Using a Tide Level Anomaly Index as a Predictor
of Coastal Erosion in the Pacific Northwest 7» WSDOT
during El Nino/ENSO events

i

Datum Value Description Datums for 9440910, Toke Point, WA

MHHW 8.92 Mean Higher-High Water Hmemdestmains NI

MHW 813 Mean High Water @MHHW: 8.92

MTL 478 Mean Tide Level o] MHW:818 i
MSL 478 Mean Sea Level

DTL 4.46 Mean Diurnal Tide Level

MLW 137 Msan Low Water 7

MLLW 0.00 Mean Lower-Low Water a8 478 MTL 4.787

NAVDSES 0.82 Morth American Vertical Datum of 1983 W dms -« w_ ok

Richard C. Daniels

danielri@wsdot.wa.gov

Washington State Department of Transportation
Olympia, WA 98504-7430

Datums from NOAA 1983-2001, Station Home Page - NOAA Tides & Currents



mailto:danielri@wsdot.wa.gov
https://tidesandcurrents.noaa.gov/stationhome.html?id=9440910&name=Toke%20Point&state=WA

Abstract -
v WSDOT

The El Nino event of 2023-2024 had a 95% probability of being one of the stronger events in the last 50 years
and was predicted to be as strong as the record 1982-83, 1997-98, or 2015-16 events. Strong events are
associated with elevated water temperature and sea levels along the northwest Oregon and southwest
Washington coast. During the winter season In the Pacific Northwest (PNW) the amount of time that sea levels
exceed the regional mean high-water level (MHW) is directly correlated with increased erosion on sandy
beaches. In this study a ‘Water Level Anomaly Index’ for the northwest Oregon and southwest Washington
coast was derived based on tide elevation data from NOAAs National Ocean Services Station 9440910 Toke
Point, WA (Missing data points were estimated based on linear correlation equations derived for station
Astoria, OR or Hommond, OR). The index represents the number of hours during each Year, and during each
Fall-Winter season (October 1 to March 31), that water levels exceed the stations MHW elevation. On average,
water levels exceed MHW 1037 hours each Fall-Winter period. During strong El Nifio events the number of
hours the beach is exposed to elevated water levels increase; for example, during the 2016 event water levels
exceeded MHW an additional 196 hours or 8 days. This paper extended this index backward to 1974 and
forward to March 2024. It was determined that the 2023 El Nino was weaker than predicted, and in terms of
strength was the 7th largest event in the last 51 years (1974 to 2024), falling behind the 1997, 1982, 2015,
1998, 2015, and 1994 events.



Tide Data is Big Data

*  What makes BIG Data Big? Changing the number of
any parameter will rapidly increase the amount of
data collected.

* Frequency (Time)
* Location (Geography)
* Elevation

e Historically even large well funded organizations
were unable to store, see, and work with large
datasets. This was overcome by using statistics to
calculate minimum, means, and maximum values
for daily to annual time periods.

* These statistical values were later used in models
and estimating regional trends in water level

* A new area of research will be the recovery and re-
analysis of historical data to look for and
understand the ‘why’ around outliers -in the past
these were ‘masked’ by the averaging process.

* Discover New information from old Data

7 WSDOT

* Sample Annual Samples [Record length (45 bytes) |Years of Record
Frequency Required Kb of data 2006 to 2023 (Gh)
>{1 Minute 525,600 23652 425.736
6 Miaute 87,600 3942 70.956 L=
1Hour 8,760 394.2 7.0956
"1 Day 365 16.425 0.29565
1 Month 12 0.54 0.00972
1Year 1 [UR 077 o) P p— 0 1 01010}y § KO ——
*Windows 32 bit Operating System maximum file size is 2 GB (4 GB maximum) 23
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Area of Interest: Columbia River Littoral Cell (CRLC)
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El Nino-Southern Oscillation

WINTER LA NINA PATTERN

T
{:-39

El Niflo and La Nifia are the warm and cool phases of a
recurring climate pattern across the tropical Pacific—
the El Nifio-Southern Oscillation, or “ENSO” for short. H

blocking
high pressure

variable
Polar Jet Stream

The pattern shifts back and forth irregularly every two
to seven years, bringing predictable shifts in ocean
surface temperature and disrupting the wind and
rainfall patterns across the tropics. These changes have
a cascade of global side effects.

WINTER EL NINO PATTERN

low pressure

El Nifio has its strongest influence on U.S. seasonal

climate in winter. On the United States West Coast, the
Pacific jet stream strengthens and carries more storms s
across North California and favoring cooler, wetter i it

Tt track

Winters on the West Coast >

Maps from NOAA 2016, El Nifio and La Nifa: Frequently asked questions | NOAA Climate.gov



https://www.climate.gov/news-features/understanding-climate/el-ni%C3%B1o-and-la-ni%C3%B1a-frequently-asked-questions

El Nino-South Oscillation (ENSO) 3,4, PDO, SOl and more

* Several indexes and anomaly measurements have been derived over the years
to identify interconnection between monthly and annual climate in the tropical
pacific and other parts of the world. Examples of these include:

Southern Oscillation Index (SOIl), the difference between the atmospheric pressure
at sea level at Tahiti and at Darwin.

Pacific Decadal Oscillation (PDO) is a recurring pattern of ocean-atmosphere
climate variability centered over the mid-latitude Pacific basin. The PDO is detected
as warm or cool surface waters in the Pacific Ocean, north of 20°N

Oceanic Niino Index (ONI), is based on sea surface temperature (SST) in the east-
central tropical Pacific Ocean.

Ninol, Nino2 (combined into Nino1+2), Nifio3 and Nino4—SST measurements
taken in the central Pacific, locations selected based on consistent availability of
data coming from ships passing through those areas.

Nino3,4 (a.k.a., ENSO 3,4) has been identified as being the most ENSO-
representative in the PNW (Barnston et al. 1997). Located between (and
overlapping with) Nino3 and Nifo4, this is the region whose temperature anomaly
is reflected in the ONI and best correlates with climate impacts on Pacific
Northwest of the United States.

* The reason for separate indexes is that the location of the user matters. For
example, people in Hawaii may care more about SST, while those in the
continental United States are concerned with large-scale changes in sea level air
pressure that impacts the location of High- and Low-pressure systems.



El Nino-South Oscillation (ENSO) 3,4, PDO, SO
Comparison

40°N

Anomaly Anomaly
SST ENSO SOI ENSO Standard SL | Over MHW | Over MHW
Mean PDO| ENSO3,4 Traditional Pressure Total Fall-Winter
Mean PDO 1
SST ENSO3,4 0.50 1
ENSO SOI Traditional -0.60 -0.90 1
ENSO Standard SL
Pressure -0.62 -0.90 0.99 1
Anomaly Over MHW
Total 0.34 0.42 -0.40 -0.42 1
Anomaly Over MHW
Fall-Winter 0.22 0.51] -0.46 -0.45 0.64 1

ENSO 3,4 Says 2023-24 is the 4t largest ENSO event on Record
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Winter Climate Patterns the Pacific Northwest Coast

* Winter Conditions (Fall-winter)
* Low Pressure systems generate

L

* Summer Conditions (Spring- 03/09/2023
Summer) __

 High pressure systems generate

H

Peter Iredale, Fort Stevens State Park, OR

winds from the S and SW, which
ﬁenerates larger average wave
eights and push water (wave =
setup) onshore causing increased &
storm surge and longshore =
sediment motion to the north

During La Nino offshore blocking
High pressure north of Hawaii
reduces the number of storms
impacting the PNW

e #
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winds dominantly from the N and
NE, which push water away from
the coast and reduces the average
wave height.

This allows seasonal onshore

-
ﬁ Pl ——
migration of sediment and beach

recovery from winter storms. S Y East Pacific High
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Tidal Water Levels for the
Columbia River Littoral Cell

Toke Point Tide Gauge State was selected as representative of the
littoral cell because:

1. Length of Record, 1922-Present

2.  Minimal Missing Data, 1974- 3/32/2024 (< 4%); Astoria,
Oregon Gauge used to fill missing data (R2=0.96)

3. Location near center of cell and adjacent to coast
4. Minimal influence by adjacent large rivers

Tide measurements at Toke Point have been compared with open beach
GPS surveys of the observed Average Highwater and Higher High-Water
Line (as seen on the ground) and compared with LIDAR elevations
models in 1996, 1997 and 2014 and 2016. These tests established that
the observed Mean High Water (MHW) and MHHW height could be
translated to observed water lines, when wave setup and runup are
considered.

Station Photos - NOAA Tides & Currents



https://tidesandcurrents.noaa.gov/stationphotos.html?id=9440910

CRLC Tide Level (CTL) Index Calculation

* Tide Level Anomaly Index for the Columbia River Littoral Cell was derived from 6 minute and
hourly tide data from NOAAs Station 9440910 Toke Point, WA (Missing data points calculated
based on linear correlation from station Astoria, OR).

e CTL represents the number of hours during each Fall-Winter season (October 1 to March 31) that
water levels exceed the stations MHW elevation.

* On average, water levels exceed MHW 1041 hours each Fall-Winter period and 1709 hours
annually.

* During strong El Nifio events the number of hours the beach is exposed to elevated water levels
increases (e.g., during the 2016 event water levels exceeded MHW an additional 193 hours or 8

days).
ENSO 3,4 and CTL Index
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CTL Anomaly Index Reoccurrence Intervals

ENSO 3,4 Says 2023-24 is the 4t largest ENSO event on Record BUT for the

CRLC CTL, it was found to be 7th
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ENSO Standardized SL Pressure

		YEAR		JAN		FEB		MAR		APR		MAY		JUN		JUL		AUG		SEP		OCT		NOV		DEC		Mean		Min		Max		Winter Average		Summer Average				Southern Oscillation Index (SOI) | El Niño/Southern Oscillation (ENSO) | National Centers for Environmental Information (NCEI) (noaa.gov)

		1951		1.5		0.9		-0.1		-0.3		-0.7		0.2		-1		-0.2		-1.1		-1		-0.8		-0.7		-0.3		-1.1		1.5		-0.85		-0.52				(STAND TAHITI - STAND DARWIN)  SEA LEVEL PRESS                                  

		1952		-0.9		-0.6		0.5		-0.2		0.8		0.7		0.5		0.1		-0.2		0.4		0		-1.2		-0.0		-1.2		0.8		-0.13		0.28				                    STANDARDIZED    DATA 

		1953		0.3		-0.5		-0.2		0.2		-1.7		0.1		0		-1.2		-1.2		0.1		-0.3		-0.5		-0.4		-1.7		0.3		0.00		-0.63

		1954		0.7		-0.3		0.3		0.6		0.5		0.1		0.4		1.1		0.2		0.3		0.1		1.4		0.5		-0.3		1.4		0.33		0.48

		1955		-0.5		1.9		0.6		-0.1		1		1.3		1.6		1.5		1.3		1.5		1.2		1		1.0		-0.5		1.9		1.25		1.10

		1956		1.3		1.6		1.3		0.9		1.4		1.1		1.1		1.2		0.1		1.8		0.2		1.1		1.1		0.1		1.8		0.93		0.97

		1957		0.6		-0.1		0.2		0.2		-0.7		0.2		0.2		-0.5		-0.9		0		-1		-0.3		-0.2		-1		0.6		-0.80		-0.25

		1958		-1.9		-0.5		0.3		0.4		-0.5		0.3		0.4		0.9		-0.3		0.1		-0.4		-0.6		-0.2		-1.9		0.9		-0.45		0.20

		1959		-0.9		-1.4		1.3		0.4		0.5		-0.1		-0.3		-0.1		0		0.5		0.9		0.9		0.1		-1.4		1.3		0.60		0.07

		1960		0.1		0.1		1		0.8		0.5		0.1		0.5		0.8		0.7		0.1		0.5		0.8		0.5		0.1		1		0.28		0.57

		1961		-0.3		0.9		-1.8		0.8		0.3		0.1		0.2		0.2		0.1		-0.3		0.5		1.5		0.2		-1.8		1.5		0.93		0.28

		1962		2		-0.3		0.1		0.2		1.1		0.7		0.1		0.6		0.4		1		0.3		0.2		0.5		-0.3		2		0.63		0.52

		1963		1		0.6		1.1		0.8		0.4		-0.5		-0.1		0		-0.6		-1.2		-0.8		-1.2		-0.0		-1.2		1.1		-0.90		0.00

		1964		-0.4		0		1.1		1.1		0.2		0.8		0.6		1.5		1.3		1.3		0.2		-0.3		0.6		-0.4		1.5		0.20		0.92

		1965		-0.4		0.4		0.8		-0.5		0.2		-0.6		-1.8		-0.7		-1.3		-0.9		-1.5		0.2		-0.5		-1.8		0.8		-0.88		-0.78

		1966		-1.3		-0.2		-0.9		-0.2		-0.4		0.3		0.1		0.6		-0.2		-0.1		0		-0.3		-0.2		-1.3		0.6		0.33		0.03

		1967		1.7		1.7		1.2		0		0		0.6		0.2		0.7		0.5		0.1		-0.4		-0.6		0.5		-0.6		1.7		-0.10		0.33

		1968		0.5		1.3		0.1		0		1.2		1.1		0.7		0.3		-0.3		-0.1		-0.3		0.2		0.4		-0.3		1.3		-0.43		0.50

		1969		-1.5		-0.5		0.4		-0.4		-0.2		0.2		-0.5		-0.1		-1		-0.9		-0.1		0.4		-0.4		-1.5		0.4		-0.43		-0.33

		1970		-1.1		-1		0.6		-0.1		0.4		1		-0.4		0.6		1.2		1		1.6		1.9		0.5		-1.1		1.9		1.23		0.45

		1971		0.4		2		2.3		1.7		0.9		0.4		0.2		1.5		1.4		1.7		0.5		0.3		1.1		0.2		2.3		0.75		1.02

		1972		0.5		1.1		0.6		-0.1		-1.6		-0.5		-1.4		-0.5		-1.4		-0.9		-0.3		-1.3		-0.5		-1.6		1.1		-0.70		-0.92

		1973		-0.3		-1.4		0.7		0.1		0.4		1.1		0.6		1.3		1.2		0.8		2.6		1.8		0.7		-1.4		2.6		1.90		0.78

		1974		2.4		2.1		2.4		0.9		1		0.4		1.1		0.8		1.1		0.9		-0.1		0.2		1.1		-0.1		2.4		0.13		0.88

		1975		-0.5		0.8		1.6		1.2		0.6		1.3		1.9		2		2.1		1.7		1.2		2.1		1.3		-0.5		2.1		1.60		1.52

		1976		1.4		1.7		1.7		0.3		0.4		0.3		-0.9		-0.8		-1.1		0.4		0.7		-0.3		0.3		-1.1		1.7		0.10		-0.30

