Sea-Level Rise in the Columbia River
Estuary, past, present, and future
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Big Picture Questions

were different in the past. But
how different?

2. Are local factors, climate
change, or both causing
trends?

4. Today’s focus: An empirical
look at sea level
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https://www.washingtonpost.com/news/capital-weather-gang/wp/2016/05/20/10-things-you-should-
know-about-sea-level-rise-and-how-bad-it-could-be/?utm_term=.a5dfl1de0Oa6b5
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So.... How will the rate of rise in Columbia River |
evolve in the future? 201

IPCC projections, historical data,
and adjusted satellite data
suggest that the rate of increase
in sea-level is not linear.

In other words, sea-level rise is
accelerating
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Relative Sea Level (RSL) Projections

Relative sea-level change = Change in absolute sea level — Change in height
of the solid earth surface,
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Why the variance?
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FIGURE 1.4 Processes that influence sea level on global to local scales. SOURCE: Modified from Milne
et al. (2009).

One cause: Many factors affect sea-level budget and relative sea-level rise



Seasonal, interannual
(ENSO), and decadal (PDO)
patterns in wind and water
temperature can cause
- large trend differences
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FIGURE 24 Regional variations in global sea-level nise based on observations from satellite altimetry

from 1985 to 2010. The data were corrected for glacial i1sostatic adjustment. atmospheric barotropic
pressure response. and various instrument, media, and geophysical effects. SOURCE: Updated from

Shum and Kuo (2011).
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Glacial Isostatic Adjustment (GIA)
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TABLE 4.3 GIA Predicted Relative Sea-Level Rise for = 250 Years Relative to the Present Day
Using an Ensemble of 16 GIA Models ar 21 West Coast Tide Gage Locations

fr;ll\‘r\n F;r:glcted Relative Sea-Level Rise | n C o I um b | a E St ua ry’

Location Latitude Longitude  Mean Standard Deviation ~ 1 O / t . d t
Cherry Paint, WA 48.87 -122.75 -0.16 044 cm/centu ry rise aue to
Friday Harbor, WA 4855 -123.00 0.14 0.48 GIA. Large uncerta i nty in
Neah Bay, WA 48.37 -124.62 0.58 0.64 |
Port Townsend, WA 48.12 -122.75 0.40 0.48 d Ct ua #

N RC Seattle, WA 47.680 -122.33 0.53 0.44

2012 I_IQM 4572 =123 97 103 053 . . i
Astoria, OR 46,22 -123.77 1.07 0.43 LOcatIO n Of maximum: 47
South Beach, OR 44.63 -124.05 1.00 0.34 North

Charleston I, OR 4335 -124.32 0.86 0.32
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Melting Ice also has a gravitational effect

ice volume t,
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I\/Ielting lce also has a gravitational effect

Uniform Greenland

ca. Neah Bay
> ca. Eureka
> ca. Santa Barbara
Map Locatuons
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Alaska melt reduces OR sea-level

Greenland melt causes less than
global average rise

NRC 2012 C  Uniform Ant Uniform W. Ant.
Antarctic melt causes greater

than average rise in OR

Unknowns in Antarctica drive
significant uncertainty
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Inter- and Pre-seismic
Uplift

Plate Tectonics also in the mix
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_— During earthquake (tsunami)
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Burgette et al., 2009

Uplift Rate from Leveling
(Burgette et al., 2009)
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Ultra-Local changes in vertical land motion

