh

yal/faxng) =8s, (@al/f) b,

and

where

1 azgsh A A 1 aZg A~ A
by, ,; zzi[aejaek ]COV(gjaek) and by, zzf[aejagek Cov(@,-,&k),

Jok Jok

for 0= ﬂo,fy,% ﬂg,¢aﬂ1’ﬁy and 2 =1,2. The necessary partial derivatives are defined in the

Appendix.

Conditional on year y, route selection probability i/, , and the value of Delta inflow ( x; ), the

prediction error about the survival estimate for barrier status 4 =1,2, Sh — S84, has two sources of

variance: (1) variance due to estimation error of the regression coefficients, and (2) variance of the



sampling distribution of S, about its mean. Component (1) is estimated using the Delta Method and

2
the estimated overdispersion parameter for the regression model (Q‘ = mean error deviance):

@'@h = Ear(@h

2 ags, |( 985 . 3
s 9x‘30)zg- . — @OV 0,0
yl//h i’% Zk(aej[ae A ( J k)
Js J k 9=0
2
for @ = ﬁo,fy,%ﬂg,¢,,31,ﬂy and 2=1,2. The mean error deviance for the selected model is o =
4.92.

Component (2) of the year-specific variance is estimated from applying the Delta Method to the

multinomial data counts that yield the survival estimate, with and without the barrier. In particular,

define n,,n,,,n, to be the counts of the possible detection histories at the two telemetry lines at

Chipps Island (dual array), or collectively at Chipps Island and Benicia Bridge, where “1” = detection and

“0” = no detection, and define F, and P, to be either the conditional detection probabilities at the two
telemetry lines at Chipps Island; if Benicia Bridge was monitored, then B = conditional detection
probability at Chipps Island and P, = joint probability of surviving from Chipps Island to Benicia Bridge

and detection at Benicia Bridge. In each case, £} and P, are conditional on survival to Chipps Island.

Then,

VaV(Sh|§h,y,l//h,xi,Q)=VaV(Sh|§h,y,l//h,Xi,@): s o

where Géhyiﬂ is estimated by Delta Method according to:

g-ihiyﬁ 22(63}1 Jlath@ov(nj,nJSh,R,Pz)

Tx\ on, |\ oOn,

o (n”+n]0)h(n”+n01)

for n,, n, in (n”h,nmh,nmh), Sh = Nin “ ,and h=1,2. The partial derivatives and
11,

covariance factors in the above equation were estimated using the predicted survival probability from
the regression model, annual observed estimates of detection probabilities ( /; and £, ), and the total

number of observations available for Delta inflow <5,000 cfs.



Thus,

ﬂar(Sh ~Sh

2
s l//h: Xi Q}: g-Shy"‘g ﬂgh :
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Combined across year-specific models

The estimate of the survival effect of the barrier depends on two steps: select the year that is
used in the year-specific model, and estimate the survival and barrier effect predictions for that year. A
multiyear estimate of survival and the survival effect of the barrier must combine the year-specific

estimates defined above by accounting for the contributions of these two steps.

The predicted survival estimated for a given barrier status (4), route selection probability v/, ,

and Delta inflow level x; is defined based on the following decomposition:

E(S*h E, {ER (§h VW, X, Qﬂ

nyER (gh yﬂWh’xz"Q)
y
29),,@,{3,

y

x,»,%,t?)

Q

yﬁl//h7xi’g)

for year-specific weights fy , Where R represents the regression model, and Y represents the year. The

weights fy were defined by the overall proportion of observations in the inflow range <5,000 cfs that

came fromyear y:

9 _ Number of observations of Inflow <5000 cfs from year y
g Total number of observations of Inflow < 5000 cfs



The variance for S is derived using the law of total variance and is decomposed over the year selection

process and the regression model as follows:

Var(gh xi’l//h’g):EY |:VarR (gh yJWh’xi’Q):|+VarY|:ER (3’;, y’l//h"xi’e):|
where
b rr(3lowan)] - Zrrafs-Slpman)
v
~ Zf;’ (Géhyie + Vg’h )

y

and

Vary|:ER (Sh yﬂl//h’xiﬁg)} = EYU:ER (Sh y’Wh’xi9Q)i| ]_(EY [ER (Sh y"//haxngj})

2

2 ~
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¥

Zf} |:ER (:S\'h
y
The total variance of gh is estimated by
2
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y

2 N 2 A N 2
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y

y

E(S

Likewise, the estimated survival effect of the barrier is estimated as
%(5‘xi7(/!7€)229y (Sz)’f Slyi b(?yi)
y

and the variance of O is estimated by:
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Results
When the Head of Old River barrier is installed, the probability of total predicted survival from
the Head of Old River to Chipps Island was estimated to range from 0.30 (E’E =0.20) for a VNS flow of
319 cfs, to 0.67 (E’E =0.20) for a VNS flow of 5,000 cfs (Figure 2, Table Al). When the barrier was not

installed, the estimated predicted survival ranged from 0.17 (E’E =0.13; VNS =319 cfs) to 0.50 (E’E =
0.24; VNS = 5,000 cfs) (Figure 2, Table Al). The predicted difference in survival attributable to the

barrier was estimated to range from 0.13 (@E =0.08) for a VNS flow of 319 cfs to 0.19 (@E =0.08) for a

