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Air Temperature Station
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Month Jan Feb Mar Sep Oct Nov

O @

Air Temperature Station
Bell 13 | 20
Everett 15 | 25
SeaTlac 15 | 22
OlyWA 08 | 17
Coast 11 | 21
Precipitation Station | Jan | Feb| Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
P Bell 014 019
. |Everett 016 | -0.07
1< [SeaTac 0.19 | 0.09
RGN -""i-té- b [OWWA 008 | -0.02
o Coast 0.37 | 0.09
Cloud Cover Station | Jan | Feb | Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
w A, Bell 05 | 02
Everett 05 | 05
2 SeaTac 06 | 02
. 9 [oyWA 0.0 [ 05
9th that resulted in Coast 02 | 05
COI’d maximum dally River Inflow Station | Jan | Feb | Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
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Month Jan Feb Mar Sep Oct Nov

O @

Air Temperature Station
Bell 13 | 20 | 19
Everett 15 | 25 | 09
SeaTlac 16 | 22 | 09
OlyWA 08 | 17 | 08
Coast 11 | 21 | 05
Precipitation Station | Jan | Feb| Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
Pass Bell 014 | 019 | 0.05
| . |Everett 016 | -0.07 | 0.18
| G [SeaTac 019 [ 0.09 [ 0.21
B [OWA 003 | 002 | 031
- Coast 0.37 | -0.09 [10556 |
Cloud Cover Station | Jan | Feb | Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
w A, Bell 05 | 02 ) 02
Evereft 05 | 05| 02
15 19 (Centraland | - . [SeaTac | 06 | 02 [ 0
| D [OyWA 00 [ 05 ] 02
th Sound surveys) and Coast 02 [ 06| 02
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Month Jan Feb Mar Apr May Sep Oct Nov

O @

Air Temperature Station
Bell 13 | 20 | 19 | 24
Everett 1.5 A 0.9 22
SeaTac 15 22 0.9 32
OlyWA 08 | 17 | 06 | 25
Coast 11 ] 21 | 05 | 24
Precipitation Station | Jan | Feb| Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
O Bell 014 | 019 | 0.05 | 0.03
. |Everett 0.16 | -0.07 | 0.18 | -0.05
| G [SeaTac 019 [ 009 [ 021 [ 012
RGN Dt [OyWA 008 [-002]031]-018
o Coast 0.37 | 0.09 | 056 | 0.29
Cloud Cover Station | Jan | Feb | Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
w A, Bell 05 |02 ) 02
Evereft 05 | 05 ) 02
: SeaTac 06 | 02 ) 01
P [oyWA 00 | 05| 02
Coast 02 | 05 | -02 | 08
ecipitation was below
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Month Jan Feb Mar Apr May Jun Jul Sep Oct Nov

O @

Air Temperature Station

Bell 1.3 20 1.9 24 16
Everett 15 | 25 | 09 | 22 | 04
SeaTlac 16 | 22 | 09 | 32 | 17
OlyWA 08 | 17 [ o6 | 25 | 17
Coast 11 | 21 | 05 | 24 | 038
Precipitation Station | Jan | Feb| Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
22N Bell 014 | 019 [ 0.058 [ 003 | 010
. |Everett 016 | -0.07 | 018 | -0.05 | 0.1
| G > [SeaTac 019 [ 003 [ 021 [012] 007
RN 20 [OlyWA 003 [-002] 031 [-018] 017
Coast 0.37 | 0.09 [ 056 | 0.29 | 0.19
Cloud Cover Station | Jan | Feb | Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
wAd , Bell 05 | 02 ] 02 [ 18] 04
Everett 05| 05 ] 02 05
. . . : 06 | 02 | 01 -04
tively rapid melting of D e o e 0
Coast 02| 05 ) 02| 08| 06
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Month Jan Feb Mar Aug Sep Oct Nov