		1977		-0.4		1.2		-0.5		-0.4		-0.5		-0.9		-1.1		-0.8		-0.8		-1		-1.3		-1.1		-0.6		-1.3		1.2		-0.93		-0.75

		1978		-0.3		-2.7		-0.2		-0.3		1.4		0.7		0.6		0.4		0.1		-0.4		0		-0.1		-0.1		-2.7		1.4		-0.23		0.48

		1979		-0.4		1		0.1		-0.1		0.5		0.6		1.3		-0.2		0.1		-0.1		-0.4		-0.7		0.1		-0.7		1.3		-0.20		0.37

		1980		0.4		0.3		-0.4		-0.6		0		0		0		0.4		-0.5		0		-0.3		-0.1		-0.1		-0.6		0.4		0.00		-0.12

		1981		0.4		-0.2		-1.3		-0.1		0.8		1.2		0.8		0.7		0.3		-0.4		0.2		0.5		0.2		-1.3		1.2		0.38		0.62

		1982		1.2		0.3		0.6		0.1		-0.3		-1		-1.5		-1.7		-1.7		-1.7		-2.6		-2.2		-0.9		-2.6		1.2		-2.50		-1.02

		1983		-3.5		-3.6		-2.4		-0.9		0.6		0		-0.6		0.1		0.9		0.4		-0.1		0		-0.8		-3.6		0.9		0.13		0.02

		1984		0.2		0.9		-0.2		0.3		0.2		-0.3		0.2		0.4		0.1		-0.3		0.3		-0.1		0.1		-0.3		0.9		-0.10		0.15

		1985		-0.3		1.2		0.8		1.2		0.4		-0.4		-0.1		1		0		-0.4		-0.2		0.2		0.3		-0.4		1.2		0.15		0.35

		1986		1		-1		0.5		0.3		-0.2		1		0.3		-0.4		-0.5		0.6		-1.2		-1.4		-0.1		-1.4		1		-0.68		0.08

		1987		-0.7		-1.2		-1.3		-1.4		-1.3		-1.1		-1.4		-0.9		-1		-0.4		0		-0.5		-0.9		-1.4		0		-0.25		-1.18

		1988		-0.1		-0.4		0.6		0.1		0.9		0.1		1		1.5		1.8		1.4		1.7		1.2		0.8		-0.4		1.8		1.45		0.90

		1989		1.5		1.2		1.1		1.6		1.2		0.7		0.9		-0.3		0.5		0.8		-0.2		-0.5		0.7		-0.5		1.6		0.00		0.77

		1990		-0.1		-1.8		-0.4		0.2		1.2		0.3		0.5		-0.2		-0.7		0.3		-0.5		-0.2		-0.1		-1.8		1.2		0.05		0.22

		1991		0.6		0.3		-0.7		-0.6		-1		-0.1		0		-0.4		-1.5		-1		-0.7		-1.8		-0.6		-1.8		0.6		-1.60		-0.60

		1992		-2.9		-0.9		-2		-1		0.3		-0.6		-0.6		0.4		0.1		-1.4		-0.7		-0.6		-0.8		-2.9		0.4		-0.90		-0.23

		1993		-0.9		-0.7		-0.5		-1.2		-0.3		-0.8		-0.8		-0.9		-0.7		-1.1		-0.1		0.2		-0.7		-1.2		0.2		-0.28		-0.78

		1994		-0.1		0.3		-0.7		-1.3		-0.7		-0.4		-1.3		-1.2		-1.6		-1.1		-0.6		-1.2		-0.8		-1.6		0.3		-0.83		-1.08

		1995		-0.4		-0.1		0.8		-0.7		-0.4		0.1		0.4		0.3		0.3		0		0		-0.5		-0.0		-0.7		0.8		0.13		0.00

		1996		1		0.3		1.1		0.8		0.3		1.2		0.7		0.7		0.6		0.6		-0.1		0.9		0.7		-0.1		1.2		0.48		0.72

		1997		0.5		1.7		-0.4		-0.6		-1.3		-1.4		-0.8		-1.4		-1.4		-1.5		-1.2		-1		-0.7		-1.5		1.7		-1.60		-1.15

		1998		-2.7		-2		-2.4		-1.4		0.3		1		1.2		1.2		1		1.1		1		1.4		-0.0		-2.7		1.4		1.33		0.55

		1999		1.8		1		1.3		1.4		0.2		0.3		0.5		0.4		-0.1		1		1		1.4		0.9		-0.1		1.8		1.03		0.45

		2000		0.7		1.7		1.3		1.2		0.4		-0.2		-0.2		0.7		0.9		1.1		1.8		0.8		0.9		-0.2		1.8		1.18		0.47

		2001		1		1.7		0.9		0.2		-0.5		0.3		-0.2		-0.4		0.2		0		0.7		-0.8		0.3		-0.8		1.7		0.08		-0.07

		2002		0.4		1.1		-0.2		-0.1		-0.8		-0.2		-0.5		-1		-0.6		-0.4		-0.5		-1.1		-0.3		-1.1		1.1		-0.55		-0.53

		2003		-0.2		-0.7		-0.3		-0.1		-0.3		-0.6		0.3		0.1		-0.1		0		-0.3		1.1		-0.1		-0.7		1.1		-0.13		-0.12

		2004		-1.3		1.2		0.4		-0.9		1		-0.8		-0.5		-0.3		-0.3		-0.1		-0.7		-0.8		-0.3		-1.3		1.2		-0.33		-0.30

		2005		0.3		-3.1		0.3		-0.6		-0.8		0.4		0.2		-0.3		0.4		1.2		-0.2		0		-0.2		-3.1		1.2		0.68		-0.12

		2006		1.7		0.1		1.8		1.1		-0.5		-0.2		-0.6		-1		-0.6		-1.3		0.1		-0.3		0.0		-1.3		1.8		-0.58		-0.30

		2007		-0.8		-0.1		0.2		-0.1		-0.1		0.5		-0.3		0.4		0.2		0.7		0.9		1.7		0.3		-0.8		1.7		1.28		0.10

		2008		1.8		2.6		1.4		0.7		-0.1		0.6		0.3		1		1.2		1.3		1.3		1.4		1.1		-0.1		2.6		1.28		0.62

		2009		1.1		1.9		0.4		0.8		-0.1		0.1		0.2		-0.2		0.3		-1.2		-0.6		-0.7		0.2		-1.2		1.9		-0.90		0.18

		2010		-1.1		-1.5		-0.7		1.2		0.9		0.4		1.8		1.8		2.2		1.7		1.3		2.9		0.9		-1.5		2.9		2.05		1.38

		2011		2.3		2.7		2.5		1.9		0.4		0.2		1		0.4		1		0.8		1.1		2.5		1.4		0.2		2.7		1.38		0.82

		2012		1.1		0.5		0.7		-0.3		0		-0.4		0		-0.2		0.2		0.3		0.3		-0.6		0.1		-0.6		1.1		-0.03		-0.12

		2013		-0.1		-0.2		1.5		0.2		0.8		1.2		0.8		0.2		0.3		-0.1		0.7		0.1		0.5		-0.2		1.5		0.53		0.58

		2014		1.4		0.1		-0.9		0.8		0.5		0.2		-0.2		-0.7		-0.7		-0.6		-0.9		-0.6		-0.1		-0.9		1.4		-0.73		-0.02

		2015		-0.8		0.2		-0.7		0		-0.7		-0.6		-1.1		-1.4		-1.6		-1.7		-0.5		-0.6		-0.8		-1.7		0.2		-1.25		-0.90

		2016		-2.2		-2		-0.1		-1.2		0.4		0.6		0.4		0.7		1.2		-0.3		-0.1		0.3		-0.2		-2.2		1.2		0.03		0.35

		2017		0.2		-0.1		0.9		-0.2		0.3		-0.4		0.8		0.5		0.6		0.9		0.9		-0.1		0.4		-0.4		0.9		0.70		0.27

		2018		1.1		-0.5		1.5		0.5		0.4		-0.1		0.2		-0.3		-0.9		0.4		-0.1		1		0.3		-0.9		1.5		0.33		-0.03

		2019		0		-1.4		-0.3		0.1		-0.4		-0.5		-0.4		-0.1		-1.2		-0.4		-0.8		-0.6		-0.5		-1.4		0.1		-0.40		-0.42

		2020		0.2		-0.1		-0.1		0.2		0.4		-0.4		0.4		1.1		0.9		0.5		0.7		1.8		0.5		-0.4		1.8		1.23		0.43

		2021		1.9		1.5		0.4		0.3		0.5		0.4		1.4		0.6		0.8		0.7		1		1.5		0.9		0.3		1.9		0.93		0.67

		2022		0.5		1.1		1.8		1.7		1.4		1.7		0.8		1		1.6		1.7		0.3		2.1		1.3		0.3		2.1		1.38		1.37

		2023		1.4		1.4		0.2		0.2		-1		0.3		-0.3		-0.8		-1.3		-0.5		-0.8		-0.2		-0.1		-1.3		1.4		-0.25		-0.48

		2024		0.5		-1.4		0		0		0		0		0		0		0		0		0		0		-0.1		-1.4		0.5		0.00		0.00

		Southern Oscillation Index (SOI) | El Niño/Southern Oscillation (ENSO) | National Centers for Environmental Information (NCEI) (noaa.gov)



Min	YEAR	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	-1.1000000000000001	-1.2	-1.7	-0.3	-0.5	0.1	-1	-1.9	-1.4	0.1	-1.8	-0.3	-1.2	-0.4	-1.8	-1.3	-0.6	-0.3	-1.5	-1.1000000000000001	0.2	-1.6	-1.4	-0.1	-0.5	-1.1000000000000001	-1.3	-2.7	-0.7	-0.6	-1.3	-2.6	-3.6	-0.3	-0.4	-1.4	-1.4	-0.4	-0.5	-1.8	-1.8	-2.9	-1.2	-1.6	-0.7	-0.1	-1.5	-2.7	-0.1	-0.2	-0.8	-1.1000000000000001	-0.7	-1.3	-3.1	-1.3	-0.8	-0.1	-1.2	-1.5	0.2	-0.6	-0.2	-0.9	-1.7	-2.2000000000000002	-0.4	-0.9	-1.4	-0.4	0.3	0.3	-1.3	Mean	YEAR	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	-0.27500000000000008	-8.3333333333333228E-3	-0.40833333333333338	0.45	1.0250000000000001	1.0916666666666666	-0.17500000000000002	-0.15	0.14166666666666669	0.5	0.18333333333333335	0.53333333333333333	-4.1666666666666685E-2	0.6166666666666667	-0.5083333333333333	-0.21666666666666667	0.47499999999999992	0.39166666666666677	-0.34999999999999992	0.47499999999999992	1.1083333333333334	-0.48333333333333334	0.7416666666666667	1.1000000000000001	1.3333333333333333	0.31666666666666665	-0.6333333333333333	-6.666666666666668E-2	0.14166666666666666	-6.6666666666666666E-2	0.24166666666666667	-0.875	-0.7583333333333333	0.14166666666666669	0.28333333333333333	-8.3333333333333315E-2	-0.93333333333333346	0.81666666666666654	0.70833333333333359	-0.11666666666666665	-0.57500000000000007	-0.82499999999999984	-0.65	-0.82499999999999984	-1.6666666666666663E-2	0.67499999999999993	-0.73333333333333339	-2.4999999999999911E-2	0.85000000000000009	0.8500000000000002	0.25833333333333336	-0.32500000000000001	-9.1666666666666674E-2	-0.25833333333333336	-0.18333333333333335	2.4999999999999981E-2	0.26666666666666666	1.1250000000000002	0.16666666666666666	0.90833333333333355	1.4000000000000001	0.1333333333333333	0.45	-0.1333333333333333	-0.79166666666666652	-0.19166666666666662	0.35833333333333339	0.26666666666666666	-0.5	0.46666666666666662	0.91666666666666663	1.3083333333333333	-0.11666666666666665	Max	YEAR	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1.5	0.8	0.3	1.4	1.9	1.8	0.6	0.9	1.3	1	1.5	2	1.1000000000000001	1.5	0.8	0.6	1.7	1.3	0.4	1.9	2.2999999999999998	1.1000000000000001	2.6	2.4	2.1	1.7	1.2	1.4	1.3	0.4	1.2	1.2	0.9	0.9	1.2	1	0	1.8	1.6	1.2	0.6	0.4	0.2	0.3	0.8	1.2	1.7	1.4	1.8	1.8	1.7	1.1000000000000001	1.1000000000000001	1.2	1.2	1.8	1.7	2.6	1.9	2.9	2.7	1.1000000000000001	1.5	1.4	0.2	1.2	0.9	1.5	0.1	1.8	1.9	2.1	1.4	Winter Average	YEAR	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	-0.85	-0.12499999999999999	0	0.32499999999999996	1.25	0.92500000000000004	-0.8	-0.45	0.6	0.27499999999999997	0.92500000000000004	0.625	-0.9	0.19999999999999998	-0.875	0.32499999999999996	-0.1	-0.42499999999999999	-0.42500000000000004	1.2250000000000001	0.75	-0.7	1.9	0.125	1.6	0.1	-0.92499999999999993	-0.22500000000000001	-0.19999999999999998	0	0.375	-2.5	0.125	-0.1	0.14999999999999997	-0.67500000000000004	-0.25	1.45	0	4.9999999999999989E-2	-1.6	-0.89999999999999991	-0.27500000000000008	-0.82500000000000007	0.125	0.47499999999999998	-1.6	1.325	1.0249999999999999	1.175	7.4999999999999983E-2	-0.55000000000000004	-0.125	-0.32500000000000001	0.67500000000000004	-0.57499999999999996	1.2749999999999999	1.2749999999999999	-0.9	2.0499999999999998	1.375	-2.5000000000000001E-2	0.52499999999999991	-0.72500000000000009	-1.25	2.4999999999999994E-2	0.7	0.32500000000000001	-0.40000000000000008	1.2250000000000001	0.92500000000000004	1.375	-0.25	
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ENSO SOI AUS Traditional

		YEAR		JAN		FEB		MAR		APR		MAY		JUN		JUL		AUG		SEP		OCT		NOV		DEC		Mean		Winter Mean

		1866		-0.616		-0.117		-0.615		-0.646		0.038		-0.815		-0.345		0.36		-0.176		0.072		1.097		-0.159		-0.160		0.167

		1867		0.095		-0.012		-0.091		0.83		0.503		-0.483		0.44		0.34		0.12		-0.558		-0.649		-0.889		-0.030		-0.6931666667				Data from https://crudata.uea.ac.uk/cru/data/soi/