VNS flow of 3,889 cfs (Figure 3, Table Al). There was high uncertainty in the predicted survival

estimates, both with and without the barrier, and moderate uncertainty about the predicted effect of

the barrier on survival, indicated by the confidence bands shown in Figure 2 and Figure 3. Nevertheless,

the predicted survival effect of the barrier (point estimate) was estimated to be positive for all values of

Delta inflow, and for most values of inflow (i.e., 2783 cfs), the confidence band excluded 0 and negative

survival differences (Figure 3).
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Figure 3. Predicted probability of survival from the head of Old River to Chipps Island with vs without the Head of Old River

Barrier, as a function of Delta inflow at Vernalis (VNS)

combined over 2012-2016. The shaded area is the 95% confidence band.
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Figure 4. Predicted difference in survival from the head of Old River to Chipps Island with vs without the Head of Old River
Barrier, as a function of Delta inflow at Vernalis (VNS), combined over 2012—2016. The solid black line is the predicted survival
difference, the dashed red line indicates no difference in the survival, and the shaded area is the 95% confidence band.

Discussion

There are some limitations of the predictions provided here, based on the underlying survival
model. The predicted survival benefit of the barrier is based on the observed data from 2011-2016, and
is based on a preliminary regression model of survival as a function of Delta inflow that uses year
effects. The wide variability in the year effects (primarily intercept) and the limited data available in any
one year contribute to the wide uncertainty about the predictions. Only the scale of year effects
actually estimated from the available data were considered; a new year may have a very different year
effect, leading to different survival levels with and without the barrier. Additionally, a different

weighting of the year-specific estimates would result in different survival predictions.

The estimates of total survival and the survival benefit of the barrier are also based on assumed

values of the route selection probability at the Head of Old River based on the barrier status, and do not

13



account for uncertainty in the route selection probability estimates. The assumed route selection
probabilities (0.95 with the barrier, and 0.28 without the barrier) were based on the overall frequency of
route use among the five years of the 6-Year Study when Delta inflow was <5,000 cfs (2012-2016). The
prediction results are at least moderately sensitive to the route selection probability assumed, and the
predicted benefit of installing the barrier can be higher or lower, depending on how effective the barrier
is assumed to be at guiding fish away from Old River. In general, the lower the assumed barrier
effectiveness, the smaller the predicted survival benefit of installing the barrier. When the barrier is
assumed to be 100% effective at keeping fish out of Old River, the predicted total survival change due to
the barrier was as high as 0.20; the difference between this estimate and the maximum estimate
without the route effect (0.19) was well within the 95% confidence band. A more complete analysis is

needed to model the route selection probability as a function of Delta inflow and barrier status.
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Appendix

Partial Derivatives for Delta Method

The necessary first order partial derivatives are as follows, for year y =2012,...,2016 and Delta inflow

value x, :
80} XiglyiA (1_§IJ’iA) for 9/' =ﬂ1’ﬂy
aS]yiB ~ SlyiB (I_SlyiB) fOI' ej :ﬂooryaj/
5‘9/ xiglyiB (l—glyiB) for ‘9j :ﬂI’IBy
aSZy,'A SZyiA (I_SZyiA) for 0] = ﬂo:rynuB
00, xi§2yiA (1_§2yiA) for 6, = 3,5,
552yi3 ~ Szyig (1_S2yiB) fOI' ej =ﬂo,Ty,7/aﬂB’¢
agj Xin§2yiB (1—§2yi3) for 9] =ﬂl’ﬂy
s, =% 05,4 (1 W )aShB for h=1,2
8(9j ! ae] ! agj ,
and

0 oS oS oS oS
%8s cy, 22 (1 )22y U (1 )2 for 0= f,,7,.7 o B B, -

2 1
26, a0, 00, "' a0, 29,

The necessary second order partial derivatives are:

SlyiA (l—glyiA)(l_zglyiA) for 6j70k :ﬂoary
825‘lyiA
26,06,

xl-z:s:lyiA (1—§1ym)(1—2§1ym) for ej,ek :ﬂl,ﬁy

= xig'um(l L§1yiA)(l 2§1ym) for 6, B,,7,and 6, f,$, and vice versa
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glyiB (1—§1y53)(1—2§1yi3)
0’S

lyiB

59j89k_ x,':S:lny(l :9\1)71'3)(1 2—,§1},,»B)

xl-2§1yiB (1—§1yi3)(1—2§1y53)

