Water levels and extremes in the
Columbia River Estuary since 1853
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Tide in Astoria, OR, Dec. 2 1861
Portland State (from US National Arrchives)

UNIVERSITY




The Setting: The lower Columbia
River Estuary

The question: What changes will
climate change and sea-level rise

bring?
Of particular concern:
--water levels
Walluski River, King Tide, Lower Columbia River Estuary --water temperatures

--extreme events

The future may be uncertain; but
perhaps some lessons may be
learned from the past.

Photo Credits: The Wetlands
Conservancy, flown by LightHawk
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The US Coastal Survey made measurements
In Astoria with an automatic gauge from 1853

to 1876. (see Talke & Jay, 2013 J. Coasltal
Research)




Astoria hourly measurements (1870-18706)...
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Meteorological register, Jan; 1864

Data are being digitized and
guality assured

>20,000 pictures of documents for
Columbia River

> 250k individual data points entered

Benchmark map from 1887 by students



Marigram, Astoria 1862

Scaling and rotation done in post-
processing, using daily gauge
checks for reference

Camera distortion removed via
Nikon software; residual
distortion is removed during
processing.

Height (m)

200 scrolls have been
photograhed and are being
processed into time/height
coordinates.

(2 miles of paper, end to end)

(a) Onginal

2.2 (c) Digitized tidal trace
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Results: Sea-level
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Astoria superseded benchmark sheet, NOAA

An ongoing question
has been to determine
the height of the
measurements relative
to land (a benchmark)
NOAA’s information
only back to 1873.

But, the modern gauge
Is 5 miles away from
Astoria, and was never
tied to the old series.

US CG&S tried, but
failed, to connect the
series.



Tide Staff: Comparison to Benchmarks

However, we have found
additional information in
various notebooks, tabulated
data, and the marigrams
themselves. These were
unknown to the historic
tabulators (different
government divisions).

Hydrographic survey, 1885

(Note states tide-staff level).



Year

1853
1868

1880

1883

1884

1885

1887

1889

1889

1910

Source

1868
hydrographic
survey (USCS)
Army Corp report
on tide readings
at Fort Canby
Superseded
summary sheet
(probably from
1936)
Superseded
summary sheet
(probably from
1936)
Hydrographic
survey (USCG&S)

Benchmark
survey by Pratt
Letter to USCG&S
with information
about 1889 tide
staff

Superseded
Benchmark sheet
(used in 1910)
Superseded
Benchmark Sheet

height of BM1
above zero of
staff

14.5 ft

14.93 feet

9.57 feet

14.821
(average of 4
surveys from
1858-1872)

14.93 feet

14.83 ft

14.83 feet (Staff of
1876)

Plane of
Reference
(height above
zero of tide staff)

5.3 ft

5.274ft (average
MLLW from 1859-
1867)

5.38 feet
(note similarity to
1883/1884)

5.3 ft

Height of BM1
above plane of
reference
(MLLW)

9.547 ft

9.547 ft

9.55 ft
(BM2 = 9.57 ft)
9.55 ft

9.53 ft

Tide Staff results

Quite a lot of information has
been found

Results of sleuthing:

1856-1876: The tide staff
was 14.82 feet over BM#1.

1853-1855: The tide staff
was 14.5 ft over BM#1
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Results: Preliminary Sea-level

hioria-seg Level Results from 3 different

3.1 : ;
—°—DalyCheckMSL|  data sets are consistent
3.05' —e—MSL with each other.
il The ‘daily check’ mean sea-
2.95| level is from the twice-a-day

gauge checks, after
removing the predicted tide

staff gauge (m)
N
((o)

N
o
L

No trend discernable.

2.8
1866 and 1876—Ilarge flow
275" | years.
2.7 - , x : 1
1850 1855 1860 1865 1870 1875 1880

Year



Sea-Level: Tying to Modern Gauge
Original 1853

Astoria
benchmark
on backside

Skasteh of Astor Rock

The original benchmark may possibly still
exist...but at least 3 feet of rubble buries it.

Instead, we use Benchmark F31 from the
Courthouse steps.