		1868		-0.163		-0.337		-1.563		0.303		-1.336		-2.199		-0.402		-1.415		-1.226		-1.241		-1.493		0.515		-0.880		-0.8275

		1869		-1.896		-0.264		-0.586		2.117		1.405		1.534		1.422		0.936		0.117		0.852		0.563		0.422		0.552		0.389				Allan, R.J., Nicholls, N., Jones, P.D. and Butterworth, I.J. (1991) A further extension of the Tahiti-Darwin SOI, early SOI results and Darwin pressure. J. Climate 4, 743-749. doi: 10.1175/1520-0442(1991)004%3C0743:AFEOTT%3E2.0.CO;2

		1870		1.062		0.181		-0.746		0.472		-0.113		-1.103		0.172		0.979		-0.002		-0.578		-0.856		-1.294		-0.152		-0.9976666667

		1871		-1.129		-0.129		-2		-0.456		-0.47		0.245		0.313		0.382		0.576		-0.138		-0.021		0.97		-0.155		1.0511666667

		1872		2.69		1.117		1.689		-0.541		1.354		2.454		2.301		0.986		3.142		1.895		3.092		2.795		1.915		2.167

		1873		2.469		1.124		1.627		2.285		1.185		-3.09		-1.141		-0.586		-2.134		-1.775		-0.356		1.332		0.078		-0.1158333333

		1874		0.901		-0.277		-0.52		0.978		1.289		-1.923		-0.144		0.753		2.031		2.193		0.534		1.277		0.591		0.5916666667

		1875		0.655		-0.112		-0.997		1.4		0.753		2.573		-0.485		-0.212		0.826		0.929		-1.54		-0.54		0.271		0.1473333333

		1876		1.156		0.981		-0.102		0.936		0.745		1.976		-0.509		1.082		0.98		-1		-0.464		-0.451		0.444		-0.885

		1877		-0.882		-1.444		-1.069		-3.873		-1.706		-4.344		-0.957		-1.058		-1.71		-1.697		-1.307		-1.516		-1.797		-1.5953333333

		1878		-0.979		-2.216		-1.857		-1.068		0.103		-0.587		1.597		1.124		1.695		0.937		1.387		1.892		0.169		1.3553333333

		1879		1.283		1.329		1.304		1.589		0.103		1.849		2.192		2.201		1.795		1.525		0.761		-0.708		1.269		0.8076666667

		1880		1.136		0.703		1.429		0.788		1.225		0.973		0.212		1.261		0.734		0.561		0.742		-0.332		0.786		-0.0866666667

		1881		-0.84		-0.667		0.016		0.429		-0.555		-0.783		-0.509		-1.395		-1.352		-2.599		0.492		0.698		-0.589		-0.3375

		1882		-0.764		-0.261		0.409		-0.055		0.347		-1.754		-2.125		-2.743		-1.444		-0.093		0.212		1.044		-0.602		-0.3738333333

		1883		0.48		-0.948		-2.938		1.632		1.468		0.257		-1.011		0.063		-0.81		0.355		0.194		-1.774		-0.253		-0.3923333333

		1884		-1.398		-0.613		0.882		-1.595		0.18		0.984		-0.276		-0.633		-0.702		0.381		-0.26		-1.5		-0.379		-0.4565

		1885		-1.783		0.037		0.386		0.155		0.014		-1.911		-0.446		-1.135		-0.431		-1.922		-1.547		0.466		-0.676		-0.511

		1886		-0.217		0.005		0.149		0.493		0.539		0.429		0.741		1.33		1.282		1.301		0.882		1.508		0.704		1.132

		1887		1.201		0.953		0.947		0.999		-0.584		0.465		0.525		0.333		0.451		0.506		-0.633		0.454		0.468		-0.2996666667

		1888		-0.322		-0.328		-1.475		-2.797		-1.12		-2.155		-1.643		-1.093		-0.938		-1.611		-1.369		-0.395		-1.271		-1.6041666667

		1889		-2.841		-0.213		-3.196		0.071		-0.191		2.493		0.178		0.046		1.051		0.285		1.919		2.349		0.163		1.5291666667

		1890		2.163		1.032		1.427		0.746		0.345		0.449		-0.23		-0.417		0.883		0.174		0.162		-0.042		0.558		0.0225

		1891		1.555		-0.491		-1.223		0.704		0.279		-0.284		-0.578		-1.197		-1.077		0.054		-0.487		-0.619		-0.280		-0.1488333333

		1892		0.199		-1.127		1.087		0.957		1.373		2.253		0.781		0.484		0.007		0.852		-0.878		0.298		0.524		0.3593333333

		1893		0.912		0.652		0.32		1.442		1.76		2.149		1.876		0.602		1.212		0.626		0.828		-0.496		0.990		0.8165

		1894		2.149		0.969		0.823		1.104		-0.857		-0.008		0.471		-1.405		-0.241		0.31		-0.894		0.065		0.207		0.0628333333

		1895		0.544		0.617		-0.265		1.336		0.651		-1.255		-0.747		-1.019		-0.522		-0.817		-0.47		-1		-0.246		-0.4473333333

		1896		0.072		0.372		-0.841		-1.194		-3.232		-2.987		-1.39		-2.548		-1.877		-2.008		-1.262		-1.693		-1.549		-1.5418333333

		1897		-1.42		-0.861		-2.007		-1.996		-1.587		-0.159		-0.19		-0.105		-0.004		0.099		-0.964		1.044		-0.679		0.5533333333

		1898		0.649		0.474		2.018		1.336		-0.106		-0.507		0.649		0.719		0.878		0.344		0.016		0.422		0.574		0.7241666667

		1899		1.314		0.866		1.383		0.493		-0.756		-1.427		-0.531		-1.177		-0.189		0.743		1.657		-0.443		0.161		-0.436

		1900		-0.891		-0.729		-2.953		-2.101		-0.756		3.096		1.017		0.751		-1.612		-2.125		-0.753		-0.728		-0.649		-0.4351666667

		1901		-0.09		0.205		0.88		0.64		0.08		2.3		1.508		0.795		-1.579		-2.689		-0.947		-0.324		0.065		-0.2435

		1902		1.677		-0.282		1.104		1.146		1.407		0.236		0.207		-1.093		-1.762		-0.766		-0.259		-0.448		0.097		-0.3131666667

		1903		-1.1		-1.109		1.803		2.18		0.923		-0.215		0.601		-0.147		0.814		0.299		-0.054		1.664		0.472		0.953

		1904		1.388		1.533		0.888		3.635		0.996		-1.011		-0.87		-0.105		-0.01		-0.108		-1.812		0.178		0.392		-1.3615

		1905		-1.083		-1.838		-3.506		-3.05		-1.678		-2.295		-2.105		-0.964		-0.697		-0.828		-1.808		-1.569		-1.785		-1.0111666667

		1906		-0.427		-0.875		-0.56		-0.836		-1.027		-0.715		0.678		1.426		1.748		0.807		1.953		0.302		0.206		0.5138333333

		1907		0.561		-0.225		-0.315		-0.836		-0.57		0.449		-0.031		-1.048		-0.068		-0.435		-0.579		0.65		-0.204		-0.1543333333

		1908		-0.987		0.837		-0.412		1.02		0.18		-0.631		1.433		0.204		1.666		0.721		0.087		-0.712		0.284		-0.124

		1909		-0.297		-0.395		-0.148		-1.785		0.074		2.633		1.083		0.892		0.064		0.203		0.741		0.414		0.290		0.7715

		1910		0.601		1.42		1.25		0.388		0.087		2.493		2.065		0.892		1.46		1.044		1.742		1.659		1.258		0.8301666667

		1911		0.304		0.009		0.223		0.05		-0.735		-1.552		-1.258		-1.415		-0.875		-1.3		-0.806		-0.268		-0.635		-1.0763333333

		1912		-1.114		-1.827		-1.143		-2.27		-1.122		-0.991		-0.049		-0.942		-0.397		-0.973		0.125		-1.009		-0.976		-0.481

		1913		-0.41		-0.627		0.008		-0.794		-0.565		-0.596		-0.124		-0.92		-0.95		-1.018		-1.249		-0.892		-0.678		-0.4718333333

		1914		-0.737		0.185		0.88		-2.27		-1.213		-2.639		-0.974		-1.84		-1.474		-0.729		-0.47		0.169		-0.926		-1.1383333333

		1915		-2.711		-0.594		-2.495		-1.49		1.216		2.68		2.528		1.298		1.344		0.948		-1.743		0.991		0.164		-0.1003333333

		1916		0.561		-0.524		-0.835		0.008		0.432		0.746		2.574		1.513		0.417		0.359		0.774		1.623		0.637		1.0098333333

		1917		0.457		0.984		1.862		2.581		2.397		2.389		2.827		3.483		2.843		1.512		1.933		2.397		2.139		1.4158333333

		1918		1.459		1.583		-0.389		2.074		1.088		-0.783		-1.379		-0.642		-0.852		-0.621		0.021		-1.004		0.046		-0.9973333333

		1919		-1.621		-1.194		-1.565		-0.372		-0.955		-1.463		-0.87		-0.9		-0.592		-1.255		-1.229		-1.116		-1.094		-0.7236666667

		1920		0.176		-0.292		-0.626		-0.098		-0.398		0.399		0.922		0.442		0.468		-0.687		-0.194		0.991		0.092		0.4763333333

		1921		1.091		0.585		1.072		-1.279		-0.011		4.073		0.29		-0.878		0.456		0.974		0.758		0.815		0.662		0.7643333333

		1922		0.785		0.773		0.481		-0.688		-0.762		0.449		0.233		-0.276		0.463		0.551		0.758		1.207		0.331		0.7095

		1923		0.561		0.336		0.844		0.809		-0.011		-0.174		-1.115		-2.14		-1.457		-0.721		-1.407		0.13		-0.362		-0.427

		1924		-0.681		0.006		0.111		-1.954		1.189		0.845		0.781		0.882		0.744		0.626		1.022		0.482		0.338		0.9033333333

		1925		0.544		1.224		1.522		1.484		-0.297		-0.819		-1.313		-1.241		-0.657		-1.496		-0.968		-0.892		-0.242		-1.1961666667

		1926		-0.619		-1.556		-1.646		-0.752		-0.284		-1.047		-0.086		-0.92		0.117		0.244		0.071		0.587		-0.491		0.5436666667

		1927		0.513		0.006		1.841		0.746		0.624		0.913		0.167		-0.749		-0.073		-0.55		-0.914		0.747		0.273		0.0658333333

		1928		-1.219		0.955		1.376		1.442		-0.085		-1.151		-0.02		0.795		0.744		0.766		0.212		1.204		0.418		1.0021666667

		1929		1.738		1.686		0.407		0.577		-1.2		0.064		0.207		-0.17		-0.073		0.803		0.952		0.531		0.460		0.7191666667

		1930		1.306		0.684		0.039		-0.33		0.472		-0.839		-0.399		-0.385		-0.719		0.461		0.304		-0.271		0.027		-0.0058333333

		1931		0.632		-1.606		0.445		1.104		1.659		2.232		0.979		-0.504		0.353		-1.002		-0.368		0.806		0.394		-0.2398333333

		1932		0.207		-0.359		-0.723		-2.755		0.087		-0.263		-1.522		-0.9		-0.863		-0.687		-0.612		0.25		-0.678		-0.3793333333

		1933		-1.219		0.339		-0.347		0.472		0.738		-0.679		0.376		-0.234		0.168		0.174		0.53		0.811		0.094		0.3258333333

		1934		0.618		-0.061		-0.117		0.641		-0.756		1.121		0.299		-2.444		-0.644		0.381		1.213		-0.38		-0.011		0.417

		1935		0.641		-0.558		1.205		0.366		-0.464		-0.423		-0.02		0.001		0.59		0.596		0.303		-0.555		0.140		0.0078333333

		1936		-0.305		-0.044		0.052		2.813		0.267		-0.367		0.431		-0.996		0.232		-0.112		-1.548		-0.035		0.032		-0.1313333333

		1937		0.946		-0.594		0.555		0.176		0.194		0.221		-0.531		0.204		0.042		-0.394		-0.456		0.643		0.084		0.0338333333

		1938		0.754		0.208		-0.552		0.387		1.176		2.009		1.867		1.243		0.686		1.367		-0.071		1.423		0.875		1.0423333333

		1939		1.739		0.656		1.14		1.126		-0.098		-0.367		0.839		-0.108		-0.95		-1.707		-0.964		-1.072		0.020		-0.949

		1940		-0.056		-0.56		-1.335		-0.941		-1.393		-2.488		-1.502		-2.11		-1.947		-1.801		-0.773		-3.38		-1.524		-1.6696666667

		1941		-1.131		-1.6		-1.333		-1.195		-0.749		-1.888		-1.997		-2.197		-0.826		-2.286		-1.092		-1.068		-1.447		-1.2113333333

		1942		-1.508		-0.515		-0.799		-0.52		0.247		0.797		-0.078		0.298		0.815		0.696		-0.642		1.424		0.018		0.5935

		1943		0.879		0.913		0.291		1.589		0.252		-1.127		0.302		0.691		0.527		0.794		0.215		-1.055		0.356		-0.0391666667

		1944		-0.953		0.3		0.464		-0.541		0.015		-0.608		-0.848		0.13		0.217		-1.03		-0.836		0.364		-0.277		0.1328333333

		1945		0.434		0.535		1.33		-0.731		0.023		0.797		0.39		1.063		0.802		0.211		-0.447		0.633		0.420		-0.0031666667

		1946		-0.325		0.294		-0.385		-1.026		-1.192		-1.323		-0.985		-0.635		-1.575		-1.384		-0.248		-0.714		-0.792		-0.4026666667

		1947		-0.633		-0.564		1.127		-0.562		-1.243		0.165		0.979		0.657		1.097		-0.351		0.753		0.471		0.158		-0.0936666667

		1948		-0.429		-0.406		-0.6		0.261		0.345		-0.759		0.095		-0.546		-0.76		0.537		0.186		-0.719		-0.233		-0.0523333333

		1949		-0.862		0.05		0.494		0.282		-0.684		-1.599		-0.149		-0.635		0.169		0.385		-0.766		0.769		-0.212		0.7155

		1950		0.536		1.581		1.788		1.674		0.554		3.057		2.137		1.142		0.632		1.682		0.893		2.461		1.511		1.0206666667

		1951		1.32		0.474		-0.706		-1.026		-1.293		-0.522		-1.33		-0.749		-1.168		-1.439		-0.985		-0.901		-0.694		-0.85

		1952		-0.925		-0.826		-0.024		-0.731		0.668		0.777		0.511		-0.383		-0.239		0.117		-0.224		-1.4		-0.223		-0.4811666667