for 0,,0, = B,.7,,¥

for 6, B,,7,.yand 6, f,$, and vice versa
for 0,,6, = 5.5,

§2yiA (1—§2yiA)(1—2§2yiA)
0’S

2yiA

agjaek = xi§2yiA(1 §7yiA)(1 2T§2yiA)

xi2§2yiA (1—§2yiA)(1—2§2yiA>

for 0,,0, = B,.7,, 1y

for 6, B,.7,.1, and 6, [,$, and vice versa
for 0,,0, =B, B,

Sayin (1= S )(1- 285,
 [Baafi-Saa)(-2500
oS

2yiB

0000,

for Qj,ek :ﬁ037y777ﬂ87¢

xi§2yiB (1 »§2yiB)(1 2—3‘2%) for 0, B,.7,.7, 1. ¢ and 6, = 3, B, and vice versa
xfg’zyig (1—§2y,-3)(1—2§2y,~3) for 0}.,0,{ :ﬂljﬁy

’gg %S, o’S
_ Ly, b2 for h=1,2
2000, 2000 " Vo000 ™

and

azgé' _ azgsz 82gsl
00,00, 0006, 00,00,
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Tabular Results

Table A1. Predicted survival from the Head of Old River to Chipps Island when the Head of Old River barrier is not installed (S1) and when it is installed ( S2 ), and the difference

in survival with vs without the barrier (5 =S Sz—), as a function of Delta inflow at Vernalis, and 95% confidence band limits. Values of & > 0 indicate higher survival to

Chipps Island in the presence of the barrier.

VNS (cfs) S (§E) C1(§1) S, (@E) c1(§2) S(@E) CI(S)
319 0.17(0.13) (-0.07, -0.07) 0.30 (0.20) (-0.05, -0.05) 0.13 (0.08) (-0.01, -0.01)
549 | 0.18(0.13) (-0.06, -0.06) 0.31(0.19) (-0.03, -0.03) 0.13 (0.07) (0.00, 0.00)
783 0.19 (0.13) (-0.05, -0.05) 0.33(0.19) (0.00, 0.00) 0.14 (0.07) (0.01, 0.01)

1,017 | 0.20(0.13) (-0.04, -0.04) 0.34 (0.18) (0.02, 0.02) 0.14 (0.07) (0.02, 0.02)
1,251 | 0.21(0.14) (-0.03, -0.03) 0.36 (0.18) (0.04, 0.04) 0.14 (0.07) (0.02, 0.02)
1,486 | 0.22(0.14) (-0.03, -0.03) 0.37(0.18) (0.06, 0.06) 0.15 (0.07) (0.03, 0.03)
1,720 0.24(0.15) (-0.03, -0.03) 0.39 (0.18) (0.08, 0.08) 0.16 (0.07) (0.04, 0.04)
1,954 | 0.25(0.16) (-0.03, -0.03) 0.41(0.18) (0.10, 0.10) 0.16 (0.06) (0.05, 0.05)
2,189 0.26 (0.17) (-0.03, -0.03) 0.43 (0.18) (0.12, 0.12) 0.17 (0.06) (0.05, 0.05)
2,423 | 0.28(0.18) (-0.03, -0.03) 0.45 (0.18) (0.14, 0.14) 0.17 (0.07) (0.06, 0.06)
2,657 | 0.30(0.18) (-0.03, -0.03) 0.47 (0.18) (0.16, 0.16) 0.18 (0.07) (0.05, 0.05)
2,891| 0.31(0.19) (-0.02, -0.02) 0.50 (0.18) (0.18, 0.18) 0.18 (0.07) (0.05, 0.05)
3,126 0.33 (0.20) (-0.02, -0.02) 0.52(0.18) (0.21, 0.21) 0.19 (0.08) (0.05, 0.05)
3,360 |  0.35(0.20) (-0.01, -0.01) 0.54 (0.18) (0.23, 0.23) 0.19 (0.08) (0.05, 0.05)
3,594 | 0.37(0.21) (0.00, 0.00) 0.56 (0.18) (0.24, 0.24) 0.19 (0.08) (0.05, 0.05)
3,829 | 0.39(0.21) (0.02, 0.02) 0.58 (0.18) (0.26, 0.26) 0.19 (0.08) (0.05, 0.05)
4,063 | 0.41(0.22) (0.03, 0.03) 0.60 (0.18) (0.28, 0.28) 0.19 (0.08) (0.04, 0.04)
4297 | 0.43(0.22) (0.04, 0.04) 0.62 (0.19) (0.29, 0.29) 0.19 (0.08) (0.04, 0.04)
4,531 0.45 (0.23) (0.05, 0.05) 0.64 (0.19) (0.30, 0.30) 0.19 (0.08) (0.04, 0.04)
4,766 | 0.47(0.23) (0.06, 0.06) 0.66 (0.19) (0.31, 0.31) 0.19 (0.08) (0.04, 0.04)
5,000 0.49 (0.24) (0.06, 0.06) 0.67 (0.20) (0.33, 0.33) 0.18 (0.09) (0.03, 0.03)
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