Astoria
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Table S.2.4 Benclumarks in Astoria, OR based on four datum. Benchmarks considered unstable
by USC&GS or NGS are marked red, Benchmarks known to be located on piles over mudflats
marked with blue., The change in BM height over time relative to the X100 benchmark (which is
held fived) is given in the riis columns for two time periods: (a} the 1930 MSL datum and
NAVDSS (modern height in 2015) and (b) the NGVD-29 datum (iikely the 1947 update) and

sl

NAVDSS. Units = feet.
BENCH 1920 MLLW 1930 MSL 1947 2015 2015 2015-
MARK (AVERS 1926) (RAPPLEYE NGVD- (NAVD-88) 1930- NGVD29
1932) 29 X100 X100
31 20.77 16,844 NA NA NA NA
A32 2197 18.081 NA NA NA NA
F31 2297 18.993 19.64 2297 -0.185 -0.12
X100 17.428 18.14 21.59 0 0
oo 16.46 17.12 20045 -0.172 0.1
T263 19.55 2S.2.04 0.04
Y100 17.707 18.41 1.7 014 () 13
Z100 18.629 19.34 22.81 0.02 0.02
W100 19.423 20.09 28.2.5 -0.085 -0.04
V100 17.877 18.58 2203 -0.01 0

T100: Going Down (on fill)

F31: Going Down (near landslide)

V100: More stable ground

In Astoria, approximately 6cm/century
difference in long-term rates



What empirical data are available to assess actual trends?

3 £
RO
-

Kodiak,
1880-1891

7

For the past 5 years,

we’ve recovered and O :
digitized tide records ¥ Port Townsend, ¥ Boston 1825-1833;

from the 19 Astoria. OR 1 1873-1877 B 1847-77; 1902-11
1853-187 . ' =
century. 853-1876 o R New York area |

1844-present

(along with many J ,. Norfolk 1844-1879

smaller time series
not mentioned) Wilmington, 1888-91; 1908-11

San Diego: ( &
1853-1872 M\M . | Charleston 1850-

2% & " 1861; 1882-1908

See Talke & Jay, 2013, 2017



Historic Data: Examples
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And some is high/low data




Marigrams—scrolls of paper with tide

J < --Automatic gauge i
E) ¢ --Each month is a 60-70 foot scroll ;
& ¢ --Gauge checked twice daily . >
4 - {
3 N
= A
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- We have dlgltlzed

20 years of marigrams from Astoria, 1853-1876, have been photographed.
(approximately 2 miles worth, 1 foot at a time)
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Lower Willamette Records (many never analyzed)
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Other Agencies with data:
USGS, NOAA, CMOP, OR DEQ, EPA
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Datum Recovery

ARK DESCRIPTIONS

Benchmark Survey, 1887 Leveling Synopsis
US National Archives, MD US National Archives, San Bruno
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MSL Results for Astoria, 19" century
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Details: Tying datum to modern series

1 -0.653 ft {1930)
X100

4.837 ft above
1873 staff

-21.59ftto
NAVD 88

NAVD-88

3

27.08 ft above
1873 staff

NAVD 83

OGSk MMMAY Mt

-10,164 ft to
Tidal4 at
Tongue Pt {1930)

<14,175 ftto
Tongue Pt
Station Datum
(1925)

t +2.02 ft to NAVD B8
Station Datum (2016}

@ v +0161t 4 <
Station Datum (1925)

<Staff Zero, 1873 ;

Tongue Pt Station
Datum (1925}

EZN -

1920 ?

Main idea: relate historic staff zero
and benchmarks to modern
datum/benchmarks using multiple
pathways, to estimate error

1876 14.83

1887 14.83
1898

14.81 18.691 Rel. Staff zero
14.79 18.645 2S.2.013 29.913 BM#1 held
(-0.02) (-.046) constant;
14.79 - 22.97 29.87 BM#2 held
(-0.046) constant
(-0.046)
? - ? ? 21.97 Rel. to MLLW
? Not Destroye Destroye 21.97 20.77  Sp.Pub. 122
found d d (Avers 1926)
27.08 See Figure
S.2.1
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Different Ties

F31 X100 T100 Y100 Z100 W100 V100
Offset above 0912 |-0.6530 |-1.6210 |-0.3740 | 0.5480 1.3420 -0.2040
A321n 1930
(ft)
NAVDSS 2297 |21.59 20.45 21.73 22.81 2S.2.500 | 22.03