O @

Air Temperature Station

Bell 13 | 20 | 19 | 24 | 16 | 08
Everett 15 | 25 | 09 | 22 | 04 | 02
SeaTlac 16 | 22 | 09 | 32 | 17 | 11
OlyWA 08 | 17 | 06 | 258 [ 17 | 09
Coast 11 [ 21 [ o5 | 24 | 08 | 05
Precipitation Station | Jan | Feb| Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
P Bell 014|019 | 005 | 0.03 | 010 | -0.09
. |Everett 0.16 | -0.07 | 0.18 | -0.05 | -0.11 | -0.04
5 |SeaTac 019 [ 009 | 021 [ 012 | 0.07 | -0.01
OlyWA 003 [-002] 031 [-018]017]-005
Coast 0.37 | 0.09 [056 | 0:29 | 0.19 [ 0.1
Cloud Cover Station | Jan | Feb | Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
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Month Jan Feb Mar Sep Oct Nov

O @

Air Temperature Station

Bell 13 | 20 | 19 [ 24 | 16 | 08 | 07
Evereft 15 | 25 | 09 | 22 | 04 | -02 | 09
SeaTac 16 | 22 | 09 [ 32 | 17 | 11 | 041
OlyWA 08 | 17 [ o6 [ 258 [ 17 | 09 | 01
Coast 11 ] 21 [ o5 | 24 [ 08 | 05 | 00
Precipitation Station | Jan | Feb| Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
P Bell 014 | 019 | 0.05 | 0.03 | 0.10 | 0.09 | -0.06
¢ Everett 016 [ 007 [ 018 | 0.05 [ 011 [ 0.04 | -0.05
SeaTac 019 [ 009 [ 021 [ 012 007 [ 0.01] -0.01
OlyWA 0.08 [-002] 031|018 [ 017 [ 005]-0.02
Coast 0.37 | 0.09 [ 7056 | 029 | 0.19 | 0.11 | 0.08
Cloud Cover Station | Jan | Feb | Mar | Apr | May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
A Bell 05 |02 | 02 [ 45 ] 04 | 13 | 05
Everett 05 [ 05 [ 02 05 0.7
; SeaTac 06 | -02 | -041 0.4 0.6
P [OWWA 00 | 05| 02 1.0 0.7
Coast 02 [ 05 ] -02 ] 08| 06 0.5
River Inflow Station | Jan | Feb | Mar | Apr| May| Jun| Jul | Aug| Sep| Oct | Nov| Dec
- |Fraser 3 19 | 30 22 61
~— | Skagit 11 | 54 | 29 [ 19 | 23 | 38 | 36
9 M | 23 3 |11 [ 2]
normal, especially in b = T
’ e Chehalis 2 | 8 | &1 | B | 1| 7| 2
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Month Jan Feb Mar Jun

e

3 Summary:
2,
| ﬂ Pacific Decadal Oscillation:
o PDO is significantly above
o 0— .
o normal for most months since
1] ] March 2015.
-2
_, I . Upwelling Anomalies:
e JEMAMJ JASOND Downwelling significantly
— e stronger than typical.
- . Warm phase
Source=http://iridl.ldeo.columbia.edu/mapro Cool phase North Pacific Gyre Oscillation:
om/Global/Ocean Temp/Anomaly.html/ )
The NPGO is above normal.
100 3
ol L] 2 Deppe intrusion index:
100 N ] Oceanic intrusions are
o .
= 1 o) unfavorable this month.
® 200 |@ O o
2 [«
[=% =
= 300 At ]
400 — 2 :
2012 2013 2014 2015 2016
500 —— & 2 7 . — : Intrusion favorable in blue
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Month Jan Feb Apr Jun Jul Aug Sep Oct Nov

eather O mongmons—eﬂean cold/wa-rm and upwelhngdommate yea r—to—year vamblljy in Puget Sound -

e

Indices describing oceanic boundary conditions which can affect marine water quality in our state

Feb 201
fea® o 3 Summary:
2,
® ® .ge . .
| ] Pacific Decadal Oscillation:
o B PDO is significantly above
o 0— .
o R normal for most months since
13 ] March 2015.
= -2 i
s _, I . Upwelling Anomalies:
e JEMAMJ JASOND Downwelling significantly
S e— se— stronger than typical.
: - Warm phase
- Source=http://iridl.ldeo.columbia.edu/mapro Cool phase North Pacific Gyre Oscillation:
om/Global/Ocean Temp/Anomaly.html/
B The NPGO was normal.
- 100 3
o L] 2l Deppe intrusion index:
100 N ] Oceanic intrusions are
o | .
- = —® o] unfavorable this month.
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2
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Month Jan Feb Jun

it S - = = S

Indices descrlbmg oceanic boundary condltlons which can affect marine water quality in our state