		1953		0.123		-0.717		-0.786		-0.182		-2.717		-0.471		-0.058		-1.892		-1.353		-0.183		-0.364		-0.611		-0.768		-0.2351666667

		1954		0.572		-0.518		-0.307		0.409		0.146		-0.495		0.362		0.899		0.168		0.085		0.162		1.315		0.233		0.3861666667

		1955		-0.678		1.305		0.128		-0.815		0.876		1.626		1.795		1.379		1.395		1.514		1.382		0.909		0.901		1.1595

		1956		1.156		1.103		0.893		1.062		1.441		1.257		1.187		1.05		0.061		1.921		0.112		0.989		1.019		0.4545

		1957		0.434		-0.361		-0.368		0.05		-1.179		-0.367		0.178		-1.078		-1.006		-0.087		-1.229		-0.438		-0.454		-0.7896666667

		1958		-1.893		-0.776		-0.315		0.029		-1.391		-0.266		0.23		0.721		-0.344		-0.558		-0.612		-0.838		-0.501		-0.6116666667

		1959		-0.939		-1.497		0.774		0.345		0.139		-0.955		-0.465		-0.677		-0.005		0.34		0.902		0.815		-0.102		0.3728333333

		1960		-0.047		-0.247		0.474		0.788		0.303		-0.471		0.497		0.526		0.653		-0.196		0.605		0.633		0.293		-0.2125

		1961		-0.429		0.585		-2.473		1.147		0.18		-0.527		0.184		-0.162		0.107		-0.73		0.68		1.31		-0.011		0.3733333333

		1962		1.716		-0.414		-0.322		0.303		1.104		0.369		-0.037		0.258		0.525		0.948		0.273		-0.098		0.385		0.4738333333

		1963		0.799		0.261		0.66		0.514		0.139		-1.3		-0.132		-0.432		-0.597		-1.456		-0.93		-1.352		-0.319		-0.6135

		1964		-0.525		-0.129		0.711		1.779		-0.019		0.717		0.618		1.32		1.287		1.259		-0.058		-0.494		0.539		0.0725

		1965		-0.523		0.009		0.242		-1.342		-0.034		-1.632		-2.321		-1.365		-1.414		-1.218		-1.858		0.022		-0.953		-1.1153333333

		1966		-1.355		-0.536		-1.747		-0.899		-0.715		0.144		-0.149		0.189		-0.239		-0.325		-0.202		-0.607		-0.537		0.3728333333

		1967		1.524		1.199		0.648		-0.119		-0.406		0.673		0.175		0.439		0.439		-0.169		-0.567		-0.777		0.255		-0.1371666667

		1968		0.473		0.773		-0.556		-0.309		1.212		1.273		0.767		-0.204		-0.358		-0.353		-0.442		0.126		0.200		-0.484

		1969		-1.356		-0.853		-0.026		-0.899		-0.777		-0.239		-0.727		-0.707		-1.1		-1.355		-0.177		0.243		-0.664		-0.6176666667

		1970		-1.256		-1.219		0.058		-0.562		0.038		1.017		-0.52		0.305		1.177		0.741		1.85		1.832		0.288		1.3456666667

		1971		0.233		1.442		1.976		2.581		0.882		0.212		0.167		1.421		1.512		1.752		0.555		0.145		1.073		0.597

		1972		0.329		0.673		0.128		-0.456		-1.522		-1.683		-1.844		-1.115		-1.477		-1.134		-0.384		-1.47		-0.830		-0.8245

		1973		-0.429		-1.466		-0.064		-0.372		0.252		1.222		0.626		1.179		1.271		0.85		2.847		1.762		0.640		1.869

		1974		2.163		1.487		2.105		1.273		1.238		0.141		1.229		0.555		1.163		0.723		-0.423		-0.144		0.959		0.1875

		1975		-0.625		0.459		1.135		1.484		0.51		1.685		2.129		2.03		2.151		1.67		1.246		2.054		1.327		1.446

		1976		1.187		1.185		1.334		0.24		0.501		-0.159		-1.238		-1.459		-1.292		0.13		0.761		-0.48		0.059		-0.0895

		1977		-0.393		0.647		-1.202		-1.173		-1.185		-2.327		-1.453		-1.422		-0.946		-1.386		-1.556		-1.228		-1.135		-1.35

		1978		-0.48		-2.632		-0.818		-0.878		1.498		0.402		0.529		0.12		0.058		-0.76		-0.281		-0.21		-0.288		-0.2638333333

		1979		-0.452		0.608		-0.488		-0.646		0.459		0.58		-0.764		-0.692		0.113		-0.367		-0.612		-0.896		-0.263		-0.447

		1980		0.275		-0.017		-1.065		-1.595		-0.349		-0.679		-0.144		-0.056		-0.538		-0.337		-0.472		-0.209		-0.432		-0.5373333333

		1981		0.272		-0.469		-2.009		-0.604		0.817		1.281		0.873		0.404		0.52		-0.705		0.075		0.405		0.072		0.11

		1982		0.867		-0.034		0.052		-0.456		-0.735		-2.488		-1.89		-2.662		-2.122		-2.204		-3.248		-2.476		-1.450		-3.0013333333

		1983		-3.362		-3.463		-3.255		-1.405		0.787		-0.584		-0.704		-0.365		0.913		0.34		-0.115		-0.167		-0.948		-0.0646666667

		1984		-0.033		0.434		-0.847		0.387		-0.034		-1.219		0.121		0.098		0.171		-0.607		0.117		-0.239		-0.138		-0.0483333333

		1985		-0.548		0.787		0.2		1.421		-0.146		-1.395		-0.198		0.662		0.002		-0.76		-0.348		0.124		-0.017		-0.2546666667

		1986		0.824		-1.283		-0.085		0.113		-0.635		1.014		0.241		-0.853		-0.529		0.535		-1.573		-1.64		-0.323		-1.1446666667

		1987		-0.755		-1.409		-2.026		-2.692		-2.116		-2.687		-1.816		-1.667		-1.128		-0.691		-0.074		-0.664		-1.477		-0.3768333333

		1988		-0.313		-0.645		0.126		-0.035		1.088		-0.2		1.166		1.362		1.919		1.346		1.92		1.089		0.735		1.1766666667

		1989		1.314		0.802		0.589		2.18		1.447		0.812		0.948		-0.821		0.517		0.61		-0.381		-0.619		0.617		-0.5795

		1990		-0.214		-1.785		-1.088		-0.013		1.411		-0.067		0.572		-0.707		-0.779		-0.171		-0.683		-0.382		-0.326		-0.3663333333

		1991		0.445		-0.057		-1.35		-1.553		-1.744		-0.792		-0.072		-1.066		-1.643		-1.55		-0.769		-2.018		-1.014		-1.8468333333

		1992		-2.849		-1.046		-2.849		-2.059		0.059		-1.823		-0.629		-0.011		0.064		-2.03		-0.844		-0.714		-1.228		-1.1005

		1993		-0.931		-0.958		-1.126		-2.291		-0.593		-2.176		-1.06		-1.726		-0.78		-1.568		-0.132		0.075		-1.106		-0.5468333333

		1994		-0.251		-0.057		-1.348		-2.629		-1.264		-1.463		-1.703		-2.033		-1.704		-1.582		-0.806		-1.411		-1.354		-0.7361666667

		1995		-0.509		-0.345		0.236		-1.722		-0.914		-0.308		0.437		-0.105		0.281		-0.335		-0.016		-0.716		-0.335		0.0423333333

		1996		0.816		-0.022		0.527		0.915		0.465		1.596		0.695		0.325		0.656		0.258		-0.207		0.708		0.561		0.194

		1997		0.293		1.207		-1.095		-1.553		-2.408		-3.016		-0.905		-2.306		-1.552		-1.685		-1.311		-1.122		-1.288		-1.9886666667

		1998		-2.527		-1.975		-3.312		-2.797		0.173		1.053		1.488		0.825		1.036		1.005		1.005		1.322		-0.225		1.0458333333

		1999		1.583		0.575		0.785		2.096		0.436		0.004		0.517		-0.029		-0.072		0.946		1.221		1.37		0.786		1.021

		2000		0.471		1.236		0.882		1.758		0.415		-0.872		-0.345		0.484		0.973		0.866		2.019		0.774		0.722		0.9835

		2001		0.78		1.002		0.46		-0.182		-0.836		-0.195		-0.27		-1.014		0.112		-0.376		0.638		-1.055		-0.078		-0.1256666667

		2002		0.202		0.644		-0.807		-0.477		-1.543		-1.023		-0.696		-1.622		-0.658		-0.787		-0.595		-1.296		-0.722		-0.7995

		2003		-0.305		-0.899		-0.915		-0.477		-0.849		-1.751		0.258		-0.348		-0.183		-0.265		-0.318		0.924		-0.427		-0.05

		2004		-1.307		0.774		-0.108		-1.912		1.217		-1.908		-0.715		-0.9		-0.314		-0.423		-1.055		-0.938		-0.632		-0.911

		2005		0.205		-2.99		-0.265		-1.216		-1.458		0.105		0.057		-0.972		0.339		1.117		-0.418		0.012		-0.457		0.5348333333

		2006		1.294		-0.115		1.319		1.168		-0.957		-0.976		-0.899		-1.754		-0.604		-1.515		0.051		-0.394		-0.282		-0.5616666667

		2007		-0.829		-0.378		-0.305		-0.351		-0.299		0.138		-0.443		0.008		0.117		0.44		0.819		1.488		0.034		1.2283333333

		2008		1.535		2.048		1.04		0.556		-0.25		0.34		0.195		0.637		1.264		1.522		1.643		1.427		0.996		1.101

		2009		0.847		1.375		-0.208		1.062		-0.862		-0.447		0.184		-0.59		0.351		-1.664		-0.675		-0.947		-0.131		-1.2333333333

		2010		-1.126		-1.589		-1.399		1.885		0.853		0.236		1.953		1.77		2.436		1.796		1.623		2.904		0.945		2.0883333333

		2011		2.005		2.116		2.086		3.024		0.465		-0.04		1.111		0.065		1.137		0.905		1.412		2.454		1.395		1.0136666667

		2012		0.896		0.219		0.196		-0.646		-0.385		-1.507		-0.152		-0.744		0.22		0.17		0.328		-0.775		-0.182		0.035

		2013		-0.104		-0.473		1.064		0.008		0.903		1.453		0.764		-0.227		0.405		-0.337		0.749		-0.046		0.347		-0.0783333333

		2014		1.187		-0.325		-1.698		0.809		0.723		-0.459		-0.256		-1.424		-0.658		-0.862		-0.96		-0.659		-0.382		-0.7975

		2015		-0.866		-0.042		-1.396		-0.267		-1.044		-1.715		-1.414		-2.147		-1.65		-1.912		-0.633		-0.997		-1.174		-1.4188333333

		2016		-2.122		-2.094		-0.755		-2.608		0.216		0.441		0.448		0.404		1.278		-0.66		-0.227		0.19		-0.457		-0.0898333333

		2017		0.077		-0.328		0.409		-0.752		0.23		-1.392		0.847		0.167		0.622		0.753		0.935		-0.265		0.109		0.4391666667

		2018		0.915		-0.731		1.028		0.577		0.558		-0.744		0.175		-0.87		-0.992		0.267		-0.082		0.926		0.086		-0.2326666667

		2019		-0.16		-1.434		-0.913		-0.035		-0.715		-1.356		-0.512		-0.702		-1.261		-0.664		-1.03		-0.727		-0.792		-0.5791666667

		2020		0.01		-0.314		-0.75		0.155		0.707		-1.359		0.437		0.847		0.98		0.271		0.853		1.763		0.300		0.8911666667

		2021		1.64		1.017		-0.197		0.303		0.487		0.224		1.614		0.273		0.858		0.512		1.118		1.427		0.773		0.9175

		2022		0.338		0.757		1.353		2.686		1.904		2.449		0.91		0.805		1.734		1.725		0.311		2.111		1.424		0.9721666667

		2023		1.136		0.931		-0.381		-0.034		-1.602		-0.123		-0.382		-1.598		-1.36		-0.599		-0.897		-0.386		-0.441		-0.6092

		2024		0.307		-1.471																						-0.582		 
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SST ONI ENSO3,4

		Year		DJF		JFM		FMA		MAM		AMJ		MJJ		JJA		JAS		ASO		SON		OND		NDJ		Mean		Min		Max		Winter Average		Summer Average

		1950		-1.5		-1.3		-1.2		-1.2		-1.1		-0.9		-0.5		-0.4		-0.4		-0.4		-0.6		-0.8		-0.80		-1.50		-0.40		-0.55		-0.75

		1951		-0.8		-0.5		-0.2		0.2		0.4		0.6		0.7		0.9		1		1.2		1		0.8		0.53		-0.80		1.20		0.70		0.63

		1952		0.5		0.4		0.3		0.3		0.2		0		-0.1		0		0.2		0.1		0		0.1		0.14		-0.10		0.50		0.30		0.10

		1953		0.4		0.6		0.6		0.7		0.8		0.8		0.7		0.7		0.8		0.8		0.8		0.8		0.73		0.40		0.80		0.62		0.75

		1954		0.8		0.5		0		-0.4		-0.5		-0.5		-0.6		-0.8		-0.9		-0.8		-0.7		-0.7		-0.47		-0.90		0.80		-0.70		-0.62

		1955		-0.7		-0.6		-0.7		-0.8		-0.8		-0.7		-0.7		-0.7		-1.1		-1.4		-1.7		-1.5		-0.92		-1.70		-0.60		-1.18		-0.80				Warm and cold phases are defined as a minimum of five consecutive 3-month running averages of SST anomalies (ERSST.v5) in the Niño 3.4 region surpassing a threshold of +/- 0.5°C.