0

A32 estimate | 22.058 | 22.243 22.0710 | 22.104 22.262 22.158 22234
(NAVD-88)
Estimated 5.022 | 4.837 5.009 4.976 4.818 4922 4.846
height NAVD
88 above 1873
staff zero




DEPARTMENT OF COMMERCE
COART 3 Geooemc Savry
Ed. Bopt, 100

TIDES: COMPARATIVE READINGS
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10|10 26| 6.80 | 2640 (~o.50 .
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Mean difference. -2 tf ‘:/
Prelimi.ry settiog.............. X0
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WA
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et/
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Sum of differences...../. A..... g Ly o9~

(Burgette et al., 2009)

This “constant” was changed every
few years such that it kept a
constant offset to a benchmark
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1 Astoria gauge to the early 1960s was
- Unstable (Burgette et al., 2009)

Vertical offset of Historical

Station Detu o 4 Observation #2: However, we can

Modern Station Datum
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T

use the gauge check sheets to infer
the magnitude of error and make a

' This Study correction

Burgette et al. 2009 |

1980 2000 2020
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Ft Stevens/Hammond

Fort Stevens
State Park

1.5 — , . 2015-2016, Astoria River Pilots Dock
. . —e— Tongue Point .
A slight drop in sea-level Youngs Bay sl 0.02m diff to Tongue Pt
145 to Youngs Bay (river slope effect) l ooal

0.03} \
E 0.02+ \u
0.01}

14
e

0}

1.35 LD01F
0,02 A s i

20156 20188 2016 2016.2 2016.4 20166
131 Tongue Point MSL, 1931-1942: 1.4 m .
il Youngs Bay MSL, 1931-1942: 1.36 m The results show that our
1930 1935 1940 1945 Astoria datum correction is

correct



MSL Results, 1853-2016

1.55 19th century 2
Tongue Pt
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1.5 ) 1
. 4EI Nino
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1.35¢ 1 o -
13l Astoria 1860-1876:1.37 +/- 0.05 m 1 |
Astoria 1990-2015:1.45 m
1.25 | 1 1 1 | | 1 1
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Closer to Coast at Hammond... Sea level is dropping!

El Nino

Astoria

e Sea Level Rise:
8 +/-4 cm
* Interannual
variability:
15 cm

Fort Stevens/Hammond

* Sea Level Rise:
-0.1m (drop)
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Fort Stevens and Astoria line
up if a difference of ~20
cm/century is applied



Sea Level Synopsis

More GPS measurements
heeded to.constrain vertical
land movement

~-10 cm e Tt + 8 cm since
since 1905 : 1853- 1876
Take Home: Plate tectonic signal rivals sea level rise (so far)

4

But... Sea Level rise will occur in ~5 minutes during Cascadia Earthquake

See also Burgette et
al. 2009 for analysis
of local tectonics




However, GPS measurements don’t yet agree....

RSN, GPS Solution
----- FISS - Daily solunon = W
(Meterasicn ngumii 2008 397 mm'".r‘;'wm“m 1w, by Hons

http://www.sonel.org/spip.php?page=gps&idStation=2093

_ e U R T
- e ' »http://www.sonel.orq/spip.php?paqe:qps&idStation:2690 .

