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Executive Summary
Land subsidence in and around Humboldt Bay, California contributes to sea-level rise up to 2-3 times greater
than anywhere else in California. Sea-level observations and highway level surveys confirm that land is subsiding in Humboldt Bay, in contrast to Crescent City where the land is rising. Rates of sea-level rise are 5.84 mm/
yr in South Humboldt Bay (Hookton Slough), 3.76 mm/yr at Fields Landing, 4.61 mm/yr at the North Spit, 2.53
mm/yr at Samoa, and 3.39 mm/yr in Arcata Bay (Mad River Slough). Rates of land subsidence are -3.56 mm/yr
in South Humboldt Bay (Hookton Slough), -1.48 mm/yr at Fields Landing, -2.33 mm/yr at the North Spit, -0.25
mm/yr at Samoa, and -1.11 mm/yr in Arcata Bay (Mad River Slough).

Introduction
We submit this report to the US Fish & Wildlife Coastal Program Coordinator as a semi-annual report for award
F11AC01092 “Tectonic Land Level Changes and their Contribution to Sea Level Rise, Humboldt Bay Region,
Northern California.”
Milestones achieved during 2015-2016 include the reanalysis of acquired historic tide gage data at Trinidad
using a bay circulation model. We compiled the latest GPS observations from the USGS. We installed the stilling
basin for the tide gage in Trinidad. We are currently collecting additional tide gage data at Mad River Slough.
We have a draft of our paper that is almost ready to submit.
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In the coming month, we will be modeling regional tectonic deformation to fit the sea-level and land-level observations and prepare the results for a second peer review journal. We will install the tide gage at the Trinidad
Dock (Fig. 1 A) and have the data posted in real time using the CENCOOS website. We will host an onsite visit
to the Trinidad and Hookton Slough tide gage locations and prepare an online webinar to distribute our results
to date. The webinar will be posted on our website and the video file will be available to the USFWS for distri>
!
>
!
bution. We will finalize the paper draft and submit to Geophysical Journal International. We will also finalize
the data products and post them online.
After the contract is complete, we will be
> installing a tide gage at the Chevron Dock (Fig. 1 B) where we have al!
ready installed a stilling basin. We will also be working with Eric Nelson at the Humboldt Bay National Wildlife
refuge to install a semi-permanent continuous tide gage at the Hookton Slough location.
>
!

Trinidad Tide Gage
We have installed the stilling basin and will be installing the tide gage during the month of August. The Stilling
basin design is based upon the existing CENCOOS design (Fig. 2). We used 1” wide stainless steel strapping to
connect the stilling basin to the existing 12” diameter ABS plastic piling (Fig. 3). The stilling basin is composed
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Figure
1. Tide gage site maps. A. Trinidad tide gage location. B. Chevron Dock tide gage location.
>!
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Figure 2. Stilling basin design from Kyle Weiss. There is a 4” diameter flexible plastic pipe
that is attached to the ABS piling. There are 7 stainless steel brackets connecting these two
pipes. The actual as-built design is slightly different.
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of Kanaflex 4 inch diameter plastic tubing. The YSI tide gage will hang on a stainless steel wire within the stilling
basin. There are two 5/8” diameter bolts near the base of the basin that the gage will rest upon (Fig. 4). We
drilled several ¾” holes at the elevation of the gage so that the water will be able to circulate within the basin.
This will keep the salinity measurements more accurate.
We conducted a first order level survey on Monday August 1, 2016 (Fig. 5). We used a Trimble NiMi digital level
with 0.3 mm vertical precision (Fig. 6). Our survey loop brought vertical elevation control from the National
Ocean Service tidal benchmarks 9059 L and 9059 M to several bolts that are attached to the pier. We conducted a second survey between these bolts and the two stilling basins (CENCOOS and HBV). The closure errors for
these two surveys are 0.00047 and 0.00000 mm respectively.

Mad River Slough
Jeff Anderson and staff from Northern Hydrology and Engineering is currently operating a tide gage at the Mad
River Slough Highway 255 bridge. The stilling basin is attached to the northernmost piling on the east side of
the active channel (Fig. 7).

Figure 3. Stilling basin being attached to the black piling.
The existing CENCOSS tide gage is on the north side of
the piling and the new HBV stilling basin is attached to
the south side of the piling.

Figure 4. Stilling basin with stainless steel straps attached. The base of the basin is closest to the photographer. Note the two 5/8” bolts just above the lowest
strap.
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Trinidad Tide Gage Level Survey Sketch Map
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Figure 5. Map showing benchmark (orange circles), turning point (yellow circles), and instrument locations (green triangles). The two tide gage locations are marked as light blue triangles. The inset map
shows large scale locations of bolts that are surveyed and can provide elevation control for future
surveys. The inset map location is marked approximately by the orange polygon. The shed contains the
electrical and communications infrastructure for real-time connectivity for the tide gage data.
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We conducted a first order level survey on Monday
August 1, 2016. We used a Trimble NiMi digital level with 0.3 mm vertical precision. Our survey loop
brought vertical elevation control from the NOAA
Mad River Slough benchmark J735 1944, reset in
1970 by the NWPRR. The benchmark is in a concrete wall on the southern side of the western end
of the Railroad bridge that crosses the Mad River
Slough (Fig. 8). The closure errors range from 0.1
to 0.35 mm.