1
Marz® 3 Summary:
@
21 o
® ® .ge . .
| ] Pacific Decadal Oscillation:
o B PDO is significantly above
o 0— .
o | normal for most months since
L A -1} ] L March 2015.
= - g N I . Upwelling Anomalies:
WCOOUTW W 150w WW 1w _’:i\‘m;:d} W W W W AW Sw oW J F M A M J J A S o N D DOWnWeIIing Significantly
S e— se— stronger than typical.
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= The NPGO is on the high side of
o 100 3 normal.
a A 2 [
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2% e e L . e
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Month Jan Feb Mar Apr Jun
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Coastal conditions
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Indices describing oceanic boundary conditions which can affect marine water quality in our state

Bk 3 = Summary:
e
21 o
® ® .ge . .
| ] Pacific Decadal Oscillation:
o Bm PDO is significantly above
0o o0— .
o o normal for most months since
ol ] | March 2015.
2 R
(Y __ _, I o Upwelling Anomalies:
e o JFMAMJJASOND Upwelling tendency returns to
| ———  me— normal.
: - . Warm phase
- Source=http://iridl.ldeo.columbia.edu/mapro Cool phase North Pacific Gyre Oscillation:
om/Global/Ocean Temp/Anomaly.html/ ) ]
= The NPGO is on the low side of
| 100 3 normal.
0 —_ Q 2) I ==
] Deppe intrusionindex:
2100/ | |lg Ul . o ]
- = ] 3 " Oceanic intrusions are
= ©-200f (@ 0— 1%q - .
~BH z HE unfavorable this month.
B ~ 300 | || -1]
== 400 — 2 o .
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Month Jan Feb

e

2015 - Summary
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Figure Explanation

Indices descrlbmg oceanic boundary condltlons which can affect marine water quality in our state

May 2018

Longtudz

o atecn T eomsmary Mcemaly

Source=http://iridl.ldeo.columbia.edu/mapro
om/Global/Ocean Temp/Anomaly.html/
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Upwelling
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PDO
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Warm phase
Cool phase

JFMAMJ JASOND

Summary:

Pacific Decadal Oscillation:
PDO is significantly above
normal for most months since
March 2015.

Upwelling Anomalies:
Upwelling is significantly
stronger than typical.

North Pacific Gyre Oscillation:
The NPGO is on the low side of
normal.

Deppe intrusionindex:
Oceanic intrusions are
unfavorable this month.

B e e T
2012 2013 2014 2015 2016
Intrusion favorable in blue
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Month Jan Feb Mar
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Indices describing oceanic boundary conditions which can affect marine water quality in our state

Jun 2016

= 3 = Summary:
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3 g o | ] Pacific Decadal Oscillation:
D T : gL HRRER PDO is significantly above
N [ NP - o o H normal for most months since
> 1) ] L March 2015.
: & i Z -2 N
| _, I . Upwelling Anomalies:
NS EE R Upwelling is typical.
) ) Warm phase North Pacific Gyre Oscillation:
Source=http://iridl.ldeo.columbia.edu/mapro C . .
ool phase
om/Global/Ocean Temp/Anomaly.html/ P The NPGO is on the low side of
normal.
100 3
ol e @ 2l e — Deppe intrusionindex:
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2100 | |lo 1] e )
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Indices describing oceanic boundary conditions which can affect marine water quality in our state

Summary:

Pacific Decadal Oscillation:
PDO is significantly above
normal for most months since
ol ] March 2015.

o
*
[ )

PDO
o
|

Upwelling Anomalies:
Upwelling is significantly
stronger than typical.

JFMAMJJASOND

Warm phase
Cool phase North Pacific Gyre Oscillation:
The NPGO is on the low side of

100 EE 3 normal.
0 ] . \_J\_I 2’ ] |

i [ Deppe intrusionindex:
B Oceanic intrusions are
] % unfavorable this month.