		1956		-1.1		-0.8		-0.6		-0.5		-0.5		-0.5		-0.6		-0.6		-0.5		-0.4		-0.4		-0.4		-0.54		-1.10		-0.40		-0.15		-0.53

		1957		-0.2		0.1		0.4		0.7		0.9		1.1		1.3		1.3		1.3		1.4		1.5		1.7		1.00		-0.20		1.70		1.57		1.10

		1958		1.8		1.7		1.3		0.9		0.7		0.6		0.6		0.4		0.4		0.4		0.5		0.6		0.75		0.40		1.80		0.53		0.60				Equatorial Pacific Sea Surface Temperatures (SST) | El Niño/Southern Oscillation (ENSO) | National Centers for Environmental Information (NCEI) (noaa.gov)

		1959		0.6		0.6		0.5		0.3		0.2		-0.1		-0.2		-0.3		-0.1		0		0		0		0.09		-0.30		0.60		-0.05		-0.03

		1960		-0.1		-0.1		-0.1		0		0		0		0.1		0.2		0.3		0.2		0.1		0.1		0.07		-0.10		0.30		0.07		0.10

		1961		0		0		0		0.1		0.2		0.3		0.1		-0.1		-0.3		-0.3		-0.2		-0.2		-0.02		-0.30		0.30		-0.22		0.05

		1962		-0.2		-0.2		-0.2		-0.3		-0.3		-0.2		0		-0.1		-0.1		-0.2		-0.3		-0.4		-0.19		-0.40		0.00		-0.22		-0.17

		1963		-0.4		-0.2		0.2		0.3		0.3		0.5		0.9		1.1		1.2		1.3		1.4		1.3		0.70		-0.40		1.40		0.97		0.72

		1964		1.1		0.6		0.1		-0.3		-0.6		-0.6		-0.6		-0.7		-0.8		-0.8		-0.8		-0.8		-0.45		-0.80		1.10		-0.57		-0.60

		1965		-0.6		-0.3		-0.1		0.2		0.5		0.8		1.2		1.5		1.9		2		2		1.7		0.97		-0.60		2.00		1.55		1.02

		1966		1.4		1.2		1		0.7		0.4		0.2		0.2		0.1		-0.1		-0.1		-0.2		-0.3		0.34		-0.30		1.40		-0.33		0.25

		1967		-0.4		-0.5		-0.5		-0.4		-0.2		0		0		-0.2		-0.3		-0.4		-0.3		-0.4		-0.28		-0.50		0.00		-0.50		-0.18

		1968		-0.6		-0.7		-0.6		-0.4		0		0.3		0.6		0.5		0.4		0.5		0.7		1		0.13		-0.70		1.00		0.88		0.23

		1969		1.1		1.1		0.9		0.8		0.6		0.4		0.4		0.5		0.8		0.9		0.8		0.6		0.72		0.40		1.10		0.57		0.58

		1970		0.5		0.3		0.3		0.2		0		-0.3		-0.6		-0.8		-0.8		-0.7		-0.9		-1.1		-0.33		-1.10		0.50		-1.10		-0.38

		1971		-1.4		-1.4		-1.1		-0.8		-0.7		-0.7		-0.8		-0.8		-0.8		-0.9		-1		-0.9		-0.90		-1.40		-0.70		-0.63		-0.77

		1972		-0.7		-0.4		0.1		0.4		0.7		0.9		1.1		1.4		1.6		1.8		2.1		2.1		0.97		-0.70		2.10		1.58		1.02

		1973		1.8		1.2		0.5		-0.1		-0.5		-0.9		-1.1		-1.3		-1.5		-1.7		-1.9		-2		-0.73		-2.00		1.80		-1.70		-0.90

		1974		-1.8		-1.6		-1.2		-1		-0.9		-0.8		-0.5		-0.4		-0.4		-0.6		-0.8		-0.6		-0.82		-1.80		-0.40		-0.63		-0.67

		1975		-0.5		-0.6		-0.7		-0.7		-0.8		-1		-1.1		-1.2		-1.4		-1.4		-1.6		-1.7		-1.05		-1.70		-0.50		-1.37		-1.03

		1976		-1.6		-1.2		-0.7		-0.5		-0.3		0		0.2		0.4		0.6		0.8		0.9		0.8		0.02		-1.60		0.90		0.68		0.07

		1977		0.7		0.6		0.3		0.2		0.2		0.3		0.4		0.4		0.6		0.7		0.8		0.8		0.45		0.20		0.80		0.58		0.35

		1978		0.7		0.4		0.1		-0.2		-0.3		-0.3		-0.4		-0.4		-0.4		-0.3		-0.1		0		-0.19		-0.40		0.70		-0.02		-0.33

		1979		0		0.1		0.2		0.3		0.2		0		0		0.2		0.3		0.5		0.5		0.6		0.23		0.00		0.60		0.50		0.17

		1980		0.6		0.5		0.3		0.4		0.5		0.5		0.3		0		-0.1		0		0.1		0		0.25		-0.10		0.60		-0.20		0.27

		1981		-0.3		-0.5		-0.5		-0.4		-0.3		-0.3		-0.3		-0.2		-0.2		-0.1		-0.2		-0.1		-0.30		-0.50		-0.10		-0.02		-0.28

		1982		0		0.1		0.2		0.5		0.7		0.7		0.8		1.1		1.6		2		2.2		2.2		0.99		0.00		2.20		2.00		0.90

		1983		2.2		1.9		1.5		1.3		1.1		0.7		0.3		-0.1		-0.5		-0.8		-1		-0.9		0.44		-1.00		2.20		-0.67		0.47

		1984		-0.6		-0.4		-0.3		-0.4		-0.5		-0.4		-0.3		-0.2		-0.2		-0.6		-0.9		-1.1		-0.42		-1.10		-0.20		-0.87		-0.33

		1985		-1		-0.8		-0.8		-0.8		-0.8		-0.6		-0.5		-0.5		-0.4		-0.3		-0.3		-0.4		-0.58		-1.00		-0.30		-0.38		-0.60

		1986		-0.5		-0.5		-0.3		-0.2		-0.1		0		0.2		0.4		0.7		0.9		1.1		1.2		0.22		-0.50		1.20		1.12		0.17

		1987		1.2		1.2		1.1		0.9		1		1.2		1.5		1.7		1.6		1.5		1.3		1.1		1.30		0.90		1.70		0.88		1.32

		1988		0.8		0.5		0.1		-0.3		-0.9		-1.3		-1.3		-1.1		-1.2		-1.5		-1.8		-1.8		-0.88		-1.80		0.80		-1.55		-1.02

		1989		-1.7		-1.4		-1.1		-0.8		-0.6		-0.4		-0.3		-0.3		-0.2		-0.2		-0.2		-0.1		-0.55		-1.70		-0.10		0.02		-0.43

		1990		0.1		0.2		0.3		0.3		0.3		0.3		0.3		0.4		0.4		0.3		0.4		0.4		0.32		0.10		0.40		0.33		0.33

		1991		0.4		0.3		0.2		0.3		0.5		0.6		0.7		0.6		0.6		0.8		1.2		1.5		0.58		0.20		1.50		1.38		0.55

		1992		1.7		1.6		1.5		1.3		1.1		0.7		0.4		0.1		-0.1		-0.2		-0.3		-0.1		0.61		-0.30		1.70		0.05		0.58

		1993		0.1		0.3		0.5		0.7		0.7		0.6		0.3		0.3		0.2		0.1		0		0.1		0.37		0.00		0.70		0.10		0.47

		1994		0.1		0.1		0.2		0.3		0.4		0.4		0.4		0.4		0.6		0.7		1		1.1		0.45		0.10		1.10		0.83		0.42

		1995		1		0.7		0.5		0.3		0.1		0		-0.2		-0.5		-0.8		-1		-1		-1		-0.19		-1.00		1.00		-0.88		-0.18

		1996		-0.9		-0.8		-0.6		-0.4		-0.3		-0.3		-0.3		-0.3		-0.4		-0.4		-0.4		-0.5		-0.42		-0.90		-0.30		-0.38		-0.33

		1997		-0.5		-0.4		-0.1		0.3		0.8		1.2		1.6		1.9		2.1		2.3		2.4		2.4		1.21		-0.50		2.40		2.10		1.32

		1998		2.2		1.9		1.4		1		0.5		-0.1		-0.8		-1.1		-1.3		-1.4		-1.5		-1.6		-0.14		-1.60		2.20		-1.40		-0.30

		1999		-1.5		-1.3		-1.1		-1		-1		-1		-1.1		-1.1		-1.2		-1.3		-1.5		-1.7		-1.16		-1.70		-1.00		-1.45		-1.07

		2000		-1.7		-1.4		-1.1		-0.8		-0.7		-0.6		-0.6		-0.5		-0.5		-0.6		-0.7		-0.7		-0.75		-1.70		-0.50		-0.60		-0.62

		2001		-0.7		-0.5		-0.4		-0.3		-0.3		-0.1		-0.1		-0.1		-0.2		-0.3		-0.3		-0.3		-0.26		-0.70		-0.10		-0.15		-0.18

		2002		-0.1		0		0.1		0.2		0.4		0.7		0.8		0.9		1		1.2		1.3		1.1		0.66		-0.10		1.30		0.92		0.67

		2003		0.9		0.6		0.4		0		-0.3		-0.2		0.1		0.2		0.3		0.3		0.4		0.4		0.18		-0.30		0.90		0.33		0.02

		2004		0.4		0.3		0.2		0.2		0.2		0.3		0.5		0.6		0.7		0.7		0.7		0.7		0.44		0.20		0.70		0.62		0.42

		2005		0.6		0.6		0.4		0.4		0.3		0.1		-0.1		-0.1		-0.1		-0.3		-0.6		-0.8		0.06		-0.80		0.60		-0.67		0.08

		2006		-0.9		-0.8		-0.6		-0.4		-0.1		0		0.1		0.3		0.5		0.8		0.9		0.9		0.07		-0.90		0.90		0.57		0.07

		2007		0.7		0.2		-0.1		-0.3		-0.4		-0.5		-0.6		-0.8		-1.1		-1.3		-1.5		-1.6		-0.64		-1.60		0.70		-1.47		-0.62

		2008		-1.6		-1.5		-1.3		-1		-0.8		-0.6		-0.4		-0.2		-0.2		-0.4		-0.6		-0.7		-0.70		-1.60		-0.20		-0.65		-0.53

		2009		-0.8		-0.8		-0.6		-0.3		0		0.3		0.5		0.6		0.7		1		1.4		1.6		0.28		-0.80		1.60		1.25		0.30

		2010		1.5		1.2		0.8		0.4		-0.2		-0.7		-1		-1.3		-1.6		-1.6		-1.6		-1.6		-0.56		-1.60		1.50		-1.38		-0.73

		2011		-1.4		-1.2		-0.9		-0.7		-0.6		-0.4		-0.5		-0.6		-0.8		-1		-1.1		-1		-0.78		-1.40		-0.40		-0.88		-0.60

		2012		-0.9		-0.7		-0.6		-0.5		-0.3		0		0.2		0.4		0.4		0.3		0.1		-0.2		-0.07		-0.90		0.40		-0.15		0.03

		2013		-0.4		-0.4		-0.3		-0.3		-0.4		-0.4		-0.4		-0.3		-0.3		-0.2		-0.2		-0.3		-0.32		-0.40		-0.20		-0.32		-0.35

		2014		-0.4		-0.5		-0.3		0		0.2		0.2		0		0.1		0.2		0.5		0.6		0.7		0.10		-0.50		0.70		0.55		0.12

		2015		0.5		0.5		0.5		0.7		0.9		1.2		1.5		1.9		2.2		2.4		2.6		2.6		1.44		0.50		2.60		2.30		1.40

		2016		2.5		2.1		1.6		0.9		0.4		-0.1		-0.4		-0.5		-0.6		-0.7		-0.7		-0.6		0.20		-0.70		2.50		-0.40		-0.05

		2017		-0.3		-0.2		0.1		0.2		0.3		0.3		0.1		-0.1		-0.4		-0.7		-0.8		-1		-0.12		-1.00		0.30		-0.83		0.07

		2018		-0.9		-0.9		-0.7		-0.5		-0.2		0		0.1		0.2		0.5		0.8		0.9		0.8		0.02		-0.90		0.90		0.77		0.02

		2019		0.7		0.7		0.7		0.7		0.5		0.5		0.3		0.1		0.2		0.3		0.5		0.5		0.45		0.10		0.70		0.45		0.38

		2020		0.5		0.5		0.4		0.2		-0.1		-0.3		-0.4		-0.6		-0.9		-1.2		-1.3		-1.2		-0.37		-1.30		0.50		-1.07		-0.35

		2021		-1		-0.9		-0.8		-0.7		-0.5		-0.4		-0.4		-0.5		-0.7		-0.8		-1		-1		-0.67		-1.00		-0.40		-0.95		-0.53

		2022		-1		-0.9		-1		-1.1		-1		-0.9		-0.8		-0.9		-1		-1		-0.9		-0.8		-0.95		-1.10		-0.80		-0.65		-0.95

		2023		-0.7		-0.4		-0.1		0.2		0.5		0.8		1.1		1.3		1.6		1.8		1.9		2		0.87		-0.70		2.00		1.80		0.92

		2024		1.8		1.5



SST ENSO 3,4



Winter Average	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	-0.6333333333333333	-1.3666666666666669	0.68333333333333346	0.58333333333333337	-1.6666666666666673E-2	0.5	-0.19999999999999998	-1.6666666666666673E-2	2.0000000000000004	-0.66666666666666663	-0.8666666666666667	-0.3833333333333333	1.1166666666666669	0.8833333333333333	-1.5499999999999998	1.6666666666666663E-2	0.33333333333333331	1.3833333333333335	4.9999999999999996E-2	0.10000000000000002	0.83333333333333337	-0.8833333333333333	-0.38333333333333336	2.1	-1.4000000000000001	-1.45	-0.6	-0.15	0.91666666666666663	0.33333333333333331	0.61666666666666659	-0.66666666666666663	0.56666666666666665	-1.4666666666666668	-0.65	1.25	-1.3833333333333335	-0.8833333333333333	-0.15000000000000002	-0.31666666666666671	0.54999999999999993	2.2999999999999998	-0.39999999999999997	-0.83333333333333337	0.76666666666666672	0.44999999999999996	-1.0666666666666667	-0.95000000000000007	-0.65	1.8	Summer Average	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	-0.66666666666666663	-1.0333333333333332	6.6666666666666652E-2	0.35000000000000003	-0.33333333333333331	0.16666666666666666	0.26666666666666666	-0.28333333333333333	0.9	0.46666666666666673	-0.33333333333333331	-0.6	0.16666666666666666	1.3166666666666667	-1.0166666666666668	-0.43333333333333329	0.33333333333333331	0.54999999999999993	0.58333333333333337	0.46666666666666662	0.41666666666666669	-0.18333333333333335	-0.33333333333333331	1.3166666666666667	-0.30000000000000004	-1.0666666666666667	-0.6166666666666667	-0.18333333333333332	0.66666666666666663	1.6666666666666663E-2	0.41666666666666669	8.3333333333333329E-2	6.6666666666666666E-2	-0.61666666666666659	-0.53333333333333333	0.3	-0.73333333333333339	-0.6	3.3333333333333326E-2	-0.35000000000000003	0.11666666666666665	1.3999999999999997	-5.000000000000001E-2	6.6666666666666666E-2	1.6666666666666673E-2	0.38333333333333336	-0.35000000000000003	-0.53333333333333333	-0.95000000000000007	0.91666666666666663	Mean	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	-0.82000000000000006	-1.05	2.0000000000000052E-2	0.45	-0.19	0.22999999999999998	0.25	-0.30000000000000004	0.98999999999999988	0.44000000000000011	-0.42000000000000004	-0.58000000000000007	0.22000000000000003	1.3	-0.88000000000000012	-0.55000000000000004	0.31999999999999995	0.57999999999999996	0.6100000000000001	0.37	0.45	-0.19	-0.41999999999999993	1.21	-0.13999999999999996	-1.1599999999999999	-0.74999999999999989	-0.26	0.65999999999999992	0.18000000000000002	0.44000000000000006	5.9999999999999977E-2	7.0000000000000034E-2	-0.64	-0.7	0.27999999999999997	-0.55999999999999994	-0.77999999999999992	-6.9999999999999965E-2	-0.31999999999999995	0.1	1.44	0.20000000000000009	-0.12000000000000002	2.0000000000000007E-2	0.45	-0.37	-0.67	-0.95000000000000018	0.86999999999999988	







https://www.ncei.noaa.gov/access/monitoring/enso/ssthttps://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php

