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UnTRIM Bay-Delta Model
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What is X27
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X2 is defined as the position of
the 2 psu bottom salinity value,
measured along the axis of the
estuary in km from the Golden
Gate



Daily-average Depth-averaged Salinity

Low Salinity Zone (LSZ) Area

Calculated from predicted daily-average depth-averaged
salinity in each grid cell.

Total area of region with salinity between 0.5 and 6 psu for
each day.
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X2 and LSZ Area: 1994 - 1997
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1994 - 1997

X2 and LSZ Area
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X2 and _LSZ
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Low Salinity Zone (LSZ): X2 75

a) Daily-average depth-averaged salinity
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Salinity Habitat Index
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Variation of Fish Habitat and Extent of the Low-Salinity
Zone with Freshwater Flow in the San Francisco Estuary

Wim J. Kimmerer®, Michael L MacWilliams', and Edward S. Gross?

ABSTRACT

We used the UnTRIM San Francisco Ba
hydrodynamic model to examine the spatial distribu-
tion of salinity as a function of freshwater flow

the San Francisco Estuary. Our particular focus was
the covas

ation of flow with the spatial extent of the
low-salinity zone (LSZ: salinity = 0.5 to €), and with
the extent of habitat for common species of nekton
as defined by their salinity ranges. The UnTRIM
model has an unstructured grid which allowed us

to refine earlier estimates of the availability of suit-
le salinity ranges, particularly for species resident
in low salinity. The response of the salinity
flow was influenced by the bathymetry
ary. Area and volume of the LSZ were bimodal with
X2, the distance up the axis of the estuary 1o a near-
bottom salinity of 2, roughly the middle of the LSZ
The smallest area and volume occurred when the
LSZ was in the Delta or Carquinez Strait, moderate
values when it was in Suisun Bay, and the hi
values when it was in broad, shallow San Pablo Bay
Resource selection functions for the distributions

of common nekton species in salinity space were
updated from previous values and used to calculate

of the estu-

hest

salinity-based habitat indices using the UnTRIM
results. These indices generally increased with
decreasing X2 (increasing flow), but the slopes of
these relationships were mostly inconsistent with cor-
responding relationships of abundance to flow. Thus,
although the s: used by most nekton
expands as flow increases, other mechanisms relat-
ing population size to flow are likely more important
than the physical extent of suitable salinity

KEY WORDS

Salinity, habitat, fish, freshwater flow, resource selec-
tion function, delta smelt, longfin smelt, striped bass,
threadfin shad

INTRODUCTION

Salinity is crucial in determining the distributions
of nearly all species that inhabit estuaries. Although

salinity for conductivity) is but one of many a
butes that define hab

, most estuarine specics are
abundant within a limited range of salinity. As this
salinity range moves with freshwater and tidal flows,
attributes of this habitat may change, including its
spatial extent, local bathymetry, exchange processes
and biotic interactions. These changes may, in tum,

alter population dynamics of the species so as o

ary with freshwater flow on
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Outflow Estimates

120000 Figure 1: Water Year 2013 Qutflow Comparison: Dayflow Estimate vs. Observed USGS Stations
(Dutch Slough, Sacramento River, San Joaquin River, and Threemile Slough)
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How is X2 Estimated?
1) Direct Observations (USGS Cruises)

2) Using Flow-X2 Auto-Regressive Relationships

3) From Observed Surface Salinity (CX2)

4) Using Hydrodynamic Models



How is X2 Estimated?

2) Using Flow-X2 Auto-Regressive Relationships®

e Jassby et al. (1995):
— X2(t)= 8 + 0.945*X2(t-1) — 1.5log(QOUT(t))
e Jassby et al. (1995) as cited by Monismith et al. (2002):
— X2(t)= 10.2 + 0.945*X2(t-1) — 2.3log(QOUT(t))
e Monismith et al. (2002):
— X2(t)= 0.919*X2(t-1) + 13.57(QOUT(t)0-141)
e Gross et al. (2010):
— X2(t)= 0.910*X2(t-1) + 18.90(QOUT(t)0-182)
e MacWilliams et al. (in review):
— X2(t)= a*X2(t-1) + (1- a)*B*(QOUT(t)°23%) (flow-dependent a)

e DAYFLOW:

— X2(t)= 10.16 + 0.945*X2(t-1) — 1.487log(QOUT(t))

e Jassby et al. (1995) and Monismith et al. (2002) assumed that the bed
salinity was 2.0 psu when the surface salinity was equal to 1.76 psu (3.36
mmhos/cm)

— Assumes 0.24 psu stratification

*As summarized by: Anke Mueller-Solger (2012)



Comparison of X2 Estimates from
Auto-regressive Equations
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How is X2 Estimated?
3) Using Observed Surface Salinity (CX2)

e Operationally X2 (CX2) is calculated from observed surface EC at
Martinez, Port Chicago, Mallard Island and Collinsville using the
equation (Applies only for 56<X2<81):

2.64—-wEC

X2 =wkm + (whkm — ekm)
wEC —eEC

— WEC is the daily-average EC in mmhos/cm of the westerly station
— eECis the daily-average EC in mmhos/cm of the easterly station
— wkm is the km from the Golden Gate of the westerly station

— ekm is the km from the Golden Gate of the easterly station

e Assumes bed salinity is 2 psu (3.80 mmhos/cm) when surface EC is
2.64 mmhos/cm (1.36 psu).

— Assumes 0.64 psu stratification

From: http://cdec.water.ca.gov/cgi-progs/stationinfo?station_id=CX2



Surface Salinity vs. Bed Salinity

Evaluation of Jassby et al. (1995): Evaluation of CX2:
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X2 and LSZ Area: 1990 - 2011
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LSZ Area [acres]

LSZ Area vs. X2
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% of Days Sep - Nov

Fall LSZ Area: 1990-2010
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Conclusions

e Relationship between X2 and the physical size of the Low Salinity
Zone (LSZ) is not monotonic (MacWilliams et al., in review).

 Many fish habitat indices based on salinity are inversely related to X2
but are generally monotonic (Kimmerer et al., 2013).

e Regulations based on either outflow or X2 should incorporate the
best available science for estimating or measuring these variables.

— Dayflow tends to significantly overestimate outflow during low outflow periods.
— Outflow observations subject to data gaps and periods of negative outflow.

— X2 estimates based on surface EC (CX2) make use of unrealistic assumptions
about the amount of stratification which significantly affect the accuracy of
these X2 estimates.

— Several recent improvements to auto-regressive equations to estimate X2 (e.g.,
Gross et al., 2010; MacWilliams et al.,, in review), but these models still do not
take into account spring-neap effects and require accurate outflow estimates.

e Outflow management should take into account potential longer-term
outcomes.
— Long-term trends show a decrease in Fall LSZ area.
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