JFMAMUJJASOND

Source=http://iridl.ldeo.columbia.edu/mapro
om/Global/Ocean Temp/Anomaly.html/
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Indices describing oceanic boundary conditions which can affect marine water quality in our state
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@ Weather() Coastal conditions
Anomalies in Air Temperature

Anomalies of daily
mean temperature (°C)
from National Climate

2 Data Center, 1971-2000
0 °C Climate Normals; red
-2 for warmer than normal,
4 blue for cooler than
normal.
Anomalies in Cloud Cover Anomalies of daytime

mean cloud cover (8ths)
from National Climate

. 2 Data Center. ‘0’ is fully
1 sunny, ‘8 is fully cloudy.
0 gths Red is above monthly
r averages and blue is
. 9 below it. Monthly
means taken from

daylight hours (7-16:00)
during 2009-2013.

Meteorological conditions typically explain up to half of the
variance in observed marine variables (Moore et al. 2008),
particularly in shallower waters like those of South Puget
Sound.

Moore et al. 2008. Local and large-scale climate forcing of Puget Sound
oceanographic properties on seasonal to interdecadal timescales. Limnol.
Oceanogr., 53(5), 1746-1758

Anomalies in Cumulative Precipitation

Anomalies of daily mean

. 0.50 precipitation (cm) from
0.25 National Climate Data
0.00 cm Center, 1971-2000
025 Climate Normals; red for
050 wetter than normal, blue

for drier than normal.

Anomalies in River Flow

Factor Anomalies of daily river
5 . 100 transport (km3s?) from
USGS, and
1 50 Environmental Canada
1 0 m*s? for the Fraser River; red
1 -A0 for higher flow than
1 . 100 normal, blue for lower

flow than normal.

PDO, NGPO, upwellingindices

Upwelling Indices PDO and NPGO Intrusions
- B B
25 1 1
4 4 Monthly
m's .100 m 0 No units 0 Count
coastline (anomaly)
.25 -1

B B B
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'-@‘Weathe'r_-' @;-COastalconditions e e S e — ==
. . - l-
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Key indices are the Pacific Decadal Oscillation (PDO, dimensionless) derived from observed Pacific Sea Surfaceff ~
Temperature and Sea Level Pressure, Upwelling (m3/s/100 m coastline) at 48°N and 125°W that is positive for |
upwelling, and negative for downwelling conditions, and NPGO that is the oceanic expression of the North
Pacific Oscillation (Walker and Bliss) the north-south seesaw in sea level pressure.
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PDO persisted in warm phase in 2016. Upwelling was above normalin May and June. NPGO is mostly below normal.
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@ Weather O Coastal conditions

Meteorological conditions typically explain up to half of the variance in observed marine variables (Moore et
al. 2008), particularly in shallower waters like those of South Puget Sound. The specific conditions prevalent
during the pasttwo weeks, from north to south, are shown below.

Summary:
Air temperatures were Anomalles _ 2013 _ _ 2014 _ _ 2015 _
Air Temperature Month 2 3 4 » B 7k 10 11 12 2 3 45 868 7 8 10 11 12 2 3 4 » B 7 @ 10 11 1.

generally above normal, Belinghary

. . Ewverstt

which was responsible for [ SeaTac

low snow pack. September S

and November were cool. R —

Euveratt

- . i | Sealac

Precipitation was below Y i

Cloud Cover

normal April — July.

Bellingham|

Ewverett

Sealac

Cloud Cover hasbeen N —

mostly below normal, n— —
except during December. o, [

| - = e
RiversFraserwas highin e v

0 11 12

April, low in summer.

* Upmeelling
r F ‘ FOO

. i NGO m
Downwelling has beenless
vigorous for many winter
months & PDO warmer than *Upwelling Anomalies (PFEL) [ higher expectad tower ]

normal. El Nifjo developed.

Moore et al.2008. Local and large-scale climate forcdngof Puget Sound oceanographic properties on seasonal to interdecadal timescales. Limnol. Oceanogr., 53(5), 1746-1758
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