ERSST PDO Index

		Year		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Mean		Min		Max		Winter Average		Summer Average								Year		Mean PDO		Anomaly Over MHW Fall-Winter		Mean 3-Year PDO

		1854		0.11		-0.24		-0.4		-0.44		-0.54		-0.3		-0.1		-1.24		-1		-2.23		-1.68		-1.76		-0.82		-2.23		0.11		-1.08		-0.60				Pacific Decadal Oscillation (PDO) | National Centers for Environmental Information (NCEI) (noaa.gov)				1974		-0.3		-57.86

		1855		-0.2		-0.39		-0.24		-0.58		-1.34		-1.88		-1.13		-0.48		-0.76		-0.63		-0.41		-0.88		-0.74		-1.88		-0.20		-0.24		-1.03								1975		-1.41		8.14		-0.6202777778

		1856		-0.39		0.47		0.42		-0.96		-1.26		-2.15		-0.69		0.63		0.58		0.59		0.23		0.04		-0.21		-2.15		0.63		-0.40		-0.64								1976		-0.15		-177.86		-0.5052777778

		1857		-0.52		-1.67		-1.05		-0.81		-0.65		1.03		1.17		0.81		0.84		0.7		0.38		-0.55		-0.03		-1.67		1.17		-0.62		0.40								1977		0.05		88.14		-0.0108333333

		1858		-0.96		-1.53		-1.76		-0.82		0.49		2.19		1.05		0.67		1.38		2.35		0.46		-1.16		0.20		-1.76		2.35		-0.62		0.83								1978		0.07		-109.86		0.0747222222

		1859		-1.22		-1.71		-2.46		-3.65		-2.86		-1.99		-1.01		-1.26		-1.19		-1.31		-1.14		-1.12		-1.74		-3.65		-1.01		-1.25		-1.99								1979		0.11		8.14		0.1625

		1860		-1.31		-1.28		-1.34		-0.77		-0.85		-1.26		-0.27		-0.4		0.33		-1.7		-1.18		-1.42		-0.95		-1.70		0.33		-1.10		-0.54								1981		0.31		-66.86		0.4180555556

		1861		-0.57		-0.84		-0.86		-0.83		-0.37		-0.35		-0.61		-0.8		-1.2		-1.58		-1.8		-1.65		-0.96		-1.80		-0.35		-0.90		-0.69								1981		0.84		71.14		0.2963888889

		1862		-0.41		-0.13		0.16		0.07		0.09		-0.08		-0.12		-0.2		-0.98		-0.8		-0.39		0.07		-0.23		-0.98		0.16		-0.32		-0.20								1982		-0.26		333.14		0.6097222222

		1863		-0.06		-0.34		-0.37		-0.18		0.03		-0.03		0.07		-0.26		0.05		0.07		0.11		-0.23		-0.10		-0.37		0.11		-0.23		-0.05								1983		1.25		-7.86		0.5313888889

		1864		-0.19		-0.09		-1.04		-1		-0.78		-0.66		-0.19		-0.48		-0.21		0.23		0.53		0.5		-0.28		-1.04		0.53		-0.01		-0.55								1984		0.60		-97.86		0.5505555556

		1865		-0.28		-0.54		-0.48		-0.16		-0.15		-0.66		-0.96		-0.69		-0.73		-0.61		-0.62		-0.76		-0.55		-0.96		-0.15		-1.47		-0.56								1984		-0.2		-52.86		0.1433333333

		1866		-2.31		-2.27		-2.22		-1.16		-0.68		-0.84		-0.55		-0.4		-0.35		-0.17		-0.07		-0.29		-0.94		-2.31		-0.07		-0.24		-0.66								1985		0.03		-21.86		0.2780555556

		1867		-0.14		-0.29		-0.48		-0.43		-0.34		-0.14		0.16		-0.34		-0.29		-0.89		-0.28		0.76		-0.23		-0.89		0.76		0.14		-0.23								1986		1.01		-139.86		0.7236111111

		1868		0.98		0.26		0.03		-0.39		-0.43		-0.22		0.11		-0.02		0.09		-0.2		-0.63		-0.81		-0.10		-0.81		0.98		-0.39		-0.14								1987		1.14		-180.86		0.7019444444

		1869		-0.84		-0.16		0.33		1.23		3.56		3.84		3.78		1.2		-0.12		-0.4		-0.63		-0.46		0.94		-0.84		3.84		-0.24		2.25								1988		-0.04		-158.86		0.1980555556

		1870		0.23		-0.19		0.03		-0.3		-0.14		-0.37		-0.13		0.05		-0.49		-0.7		-0.88		-0.94		-0.32		-0.94		0.23		-0.52		-0.23								1989		-0.50		-71.86		-0.4563888889

		1871		-0.44		0		-0.18		-0.51		-0.93		-0.36		-0.38		-0.09		-0.58		-0.8		-0.9		-0.29		-0.46		-0.93		0.00		-0.52		-0.48								1990		-0.83		19.14		-0.7366666667

		1872		-0.39		-0.55		-0.2		-0.49		-0.03		-0.82		-0.95		-1.02		-0.51		-0.11		-1.74		-2.1		-0.74		-2.10		-0.03		-1.63		-0.64								1991		-0.88		-43.86		-0.3152777778

		1873		-2.06		-2.11		-1.67		-0.69		-0.49		-0.8		-1.14		-1.05		-0.87		-0.7		-1.06		-0.86		-1.13		-2.11		-0.49		-0.80		-0.84								1992		0.76		-88.86		0.3080555556

		1874		-0.74		-1.18		-0.24		0.16		0.01		-0.26		-0.21		0.31		0.15		-0.04		0		-1.13		-0.26		-1.18		0.31		-0.88		0.03								1993		1.04		173.14		0.4366666667

		1875		-1.42		-1.53		-1.18		-1.24		-0.65		-0.79		-0.64		-0.8		-0.64		-1.19		-0.9		0.11		-0.91		-1.53		0.11		-0.77		-0.79								1994		-0.49		45.14		0.3297222222

		1876		-0.96		-0.74		-0.91		-1.53		-1.57		-0.82		-2.21		-2.16		-1.48		-0.4		-0.04		-0.24		-1.09		-2.21		-0.04		-0.16		-1.63								1995		0.44		66.14		0.2097222222

		1877		-0.13		-0.08		-0.08		-0.68		-0.82		-1.18		-0.37		-0.62		-0.24		0.02		0.46		0.07		-0.30		-1.18		0.46		0.42		-0.65								1996		0.68		386.14		0.8130555556

		1878		0.18		0.85		0.96		1.49		1.48		0.9		0.46		-0.63		-1.97		-1.68		-0.51		1.31		0.24		-1.97		1.49		-0.05		0.29								1997		1.32		194.14		0.5072222222

		1879		0.2		0.13		0.23		0.61		-0.56		-0.91		-1.6		-0.62		-0.52		-0.75		-0.64		-0.2		-0.39		-1.60		0.61		-0.52		-0.60								1998		-0.48		-38.86		-0.335

		1880		0.44		-0.45		-1.51		-2.42		-2.97		-3.15		-2.27		-1.79		-1.77		0.02		-0.4		-0.06		-1.36		-3.15		0.44		-0.18		-2.40								1999		-1.84		-194.86		-1.1491666667

		1881		-0.48		-0.15		-0.02		0.17		0.5		0.24		-1.3		-2.31		0.16		0.34		0.2		-0.55		-0.27		-2.31		0.50		-0.96		-0.42								2000		-1.13		4.14		-1.3677777778

		1882		-2.06		-1.92		-1.79		-1.6		-1.51		-1.71		-3.18		-1.1		-0.81		-1.07		-0.34		0.66		-1.37		-3.18		0.66		-0.74		-1.65								2001		-1.13		35.14		-0.8997222222

		1883		-0.97		-1.32		-1.4		-0.32		-0.67		-1.25		-2.82		-2.36		-1.75		-1.47		-1.07		-1.67		-1.42		-2.82		-0.32		-1.56		-1.53								2002		-0.44		85.14		-0.3972222222

		1884		-1.77		-1.95		-1.42		-0.53		0.41		0.84		1.1		1		0.74		1.08		2.16		2.35		0.33		-1.95		2.35		1.82		0.59								2003		0.38		-65.86		-0.0938888889

		1885		2.57		1.02		1.72		1.47		0.7		-0.41		-0.68		-0.06		-0.15		-0.05		-0.32		-0.34		0.46		-0.68		2.57		-0.18		0.15								2004		-0.22		69.14		-0.0102777778

		1886		-0.52		0.62		-0.48		0.35		-0.2		-1.17		-0.3		-0.39		-0.44		-1.3		-2.63		-1.79		-0.69		-2.63		0.62		-1.68		-0.36								2005		-0.19		-44.86		-0.2544444444

		1887		-0.93		-1.41		-2.04		-1.49		-0.33		0.69		1.54		-0.87		-1.96		-1.33		-0.97		-1.07		-0.85		-2.04		1.54		-0.73		-0.40								2006		-0.35		-23.86		-0.4138888889

		1888		-0.98		-0.11		0.1		0.02		1.48		1.68		1.78		1.13		1.04		0.6		0.76		0.47		0.66		-0.98		1.78		0.40		1.19								2007		-0.70		-191.86		-0.9055555556

		1889		0.44		-0.01		0.14		0.88		1.16		1.12		0.13		-1.02		-1.27		-0.42		1.34		-0.16		0.19		-1.27		1.34		-0.41		0.17								2008		-1.66		111.14		-1.1325

		1890		-0.66		-1.09		-1.49		-1.1		-1.34		-3.41		-1.4		-0.99		0.83		-0.45		-1.04		-1.31		-1.12		-3.41		0.83		-0.86		-1.24								2009		-1.03		9.14		-1.2519444444

		1891		-0.52		-0.8		-1.02		-0.48		0.87		1.01		1.13		0.64		0.3		0.89		0.03		-0.18		0.16		-1.02		1.13		-0.47		0.58								2010		-1.06		-99.86		-1.3013888889

		1892		-1.15		-1.42		-0.96		-1.32		-2.76		-1.94		-1.65		-2.85		-2.46		-2.82		-2.36		-1.13		-1.90		-2.85		-0.96		-1.40		-2.16								2011		-1.81		-70.86		-1.5352777778

		1893		-0.51		-0.67		-0.93		-1.6		-2.45		-2.13		-2.14		-0.41		0.06		-0.54		-0.71		-1.49		-1.13		-2.45		0.06		-1.59		-1.45								2012		-1.73		-162.86		-1.5702777778

		1894		-1.42		-2.17		-3.2		-3.15		-3.35		-2.75		-2.98		-1.91		-2.02		-2.56		-2.77		-1.17		-2.45		-3.35		-1.17		-1.44		-2.69								2013		-1.17		69.14		-0.7816666667

		1895		-0.86		-0.64		-0.65		-1.13		-0.48		-0.74		0.43		-0.16		-1.34		-0.84		-1.23		-0.27		-0.66		-1.34		0.43		-0.33		-0.57								2014		0.55		197.14		0.1033333333

		1896		0.32		0.2		-0.17		-0.91		-1.32		-0.68		-0.32		-0.18		0.99		0.26		0.29		0.21		-0.11		-1.32		0.99		0.04		-0.40								2015		0.92		193.14		0.7166666667

		1897		0.38		-0.29		-0.62		-0.06		0.67		0.8		0.57		0		-0.7		0.31		0.58		0.05		0.14		-0.70		0.80		0.03		0.21								2016		0.67		-43.86		0.4997222222

		1898		-0.08		-0.27		-0.42		0.21		-0.39		0.29		-0.36		0.43		0.29		0.27		0.55		0.6		0.09		-0.42		0.60		-0.09		0.08								2017		-0.10		32.14		0.0686111111

		1899		0.08		-1.27		-0.75		-0.51		-1.07		-1.48		-0.14		0.32		0.35		-0.37		0.3		0.32		-0.35		-1.48		0.35		0.31		-0.42								2018		-0.37		-59.86		-0.2086111111

		1900		0.81		0.2		0.61		1.85		1.49		1.23		1.07		1.15		-0.4		0.08		0.57		1.02		0.81		-0.40		1.85		0.52		1.07								2019		-0.16		-52.86		-0.5577777778

		1901		1.13		0.65		-0.33		-0.45		-0.99		-0.84		-1.33		-0.73		-0.07		0.25		-0.08		0.56		-0.19		-1.33		1.13		0.51		-0.74								2020		-1.14		8.14		-1.0586111111

		1902		1.37		0.53		0.4		0.64		1.36		2.33		3.04		1.81		0.89		1.11		0.74		0.44		1.22		0.40		3.04		0.36		1.68								2021		-1.87		-35.86		-1.7116666667

		1903		-0.04		0.1		-0.19		-1.08		-0.37		0.04		1.49		1.35		0.54		0.72		0.22		0.6		0.28		-1.08		1.49		0.70		0.33								2022		-2.12		157.14		-2.0816666667

		1904		1.41		0.54		0.72		0.07		0.47		-0.07		0.05		1.64		2.24		1.8		1.93		3.12		1.16		-0.07		3.12		2.06		0.73								2023		-2.25		179.57

		1905		2.75		1.71		1.04		2.05		1.31		1.56		2.31		2.41		2.1		-0.41		0.74		-0.98		1.38		-0.98		2.75		0.41		1.96								 				 

		1906		1.36		1.26		0.5		0.43		1.45		0.93		1.35		0.94		0.11		0.94		0.89		-0.43		0.81		-0.43		1.45		-0.25		0.87										Mean PDO		Anomaly Hours above MHW

		1907		-0.68		-0.36		-1.88		-1.58		0.23		0.96		0.59		-0.31		0.78		1.84		1.77		1.94		0.28		-1.88		1.94		1.58		0.11								Mean PDO		1