Sonel: Fort Stevens = 12.9 cm/century uplift, Astoria 3.5 cm/century

FTS1 - Raw TPWZ - Raw

UP: wel 2.5 +/- 0.0 mmAyr WRMS = 6.1 mm UP: wel 0.2 +/- 0.0 mmsyr WRMS = 5.7 mm

http://WWW.panga.cwu.edu/data/bysite/

Position Cmm)
Position Cmm2

~Gi

_100 I L I 1 1 i I 1 _80 1 1 L I S S (S TS N S I S S N N E—

1995 1995 2000 2002 2004 2008 2008 2000 ooz Zo0d 2006 2008 Zolo 2012 2014 2016
Years Years

Panga: Fort Stevens = 25 cm/century uplift, Astoria 2 cm/century


http://www.sonel.org/spip.php?page=gps&idStation=2093
http://www.sonel.org/spip.php?page=gps&idStation=2690

Other parts of sea level budget, Astoria

River flow today produces
roughly 0.25m variation in daily
mean water level at Astoria;
About +/- 0.04m annually

River flow contributed roughly
0.02m more annual to water levels in
19t century than today

(in Astoria)
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River Induced MSL variability
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River flow vs.
Daily sea-level

(Astoria)

Year-to

.| year sea-level

variability

" from river flow



Also a need to characterize trends upstream
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Conclusions

. Sea-Level rise up to 20
cm/century different in
different regions of estuary

. Plate tectonics largest local
factor

Tomgats _._"‘ { . v e -

Yoland, Bibor Chineald and: (I waco
. Hydrodynamic and river flow
changes causing measurable
trends, but pretty small
— Large in Portland, however

| 4. Ocean dynamics/natural
variability a large signal that
masks long-term trends
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Other effects on Water Temperature:
Long term trends in Columbia River Peak Flow since 1850

I The Dalles -Tide Gauge Newspaper |

Measured annual

peak
- Our results: 20-
1850 1900 1950 2000 25% decrease in
25 . —
— annual flow
lower 25% | 145 10 Meas 30d Flows
_Upper 250/0 1 1894
| — median . . .
20 % 1835 The river is now in
o o permanent ‘drought’,
| 6) 1887 i i i
% 15 .g }ggg relative to historical
~ S 1082 norms
10 10) 1852
r — : N\
iming and magnitude of spring
5 - flows changing. What is effect
1850 1900 1950 2000
on water temperature?

\. J




Sea-Level. Comparison

Astoria

3.5

——San Diego
—— San Francisco
~——— Astoria

N

\

3+ |
2.5f

g

benchmark
on backside

Data recovered by Talke &Jay

1&40 1860 1880 1900 1920 1940 1960 1980 2000 2020 3'_,' ;ﬁ e 4

Year

Benchmark F31—it seems to have
subsided 0.2 feet relative to other
benchmarks



CRD (m)
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Annual Water Levels

—>Median has decreased by 0.5m

—> Variability has decreased by ~1m
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FIGURE 42 San anctsco tide gage record showing relative sea-level increases during major El Nifio
events. SOURCE: Tide gage data from the Permanent Service for Mean Sea Level.

(a) El Nino: SLA (cm), Dec 97 {b) La Nina: SLA (cm), Feb 99
o

150°E 160°W 110°W 150°E 160°W 110°W

a ——A:San Diego
15~ (0 Moty SLA —B:San Fragmsoo

Monthly SLA (cm)

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

FIGURE 4.3 (a) Sea-level anomaly (SLA), the difference between mean sea level for 1993-2009 and sea
level during the December 1997 El Nifio. (b) Same as (a) but for a La Nifia event m February 1999. Color
scale on right 1s in cm. (¢) Time series of monthly SLA offshore San Diego. San Francisco, and Seattle.
The two black arrows correspond to the dates shown in the upper figures. SOURCE: AVISO satellite
altimetry data from <http://www.aviso.oceanobs.com/=.
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FIGURE 4.3 (a) Sea-level anomaly (SLA), the difference between mean sea level for 1993-2009 and sea
level during the December 1997 El Nifio. (b) Same as (a) but for a La Nifia event m February 1999. Color
scale on right 1s in cm. (¢) Time series of monthly SLA offshore San Diego. San Francisco, and Seattle.
The two black arrows correspond to the dates shown in the upper figures. SOURCE: AVISO satellite
altimetry data from <http://www.aviso.oceanobs.com/>.



