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Columbia and Willamette Rivers?

How extreme were 2015 water
temperatures in the lower
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Archival T, Research
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Most of these old records have been forgotten.

A few years ago, while
researching historic
tides, | found many 19t
century water
temperature records

These daily data have
never been analyzed.

However, invaluable for
teasing apart climate
and local human effects.



Lower Willamette Records
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US Signal Service Records, 1881-1890

Other Agencies with data:
USGS, NOAA, CMOP, OR DEQ, EPA
Superfund, City of Portland, OR F&W

—> Big concatenation effort
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River Stage measurements
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Above: From https://www. ncdc noaa.gov/EdadsV2/

Left: City of Portland Archives




Data Recovery Synopsis

Water
Temperature
{ . E Runsnsetfoadbodos

1850 1900 1950 2000

Talke/Jay digitized: >50 station years

Notes: ” Astoria
: 15]| f f | ] '1 f
1. Only morning temperatures analyzed. 010 b lj V r ]
2. Seasonal bias correction to convert morning to daily g V] | | v
minimum Tw (0.1-0.2 degrees Celsius) 5
3. USGS records pre-1981 and EPA records pre-2000 e - “H

required more substantial bias corrections
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Water Temperature—Columbia Mainstem

2011

Tw, 1854-2011 W S
15| \"
O w /1 Dotted Line:

o 10} (0 f LY vancouver
R £ AT 1854
0 v 1862 Solid Line: Astoria
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Water Temperature Astoria: Climatology

25 [ 71 ,T K = T T T 1 T T
—1854-1876
—1925-1950
—1995-2015
20+ :
15+
O
o]
10 Astoria Tw
. Filtered to avoid low flow
(saline) periods
|
0 1 1 1 1 1 1

Columbia River Water
Temperature ~ 2 °C larger
now than in past, on
average

Density measurements
1925-1980 show that
salinity intrusion was
much less historically
than today.

—> Historical Astoria
measurement was a river
measurment
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Lower Willamette River (Portland) Climatology

30d average Tw

24 ;
—1880-1891
22+ e 1941-1952| -

——2000-2015|

100

150 200 250
Days since Jan. 1

300
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400

Little Change in climatology
between 1880 and 1952

Modern measurements are 1-
2 degrees higher than
historically, except spring

A combination of reservoirs
and climate change post 1950
is responsible. But what?



However....

Portland Water Temperature
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Peak T, in 1941 and
1889 was nearly the
same as 2015!!!

For the Willamette, at
least, there have
always been some
years with high
summertime
temperatures.



fraction

Distribution of T,, anomalies, Portland

PDF of Daily Max TW Anomaly, Portland from Climatology Mean
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0.02

T

——2000-2015
——1880-1891

I

Why are the extremes no
bigger today?

- Reservoir management has
reduced the deviation from
the mean.

- Much more common to
have a +/- 4 degree
excursion from normal in
the past than today
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Interpretation: Over a day, Temperature changes because of

0Ty 0Ty d dT H 1D Advection/Diffusion
— =—u + K +
dt dx dx dx pcyd  (see e.g., Wagner et al. 2011)
Time rate of change Advection from Input/Export of heat H
upstream Dispersion

(inverse to depth d)

It can be shown (by rubbing your eyes and adding fairy dust):

3 oT, . )
. 1. —a;c” and dispersion are usually small

.* * * &
K o

* * H )
. o 2. ~ a,T, + b T, — c10Q + small nonlinear terms
- % * pcpd

. e, & 7

T,
3. a_w ~ cQ (a,b,c are constants)
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Pulling it all together:

Ondayn: > T, (n) =aT,(n)+ bT,,(n — 1) + cQriper(n)

3T Y
=

Temperature today Daily Heat added  Temperature yesterday Upstream Input

Tw(n—1)=aT,(n—1) + bT,,(n — 2) + cQpiper(n — 1)

But Also:
Ty(n—2) =aT,(n —2) + bT,,(n — 3) + cQgrjper(n — 2) etc..............

T,(t) =a,T,(t) + a;T,(t — 1)+ a,T,(t —2) + -+ a,T,(t —n) +
boQ(t) + b1Q(t —1) + b,Q(t —2) + -+ b, Q(t —n)

Lagged correlation model




Least Squares fit

Air Temperature lag (days)

Evidence of system management;
Natural system: 1 degree air anomaly

- ~ 0.5 degree Tw anomaly
- Managed system: 0.4 degrees

0.05 :
\ ,A —1941-1952
| //*-\ / ‘\ ——2000-2015|

004} | J\/ .\/\

. Correlation of T, with
E "”\\ lagged Air Temperature
. M,\anomaly (summer)
| \
0.01+ .
) V\ 'V'H“ |
i \
\J
-0.01- . : -
0 10 20 30 40 50

26

25

24

23+
D 22-
21:

20

—-Measured-;
~———Modeled |

1875

Preliminary Statistical Model results

Little correlation measurable
after several weeks

(Weather System effect short lived)

Modern system fluctuates
less than in past (Air temperature
Anomalies less correlated to Tw)

Downtown Tw 1881-1890 calib

RMSE = 0.9 °C

1880 1885 1890 1885 1800



30d average Portland Daily Max Ta

30, T
. ——1875-1905
Portland Air —1930-1960
~—1985-2015
2srecords back -

to 1875

T_(°C)

0 50 100 150 200 250 300 350
Days since Jan. 1

PDF of Daily Max T, Anomaly, Portland from Climatology Mean

—2000-2015|
| =—1880-1891|

002

30 20 10 0 10 20 30

400

Effects of Climate Change

Air ~1-2 degrees warmer in summer

Consistent with about 0.5-1 °C
increased water temperature

Distribution of anomalies not much
different.

However...

1. Not clear how representative
Portland is of the entire basin
2. No heat Island correction applied.



July Air Temperature Anomaly, Portland

3
| Willamette T, :
1r 1 . . .
" Linear function of Air Temperature and
of A ! (weakly) River Flow
Q
1 r V J
3 TwAnomaly: Annual Max vs. 1975-2015 average Max:
-2 T T T T
2 -
-3
4 : : : i
1860 1880 1900 1920 1940 1960 1980 2000 20
0
$ -1
A lot of inter-annual variability
in monthly air temperature anomaly and m w
water temperature 4
.| Time series measured annual maximum |

Only a few years match 2015

_5 L e 2 8 1 ol - | ol
1880 1900 1920 1940 1960 1980 2000



# days

Days over 20 °C

80

70

60

50+

40 F

30

201

10+

0
1880

Note: Not enough data
in 1980s to estimate

1900 1920 1940 196 1980 2000 2020

Hypothesis: System more diffusive,
less variable, due to selective water
releases, especially after ~1990

2015 did set the record
number of days above
20 degrees
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Take home messages today

1. Large amounts of data since
Portiand Water Temperature ~1850 still exist in archives

——1889|

2. Mean Tw increasing on
Willamette, but variability
decreasing

3. “Temporal” Refuges
decreasing—number of days
above 20 degrees increasing

140 1 éO 1 éO 260 2é0 2;0 2(;0 280
Day of Year . . .
4. Columbia River is 2 degrees
warmer than 19t century;

Reduced flow larger factor



Tw Anomaly: Annual Max vs. 1975-2015 average Max

Measured
annual max
anomaly

-4 i

-5 1 1 | I 1 1
1880 1900 1920 1940 1960 1980 2000