		1908		1.72		1.67		0.51		-0.08		0.16		0.21		0.42		-0.72		0.71		0.94		1.88		1.34		0.73		-0.72		1.88		1.11		0.12								Anomaly Hours above MHW		0.3258438442		1

		1909		0.69		0.86		0.93		0.28		-0.17		-0.65		-1.39		-2.3		-1.97		-1.25		-1.36		-2.21		-0.71		-2.30		0.93		-1.44		-1.03

		1910		-1.71		-1.23		-0.9		-1.97		-2.33		-0.35		-0.08		-0.73		0.73		-0.96		-0.59		0.39		-0.81		-2.33		0.73		-0.66		-0.79								R2		0.0103244781

		1911		-0.3		-1.21		-1.26		-0.56		-0.71		-1.51		-0.38		0.08		-0.26		-0.12		-0.38		-0.97		-0.63		-1.51		0.08		-0.36		-0.56								Correlation		0.1016094391

		1912		-0.21		-0.02		-0.44		-0.51		-0.04		0.45		0.26		0.34		1.23		0.82		0.05		0.06		0.17		-0.51		1.23		0.09		0.29

		1913		-0.25		0.11		-0.23		-0.85		0.1		0.32		0.9		1.12		0.76		0.4		0.44		0.11		0.24		-0.85		1.12		0.07		0.39

		1914		-0.28		-0.3		0.04		0.82		0.47		-0.83		-1.01		-0.97		-1.17		-0.74		-0.35		-0.07		-0.37		-1.17		0.82		-0.29		-0.45

		1915		-0.42		-0.53		0.35		1.26		1.54		1.53		1.24		0.5		-0.08		-1.51		-1.45		-0.82		0.13		-1.51		1.54		-1.37		1.00

		1916		-1.56		-1.55		-1.3		-0.59		-0.49		-1.69		-1.68		-2.24		-2.05		-1.82		-2.48		-2.44		-1.66		-2.48		-0.49		-2.02		-1.46

		1917		-1.71		-1.73		-1.94		-1.78		-1.19		-1.06		-0.9		-0.75		-1.15		-1.42		-0.74		-0.52		-1.24		-1.94		-0.52		-0.56		-1.14

		1918		0.42		-0.13		-0.94		-0.85		-1.07		-0.57		0		0.22		0.41		1.31		1.33		0.55		0.06		-1.07		1.33		0.50		-0.31

		1919		0.47		-0.05		-0.64		-0.63		-1.05		-1.53		-1.87		-0.92		-0.31		-0.6		-0.77		-0.39		-0.69		-1.87		0.47		-0.75		-1.05

		1920		-1.08		-0.77		-0.9		-1.33		-1.24		-1.28		-1.59		-2.26		-2.19		-1.79		-0.8		-0.69		-1.33		-2.26		-0.69		-1.13		-1.65

		1921		-1.09		-1.55		-0.85		-1.63		-1.5		-1.05		-1.58		-2.01		-1.5		-1.58		-0.81		0		-1.26		-2.01		0.00		-0.87		-1.55

		1922		0.07		-1.26		-1.63		-1.81		-1.89		-1.27		-0.74		-0.56		-0.49		-0.27		-0.74		0.46		-0.84		-1.89		0.46		-0.35		-1.13

		1923		0.24		-0.75		-1.01		-0.51		0.18		-0.98		0.6		0.21		-0.25		0.26		-0.26		-0.22		-0.21		-1.01		0.60		-0.34		-0.13

		1924		-0.7		-0.67		-0.47		-1.23		-0.53		-0.39		-1.01		-1.41		-1.73		-2.13		-1.4		-0.27		-1.00		-2.13		-0.27		-1.00		-1.05

		1925		-0.93		-0.62		-0.65		-1.14		-0.51		-1.03		-0.69		-0.72		0.09		0.26		0.94		0.72		-0.36		-1.14		0.94		0.92		-0.67

		1926		1.12		1.26		1.23		1.81		2.29		1.63		2.14		1.7		1.62		1.79		2.55		2.11		1.77		1.12		2.55		1.60		1.87

		1927		0.91		1.33		0.89		-0.03		-0.12		0.56		-0.28		-0.76		0.03		-0.63		-0.24		-0.08		0.13		-0.76		1.33		0.19		-0.10

		1928		0.45		0.75		0.88		0.42		0.48		0.96		-0.68		-0.86		-1.79		-1.05		0.09		0.6		0.02		-1.79		0.96		0.13		-0.25

		1929		0.83		0.24		0.04		0.23		0.48		0.6		0.03		-0.12		1.01		1.02		0.64		1.55		0.55		-0.12		1.55		0.93		0.37

		1930		1.29		0.77		0.3		0.19		0.1		0.02		0		-0.2		0.33		0.01		-0.02		0.84		0.30		-0.20		1.29		0.73		0.07

		1931		1.25		1.18		1.14		1.61		2		1.76		2.08		0.74		0.85		0.09		-0.21		-0.84		0.97		-0.84		2.08		-0.74		1.51

		1932		-1.22		-1.63		-0.65		0.49		-0.03		-0.15		-0.23		-0.29		-1.14		-0.02		-0.32		0.16		-0.42		-1.63		0.49		-0.50		-0.23

		1933		-0.7		-1.08		-1.05		-0.84		-1.83		-2.36		-3.32		-2.92		-2.97		-1.83		-0.49		-0.66		-1.67		-3.32		-0.49		-0.40		-2.37

		1934		-0.41		0.1		0.88		1.26		0.79		-0.27		0.18		1.23		1.13		1.91		1.64		1.51		0.83		-0.41		1.91		0.94		0.72

		1935		0.72		0.11		-0.26		0.1		0.73		1.23		0.62		0.35		0.42		0.4		0.23		1.53		0.52		-0.26		1.53		1.19		0.58

		1936		2.17		1.6		1.19		1.19		1.64		2.24		2.79		1.95		0.98		2.15		2.83		1.52		1.85		0.98		2.83		0.97		1.80

		1937		0.06		-0.45		-0.28		-0.69		-0.39		1.16		-0.32		-0.98		0.01		0.52		0.97		1.06		0.06		-0.98		1.16		0.65		-0.20

		1938		1.53		0.28		-0.45		-0.22		-0.59		-0.62		-0.63		-0.57		-0.26		0.78		0.04		1.14		0.04		-0.63		1.53		0.40		-0.48

		1939		1.17		-0.1		-0.63		0.03		0.12		-0.07		-1.1		-1.31		-1.54		-1.49		-0.9		1.44		-0.37		-1.54		1.44		0.72		-0.65

		1940		1.82		1.55		1.87		2.06		1.76		2.07		1.82		1.31		1.09		1.28		1.55		2.68		1.74		1.09		2.68		2.25		1.69

		1941		2.67		2.86		2.43		2.31		2.07		2.83		3.01		3.22		2.04		1.14		1.51		2.21		2.36		1.14		3.22		1.74		2.58

		1942		2.48		1.96		1.11		0.97		0.53		0.77		0.58		0.6		0.37		0.23		-0.13		-0.93		0.71		-0.93		2.48		-0.47		0.64

		1943		-1.62		-0.7		0.32		1.28		0.58		-0.14		-0.22		-1.88		-1.61		-1.48		-0.18		1.98		-0.31		-1.88		1.98		0.27		-0.33

		1944		1.58		0.25		-0.53		-0.87		-1.76		-2.1		-1.49		-1		-1.94		-1.5		-0.81		-0.48		-0.89		-2.10		1.58		-0.55		-1.53

		1945		-0.09		-0.34		-0.06		-0.37		-0.38		0.16		0.31		-0.61		-0.57		-0.42		-1.34		-1.99		-0.48		-1.99		0.31		-0.58		-0.24

		1946		-1.1		0.67		0.73		0.67		-0.45		-0.63		-0.07		-0.17		-0.15		-1.23		-1.82		-1.66		-0.43		-1.82		0.73		-0.72		-0.13

		1947		-0.15		0.22		0.31		0.1		-0.36		0.67		0.78		0.61		0.4		1.39		0.61		0.43		0.42		-0.36		1.39		0.21		0.37

		1948		0.27		-0.32		-1.11		-1.13		-1.78		0.01		-0.1		-1.07		-1.07		-1.74		-0.92		-1.85		-0.90		-1.85		0.27		-2.05		-0.86

		1949		-2.82		-3.17		-1.82		-1.54		-1.37		-1.21		-1.48		-1.61		-1.6		-2.29		-1.08		-0.93		-1.74		-3.17		-0.93		-1.66		-1.47

		1950		-1.61		-2.17		-1.89		-1.99		-3.19		-2.52		-3.65		-2.98		-2.4		-1.92		-1.45		-1.06		-2.24		-3.65		-1.06		-1.48		-2.79

		1951		-1.19		-1.52		-1.72		-1.35		-1.29		-1.77		-0.23		-1.76		-0.78		-0.09		-0.31		-1.45		-1.12		-1.77		-0.09		-1.18		-1.20

		1952		-2.19		-1.35		-1.67		-1.92		-2.07		-2.13		-2.05		-1.58		-1.36		-0.91		-0.53		-0.83		-1.55		-2.19		-0.53		-0.69		-1.85

		1953		-0.16		-0.46		-1.27		-0.9		-0.55		-0.2		0.06		-0.92		-1.11		-1.48		-0.51		-0.18		-0.64		-1.48		0.06		-0.90		-0.60

		1954		-1.13		-0.95		-1.15		-1.25		-0.76		0.49		-0.08		-0.32		-1.05		0.02		0.85		0.49		-0.40		-1.25		0.85		-0.19		-0.50

		1955		-0.23		-1.01		-1.24		-2.21		-1.89		-2.18		-2.75		-2.66		-2.48		-3.35		-2.63		-2.2		-2.07		-3.35		-0.23		-2.61		-2.36

		1956		-2.26		-2.28		-2.93		-2.55		-1.62		-1.98		-1.48		-1		-0.28		-1.66		-2.44		-1.27		-1.81		-2.93		-0.28		-1.51		-1.49

		1957		-1.31		-1.57		-0.83		-0.81		-0.02		1.53		0.59		0.34		1.84		1.72		1.54		0.46		0.29		-1.57		1.84		1.02		0.58

		1958		0.83		0.94		0.62		0.56		1.46		1.82		0.61		1.06		0.77		0.28		0.28		1.14		0.86		0.28		1.82		0.49		1.05

		1959		1.04		0.35		-0.14		-0.16		-0.13		0.23		-0.42		-0.31		-0.53		0.96		1.38		1.02		0.27		-0.53		1.38		0.74		-0.22

		1960		0.24		0.61		0.23		0.21		0.35		1.2		-0.42		-0.31		-0.96		-0.34		-0.34		0		0.04		-0.96		1.20		0.30		0.01

		1961		0.89		0.92		0.64		0.28		-0.54		-0.7		-1.23		-0.87		-1.34		-1.78		-1.43		-1.73		-0.57		-1.78		0.92		-1.31		-0.73

		1962		-1		-0.87		-1.06		-0.95		-1.3		-1.71		-1.83		-0.66		-1.47		-1.76		-0.38		-0.23		-1.10		-1.83		-0.23		-0.40		-1.32

		1963		0.12		0.15		-0.28		-0.27		-1.26		-0.6		-1.11		-1.01		1.08		0.34		-0.5		0.45		-0.24		-1.26		1.08		0.02		-0.53

		1964		0.34		0.21		-0.71		-1.27		-2.39		-0.86		-1.08		-1.6		-1.35		-0.64		-0.68		-0.62		-0.89		-2.39		0.34		-0.61		-1.43

		1965		-0.95		-0.61		-0.17		-0.01		-0.66		-0.76		-0.74		0.32		0.83		0.3		0.47		0.25		-0.14		-0.95		0.83		-0.18		-0.17

		1966		-0.67		-0.43		-1		-0.37		-0.76		0.1		0.01		-0.29		-0.35		-0.6		-0.71		-0.21		-0.44		-1.00		0.10		-0.47		-0.28

		1967		-0.24		-0.25		-0.8		-1.13		-1.54		-1.2		-1.21		-1.55		-0.6		-0.06		0.36		-0.68		-0.74		-1.55		0.36		-0.19		-1.21

		1968		-0.65		-0.19		0.08		-0.69		-0.79		0.14		0.44		-0.01		0.26		-0.18		0.03		-0.29		-0.15		-0.79		0.44		-0.60		-0.11

		1969		-0.71		-1.22		-1.21		-1.07		-1.06		0.84		-0.37		-0.92		-1.07		0.95		0.58		1.13		-0.34		-1.22		1.13		0.99		-0.61

		1970		1.06		1.01		1.2		0.31		-0.89		-0.12		-0.92		-1.79		-1.68		-1.2		-0.92		-0.91		-0.40		-1.79		1.20		-1.23		-0.85

		1971		-1.34		-1.45		-1.55		-1.7		-1.75		-1.86		-2.25		-0.32		-0.17		-0.35		-1.28		-1.77		-1.32		-2.25		-0.17		-1.50		-1.34

		1972		-2.12		-1.95		-1.53		-1.7		-2.16		-1.84		-1.48		-0.11		-0.2		-0.22		-0.05		-0.37		-1.14		-2.16		-0.05		-0.37		-1.25

		1973		-0.15		-0.55		-0.88		-1.35		-1.59		-1.44		-1.4		-1.56		-1.05		-1.36		-1.42		-0.89		-1.14		-1.59		-0.15		-1.19		-1.40

		1974		-0.86		-1.38		-1.21		-0.62		-0.72		-0.37		0.02		-0.27		0.71		0.19		0.61		0.27		-0.30		-1.38		0.71		-0.26		-0.21

		1975		-0.65		-0.93		-1.07		-1.79		-2.08		-1.61		-0.84		-1.56		-1.6		-1.59		-1.73		-1.49		-1.41		-2.08		-0.65		-1.37		-1.58

		1976		-1.08		-1.01		-1.31		-1.38		-1.23		-1.26		0.28		0.97		0.58		1.12		1.33		1.2		-0.15		-1.38		1.33		1.17		-0.34

		1977		1.24		1.51		0.62		-0.25		-0.47		0.03		-0.06		-0.09		-0.64		-0.84		-0.45		-0.06		0.05		-0.84		1.51		0.19		-0.25

		1978		0.58		0.78		1.13		1.03		0.77		0.33		-1.62		-0.91		-0.78		0.07		-0.01		-0.51		0.07		-1.62		1.13		-0.47		-0.20

		1979		-0.38		-1.29		-0.68		-0.12		0.57		0.22		0.3		0.05		0.88		1.1		0.58		0.06		0.11		-1.29		1.10		0.50		0.32

		1980		0.06		0.58		0.62		0.78		0.64		-0.72		-0.21		0.08		-0.13		0.99		0.71		0.3		0.31		-0.72		0.99		0.94		0.07