--In 1920, this benchmark was placed
relative to 1873-1876 sea-level datum.

--It is presently defined relative to NAVD-88

Tied to both old gauge
and modern datums



Sea-Level: Preliminary Results

Astoria Sea Level, NAVD-88
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The historic and modern data are offset by 10 cm,
but no trend discernable.

Perhaps benchmark is unstable?
- More benchmarks need to be found.

Original 1853
Astoria
benchmark
on backside

15t &
Commerical

- ‘. ”*‘f
Benchmark F31, 1920:
Tied to both old gauge
and modern datums



Astoria

3.5 1 A T T T T
—— San Diego benchmark
—— San Francisco on backside
~——— Astoria
3r I
2.5+
£
2
1.5k
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Year A gy Lo ;

Benchmark F31—it seems to have

subsided 0.2 feet relative to other

Data recovered by Talke &Jay benchmarks
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Comparisons of benchmark heights
vs. time can help determine the
relative stability of F31 (and other
benchmarks)



Regression Models of Astoria MWL —

« daily MWL can be modeled as:
MWL=f[tidal range, river flow, atm pressure, upwelling index]

« This type of model:
— Captures 75-80% of MTL variance in SF Bay, 90-95% in Astoria (Columbia
River)
— Makes it easier find the 5-20% of the variance that relates to MSL rise

— Allows correction of MWL times series for long-term changes in river flow
and harbor dynamics —changes estimated MSL rise

— LakgBdirer 9252002 dailgiMWL time serie |

rar'aﬂgé flow (mean, 1925-2012): 22[ Seasonal cycle gf corrected and
‘ observed Astoria (mean, 1925-2012)

with all corrections:

£ £2.1
& sl

S =

g =

= 2
(@]

@)

“10" 50 150 250 350 1.9 &5 150 250 350

Year Day Year Day



Estimating Astoria MSL Rise —

« Time series of MSL 1925-2012, before and after corrections:

— Apparent MSL has been “propped up” by increasing tidal range, which increases the

slope between the ocean and the gauge at Rkm-30
Correcting to long-term average range decreases MSL more than correcting for reduced flow increases it

— Vertical land motion from GIS is 0.69 £1.1 mm/yr

« Conclusions:
— In relative terms, MSL has fallen since 1925, but this is accounted for entirely by
vertical land motion

— We have a record that can be used
for MSL analysis, but — we have als~
found previously undetected errors Corr+0.2  -0.63+0.27 mm/yr

next slide
( ) 2.3

81 annual values in 88 years; no interpolation:

MWL, m

J\

\/ U\IV b V\fN
0.27+0.4 mm/yr

1930 1950 1970 1990 2010
Year
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Next: Historical River flow and extreme events

Tide Range anomaly vs. River Stage

130

1876 Flood, Portland Tide Range Anomal

(Astoria)

0, |
20
£-0.1 30-day e
moving avg. 110
-0.2¢ River Stage
(Portland) ‘
03100 150 200 250  °

Days from Jan. 1, 1876

Observation: Tidal range decreases as river flow increases (see Moftakhari et
al., 2013 and Jay & Kulkulka, 2003). Therefore, a tide gauge is also a river
flow gauge!

D. Jay will discuss details in a talk later this quarter.



Calibration: --32 day harmonic analysis vs 32 day mean flow
-- Stepped forward by 1 day at a time

Calibration M2 admittance vs. PDX height (3 day shift) Calibration M4/M2? vs. PDX height (3 day shift)
25 25
20 20
15 15
= =

10 10

5 5

ped o data
a_+ a,x"z +ax b+ D,x": +b.x
4 e Vs c £
% 002 004 006 008 0.1 012 014 % 0.02 0.04 0.06 0.08 0.1
abs(M2 admittance) anomaly abs(,.ulmz?) anomaly
M2 Admittance calibration M4/M22 calibration

- Admittance calibration better at high flow; M4/M22 better at low
flow

Therefore, we use Admittance for high flow, M4/M22 for low flow



Estimated Flow (Q = a + b*h?)