Figure 6. Photo of digital level and student volunteers.

Mad River Slough Tide Gage
Local ElevaƟon Control

Gage LocaƟon
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Figure 7. Photos from the Mad River Slough as it passes beneath highway 255 and a railroad bridge. The upper
panel shows the location of the piling of the HWY 255 bridge that has the stilling basin attached. The location
of a metal pipe used for local elevation control is also marked with an orange rectangle. The lower panel photo
was taken from the western side of the bridge abutments. The location of the benchmark used for elevation
control is marked by an orange rectangle.
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Rod People: Brian Draeger, Tom Leroy

255 To Eureka
NOAA Benchmark

AcƟve Channel
(approx.)

Tide Gage

Turning Point
Instrument LocaƟon
North
(approx.)

255 To Arcata

RXR Bridge

Not To Scale

Figure 8. Sketch of the Mad River Slough tide gage survey. Locations are approximate. Turning point,
instrument, and benchmark locations are designated and labeled. The active channel is the approximate
extent of the flooded surface at the low tide of -1’ as observed during the survey on 2016/08/01.
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GPS Data
We acquired the latest GPS data from the USGS to include in our data product summary. We will be combining all data sources into several GIS data products. These GPS data will be used to constrain the locking on the
subduction zone. Later we will be modeling the tectonic deformation based upon these locking estimates. This
tectonic modeling will predict the tectonic deformation between our observation sites and we will estimate
the misfit between our model prediction and the observation data (benchmark level and tide gage data). GPS
positions are shown for Trinidad (TRND) and Crescent City (PTSG) in Figure 9.
A

B

Figure 9. USGS published GPS observations relative to the International Terrestrial Reference Frame (ITRF2008) a 2008
derived datum for the International Terrestrial Reference System (ITRS). The ITRF is a reference system used by geodesists that assumes no tectonic motions from plate tectonics. More can be found here https://www.iers.org/IERS/EN/
Science/ITRS/ITRS.html .

Paper Submission
We are still editing the draft paper that summarizes our initial findings. This paper will be submitted to Geophysical Journal International.

Tide Gage Summary
We here present a summary of our sea level observations made at tide gage locations in northern California
(Table 1).
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Table 1. Draft Humboldt Bay Vertical Land Motion Estimates
SLR§ and VLM* Rates (mm/yr)
Tide Station (TS)

Note

Datum

ReSLR #

RSLR †

Crescent City (CC)

Long Term Tide Station with Mean
Monthly Seasonal Cycle Removed

STND

2.28

‐0.97

North Spit (NS)

Reference Humboldt Bay Tide Station with
Mean Monthly Seasonal Cycle Removed

STND

2.28

4.61

5.58

‐2.33

Mad River Slough (MRS) North Station
data (5 months complete data)

Minor Tide Station

STND

2.28

3.53

4.50

‐1.25

Mad River Slough (MRS) South Station
data (2 months complete data)

Minor Tide Station

STND

2.28

3.39

4.36

‐1.11

Mad River Slough (MRS) South Station
with estimated data from North
Station relation (5 months complete
data)

Minor Tide Station

STND

2.28

3.43

4.40

‐1.15

Samoa (SO)

Minor Tide Station

STND

2.28

2.53

3.50

‐0.25

Fields Landing (FL)

Minor Tide Station

STND

2.28

3.48

4.45

‐1.20

Fields Landing (FL)

Minor Tide Station

STND

2.28

3.76

4.73

‐1.48

Hookton Slough (HS)

Minor Tide Station

STND

2.28

5.83

6.80

‐3.55

Hookton Slough (HS)

Minor Tide Station

STND

2.28

5.84

6.81

‐3.56

Trinidad (TR)

Minor Tide Station

STND

2.28

3.15

4.12

‐0.87

TS‐CC

VLM
3.25

§ SLR = sea level rise rate
* VLM = vertical land motion
# ReSLR = regional sea level rise rate
† RSLR = rela�ve sea level rise rate
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Future / Ongoing Work
•

Installation of tide gage at Trinidad

•

Acquire instrumentation for tide gage Installation and complete leveling surveys at the Chevron dock in
support of CENCOOS

•

Acquire instrumentation for semi-permanent tide gage installation and complete leveling surveys at Hookton Slough, USFWS Salmon Creek Unit

•

Begin modeling uplift / subsidence in regards to plate tectonic processes (Chris Rollins from Cal Tech will
be doing the tectonic modeling)

•

Incorporate regional subsidence / uplift rates with Pacific Northwest estimates established by Weldon and
Burgette at Univ. of Oregon

•

Prepare GIS products as deliverables to USFWS, PLCC, and stakeholders (raster and vector data)

•

Submit peer reviewed journal article to Geophysical Journal International or Geosphere

•

Conduct an onsite visit to a tide gage with USFWS, PLCC, and stakeholder coordinators (August 2016)

•

Conduct a webinar in support of education and outreach to USFWS, PLCC, and stakeholders (August 2016)

•

Acquire funding for GPS instrumentation at the NS tide gage, working with UNAVCO, Inc.
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