25
— Composite Flow Estimate

20

SMW

01870 1871 1872 1873 1874 1875 1876 1877

Years

flow reconstruction matched
data from Vancouver, WA

—>Major flow events are being
captured.

(However, low flow events are
more uncertain)

Flow reconstruction shows yearly
freshet

Also evidence of ‘almost
lost to history’ winter
floods of ~ 8k m3s

~ 20} | P

18723 1872.4 18725 18726 18733 1873.4 18735 187356
Years Years
_. 20! N L _ 20! .
E | ‘ Y E |
18743 1874.4 1874.5 18746 16953 18754 18755 18756
Years Years
| ——M2-admit
M4/mM2?2
v ——Vancouver
—— PDX

1876.3 18764 1876.5 18766
Years
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k CMS

Annual Peak *Virgin’ f'low for the Columbia River 1852-2004

Bl The Dalles M Tide Gauge Newspaper ' ‘Virgin’ Flow estimates

Y -, S W S S from Naik & Jay, 2005
2019 | 1
1°”j| | -1 (Note extreme drought in
ol 1869; large freshets in
e e i 2099 1862,1866, and 1876)
— lower 25% Top 10 Virgin 30d Flows
227 Aoupper 25% 1 4y 1804
20} median | 5) 1048
(3) 1972 -
18l | 4y 1ea A 20 year running average
ol | (591956  has been applied
(6) 1974
14+ 1+ (7) 1876
(8) 1997 Marked Pacific Decadal
2 () 1880 " dgcillation in Flow; No
1 (10) 1887 ’

01 L 1 : .
1850 1900 1950 2000 obvious trend



Contrast with actual Measurements

B The Dalles M Tide Gauge

0
1850 1900 1950

~— upper 25%

1894
1862
1948
1876
1880
1887
1866
1882
1859

News‘paper .

2000

—lower25% | 16p 10 Meas 30d Flows

The river is now in
permanent ‘drought’,

1
20} — median 1 2
3
4
:
£ 15} | B
;
10| | (10) 1852 relative to historical

5| A " L J
1850 1900 1950 2000

norms



Magnitude of 10 Year Flood vs. time, The Dalles

25 T T

20;.

k CMS

15

T

|| ——Virgin
--------- Regulated (Measured)
10! : ; : ‘
1%60 1880 1900 1920 1940 1960 1980 2000

10 Year Flood

(or rather, the flow with a
10% annual probability of
occurring)



10.51
10+
9.5¢
g+
8.5+

8/

k CMS

7.5

71

6.5+

6 }

Flow Magnitude vs. time, MEAS Flow

— 10yr
—5yr H

55
1880

1900 1920 1940 1960 1980 2000

Winter flows are
Increasing
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However, largest winter flow still appears to be the 1861 flood,
which is 15-20% large (over 30d period) than the 1964 Xmas
Day flood

Peak flow ~13k m3/s

Estimated Flow Winter 1861-62 (Q = a + b*h?)

14 —Corﬁposite Flow Estimate | Minimum Flow < 1 k
ol | m3/s
Double Peak—

10 Willamette First, then the
@ g 1861 | Columbia(?)
= Note: Still provisional result.
T 6 | Calibration can still be

J improved; 95% ci needs to be

assessed

Jén

D-c
Dec 1st Jan. 1st
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20! Water Temperature ﬁ oY Wik
Tw, 1854-2011 W \“ "\ 2011
4 5 et \ .
O, N
o O £ ‘:.'""'-" b
' AT 1854
5:' : ........ Dotted-Vancouver;
0 1862 Solid: Astoria
0 60 120 180 240 300 360
Year day

Water temperature depends on flow rate, air temperature.....
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Conclusions

--19% century data shows
that sea-level rise is not
(yet) a large issue

--Changing river flow due
to direct anthropogenic
intervention is a much
bigger effect

--However, it's not only the
flow that has changed.
See next talk...

Thanks.
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“Removed the gauge from
il the gauge house, which
© =t threatened every moment to
be washed away by the
heavy breakers—that portion
of the wharf to which the
structure was braced was

] : carried off. “
L Tide Observer, San

Francisco, Jan. 1862

Poe AL Thanks.