		1981		1.18		1.24		1.22		1.07		1.29		1.82		0.82		-0.05		0.43		-0.09		0.54		0.59		0.84		-0.09		1.82		0.10		0.90

		1982		0.11		-0.19		-0.37		-0.7		-1.21		-0.99		0.12		-0.08		0.51		0.15		-0.6		0.16		-0.26		-1.21		0.51		0.47		-0.39

		1983		0.4		0.97		1.73		1.26		1.01		1.9		2.47		1.18		0.47		0.68		1.19		1.72		1.25		0.40		2.47		1.30		1.38

		1984		1.42		1.23		1.56		1		0.87		-0.13		-0.35		0.01		0.18		0.43		0.54		0.48		0.60		-0.35		1.56		0.41		0.26

		1985		0.87		0.48		-0.34		-0.52		-0.87		0.04		0.52		0.19		0.13		0.14		-0.65		0.33		0.03		-0.87		0.87		0.67		-0.09

		1986		1.04		1.47		1.68		1.21		0.85		0.62		1.05		-0.19		-0.03		1		1.68		1.71		1.01		-0.19		1.71		1.45		0.59

		1987		1.47		1.46		1.35		1.38		0.82		0.05		1.38		1.74		1.44		0.68		0.93		0.94		1.14		0.05		1.74		0.62		1.14

		1988		0.23		0.47		0.49		0.34		0.37		0.21		-0.15		-0.88		-0.98		-0.36		-0.06		-0.14		-0.04		-0.98		0.49		-0.75		-0.18

		1989		-1.24		-1.45		-1.24		-0.32		-0.09		0.11		0.56		-0.44		-0.57		-0.51		-0.76		-0.1		-0.50		-1.45		0.56		-0.72		-0.13

		1990		-0.42		-1.28		-1.24		-0.15		-0.32		-0.25		-0.31		-0.43		-0.26		-1.16		-1.88		-2.22		-0.83		-2.22		-0.15		-1.54		-0.29

		1991		-1.8		-1.09		-1.11		-1.63		-1.65		-2.25		-1.57		-0.58		0.37		0.41		0.56		-0.21		-0.88		-2.25		0.56		0.19		-1.22

		1992		0.08		0.17		0.12		0.55		1.26		1.22		1.5		0.85		0.45		1.28		1.31		0.33		0.76		0.08		1.50		0.48		0.97

		1993		-0.28		0.02		0.24		1		1.79		2.05		1.48		1.96		1.15		1.31		1.13		0.67		1.04		-0.28		2.05		0.76		1.57

		1994		0.85		0.33		0.27		0.49		0.55		0.1		-0.91		-0.88		-1.51		-1.06		-1.93		-2.22		-0.49		-2.22		0.85		-0.93		-0.36

		1995		-0.86		0.02		0.46		0.49		0.89		1.03		1		-0.11		1.22		0.64		0.05		0.44		0.44		-0.86		1.22		0.67		0.75

		1996		1.01		1.01		0.85		1.37		2.13		1.1		0.57		-0.66		0.07		0.4		0.38		-0.03		0.68		-0.66		2.13		0.31		0.76

		1997		0.44		0.29		0.39		0.73		1.59		2.55		1.49		2.27		1.8		1.78		1.48		0.99		1.32		0.29		2.55		1.35		1.74

		1998		1.05		1.52		1.29		0.03		-0.83		-0.78		-1.16		-0.87		-1.7		-2.23		-0.97		-1.09		-0.48		-2.23		1.52		-1.22		-0.89

		1999		-0.78		-1.06		-1.18		-1.85		-2.32		-2.34		-1.87		-1.84		-2.24		-2.54		-2.18		-1.92		-1.84		-2.54		-0.78		-1.80		-2.08

		2000		-2.2		-1.28		-0.66		-0.63		-0.81		-0.64		-1.51		-1.68		-1.45		-1.61		-1.04		0		-1.13		-2.20		0.00		-0.43		-1.12

		2001		0.48		-0.01		-0.41		-1.18		-1.12		-1.22		-2.21		-1.68		-1.98		-1.91		-1.25		-1.12		-1.13		-2.21		0.48		-1.25		-1.57

		2002		-0.42		-1.51		-1.27		-1.23		-1.3		-1.18		-0.71		0.11		-0.21		-0.2		1.08		1.57		-0.44		-1.51		1.57		1.02		-0.75

		2003		1.45		1.23		1.01		0.36		0.21		-0.42		0.37		0.63		-0.17		0.74		-0.23		-0.6		0.38		-0.60		1.45		-0.17		0.16

		2004		-0.55		-0.21		-0.15		0		0.61		-0.11		0.04		0.24		0.02		-0.72		-1.22		-0.64		-0.22		-1.22		0.61		-0.34		0.13

		2005		-0.15		-0.01		0.7		0.28		1.36		0.85		0.11		-0.42		-0.99		-2		-1.89		-0.1		-0.19		-2.00		1.36		-0.64		0.20

		2006		0.54		0.38		-0.74		-0.54		-0.37		0.21		0.39		-0.85		-1.54		-0.46		-0.81		-0.42		-0.35		-1.54		0.54		-0.70		-0.45

		2007		-0.69		-0.71		-1.1		-0.46		-0.29		-0.07		0.43		0.09		-0.97		-2.33		-1.46		-0.87		-0.70		-2.33		0.43		-1.48		-0.21

		2008		-1.5		-1.46		-1.26		-1.79		-1.62		-1.85		-1.96		-1.85		-1.87		-1.9		-1.59		-1.31		-1.66		-1.96		-1.26		-1.74		-1.82

		2009		-1.81		-1.78		-2.06		-2.23		-1.32		-0.73		-0.71		-0.49		0.33		-0.13		-0.94		-0.51		-1.03		-2.23		0.33		-0.24		-0.86

		2010		0.05		0.25		-0.16		-0.04		-0.18		-0.79		-1.99		-2.21		-2.45		-1.6		-1.57		-2.04		-1.06		-2.45		0.25		-1.63		-1.28

		2011		-1.8		-1.46		-1.28		-1.02		-0.66		-1.08		-2.3		-2.37		-2.5		-1.92		-2.95		-2.4		-1.81		-2.95		-0.66		-2.02		-1.66

		2012		-1.85		-1.35		-1.66		-1.01		-2.12		-1.63		-2.4		-2.6		-2.99		-1.22		-0.66		-1.31		-1.73		-2.99		-0.66		-1.20		-2.13

		2013		-1.1		-1.42		-1.48		-0.72		-0.4		-1.19		-1.34		-1.56		-1		-1.65		-1.09		-1.04		-1.17		-1.65		-0.40		-0.75		-1.04

		2014		-0.57		-0.42		0.3		0.36		1.27		-0.28		0.25		0.34		0.76		1.43		1.35		1.86		0.55		-0.57		1.86		1.50		0.45

		2015		1.51		1.52		1.33		0.9		0.32		0.82		1.41		0.98		0.97		0.84		0.17		0.29		0.92		0.17		1.52		0.82		0.90

		2016		0.75		1.29		1.56		1.74		1.6		0.87		0.57		-0.63		-0.8		-0.43		0.96		0.61		0.67		-0.80		1.74		0.20		0.56

		2017		-0.05		-0.01		0.1		0.56		0.45		0.35		-0.43		-0.63		-0.2		-0.68		-0.59		-0.03		-0.10		-0.68		0.56		-0.29		0.02

		2018		0.38		-0.09		-0.72		-0.82		-0.46		-0.66		-0.01		-0.24		-0.35		-0.57		-0.71		-0.21		-0.37		-0.82		0.38		-0.49		-0.42

		2019		-0.34		-0.72		-0.4		0.09		0.26		-0.06		0.54		0.01		0.13		-0.9		-0.5		0		-0.16		-0.90		0.54		-1.01		0.16

		2020		-1.41		-1.48		-1.75		-1.32		-0.53		-0.75		-0.92		-1.33		-1.04		-0.62		-1.59		-0.99		-1.14		-1.75		-0.53		-1.10		-0.98

		2021		-0.61		-1.09		-1.68		-1.84		-2.01		-1.81		-1.96		-0.94		-1.96		-3.13		-2.75		-2.71		-1.87		-3.13		-0.61		-2.43		-1.75

		2022		-2.4		-1.91		-1.67		-2.1		-2.25		-1.33		-2.62		-2.39		-2.29		-1.82		-2.41		-2.21		-2.12		-2.62		-1.33		-1.97		-2.16

		2023		-1.25		-1.65		-2.45		-3.07		-2.42		-2.53		-2.52		-2.47		-2.98		-2.24		-1.79		-1.68		-2.25		-3.07		-1.25		-1.72		-2.67

		2024		-1.54		-1.33		99.99		99.99		99.99		99.99		99.99		99.99		99.99		99.99		99.99		99.99		83.09		-1.54		99.99		99.99		99.99
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Mean Annual PDO



Mean PDO	1974	1975	1976	1977	1978	1979	1981	1981	1982	1983	1984	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	-0.3	-1.4116666666666668	-0.14916666666666661	4.5000000000000019E-2	7.1666666666666587E-2	0.10749999999999998	0.30833333333333335	0.83833333333333326	-0.25750000000000001	1.2483333333333333	0.60333333333333339	-0.2	2.6666666666666668E-2	1.0075000000000001	1.1366666666666665	-3.8333333333333323E-2	-0.50416666666666654	-0.82666666666666666	-0.87916666666666676	0.76000000000000012	1.0433333333333334	-0.49333333333333335	0.43916666666666671	0.68333333333333357	1.3166666666666667	-0.47833333333333328	-1.843333333333333	-1.1258333333333332	-1.1341666666666665	-0.43916666666666654	0.38166666666666665	-0.22416666666666665	-0.18833333333333332	-0.35083333333333333	-0.70250000000000001	-1.6633333333333331	-1.0316666666666667	-1.0608333333333333	-1.8116666666666665	-1.7333333333333332	-1.1658333333333335	0.55416666666666659	0.92166666666666675	0.67416666666666669	-9.6666666666666665E-2	-0.37166666666666665	-0.1575	-1.1441666666666668	-1.8741666666666665	-2.1166666666666667	-2.2541666666666664	







Mean 3-Year Annual PDO



Mean 3-Year PDO	1975	1976	1977	1978	1979	1981	1981	1982	1983	1984	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	-0.62027777777777782	-0.50527777777777783	-1.0833333333333339E-2	7.4722222222222204E-2	0.16249999999999998	0.41805555555555557	0.29638888888888881	0.60972222222222217	0.53138888888888891	0.55055555555555558	0.14333333333333334	0.27805555555555556	0.72361111111111109	0.70194444444444448	0.19805555555555554	-0.4563888888888889	-0.73666666666666669	-0.31527777777777782	0.30805555555555558	0.43666666666666676	0.32972222222222225	0.20972222222222228	0.81305555555555564	0.50722222222222224	-0.33499999999999991	-1.1491666666666667	-1.3677777777777775	-0.89972222222222209	-0.39722222222222214	-9.3888888888888841E-2	-1.0277777777777775E-2	-0.25444444444444442	-0.41388888888888892	-0.90555555555555545	-1.1325000000000001	-1.2519444444444445	-1.3013888888888889	-1.5352777777777777	-1.5702777777777779	-0.78166666666666673	0.10333333333333328	0.71666666666666667	0.49972222222222223	6.8611111111111123E-2	-0.20861111111111111	-0.55777777777777782	-1.0586111111111112	-1.7116666666666667	-2.0816666666666666	







https://www.ncei.noaa.gov/access/monitoring/pdo/https://www.ncei.noaa.gov/access/monitoring/pdo/

MHW Table

		MHW Year		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Average		Over MHW Hours Total		Over MHW Fall-Winter		Percent Fall-Winter Season		Anomaly Over MHW Total		Anomaly Over MHW Fall-Winter		Rank		MHW Year		Anomaly Over MHW Fall-Winter (Hours > MHW)		Rank		Return Period (T)		Counting Rate (u)		   10-year Probability of Occurrence		25-year Probability of Occurrence		50-year Probability of Occurrence		100-year Probability of Occurrence

		1974		188		169		187		133		113		105		126		75		98		91		163		188		136.3333333333		1636		983		60.1%		-72.8		-57.86		1		1997		386.14		1		51.0		0.02		17.97%		39.05%		62.85%		86.20%

		1975		186		174		181		89		86		69		82		93		84		175		178		173		130.8333333333		1570		1049		66.8%		-138.8		8.14		2		1982		333.14		2		25.5		0.04		32.97%		63.22%		86.47%		98.17%

		1976		182		175		166		143		134		126		128		127		115		118		126		165		142.0833333333		1705		863		50.6%		-3.8		-177.86		3		2015		197.14		3		17.0		0.06		45.46%		78.03%		95.17%		99.77%				  

		1977		154		155		145		71		119		96		100		128		139		147		176		228		138.1666666667		1658		1129		68.1%		-50.8		88.14		4		1998		194.14		4		12.8		0.08		55.81%		87.02%		98.32%		99.97%

		1978		233		194		151		147		105		108		83		102		133		115		113		144		135.6666666667		1628		931		57.2%		-80.8		-109.86		5		2016		193.14		5		10.2		0.10		64.37%		92.42%		99.43%		100.00%				 

		1979		164		183		212		118		80		61		95		100		129		163		155		196		138		1656		1049		63.3%		-52.8		8.14		6		1994		173.14		6		8.5		0.12		71.40%		95.62%		99.81%		100.00%

		1980		188		191		156		126		95		101		95		93		129		138		153		193		138.1666666667		1658		974		58.7%		-50.8		-66.86		7		2023		157.14		7		7.3		0.14		77.15%		97.51%		99.94%		100.00%

		1981		182		159		149		126		107		124		89		115		115		160		185		216		143.9166666667		1727		1112		64.4%		18.2		71.14		8		2009		111.14		8		6.4		0.16		81.85%		98.60%		99.98%		100.00%

		1982		184		183		184		169		65		104		101		111		123		185		203		235		153.9166666667		1847		1374		74.4%		138.2		333.14		9		1977		88.14		9		5.7		0.18		85.65%		99.22%		99.99%		100.00%

		1983		262		241		248		144		110		114		134		135		118		128		242		181		171.4166666667		2057		1033		50.2%		348.2		-7.86		10		2003		85.14		10		5.1		0.20		88.72%		99.57%		100.00%		100.00%

		1984		154		168		160		132		133		88		84		117		124		155		236		163		142.8333333333		1714		943		55.0%		5.2		-97.86		11		1981		71.14		11		4.6		0.22		91.19%		99.77%		100.00%		100.00%

		1985		143		118		128		109		92		93		87		109		126		139		115		135		116.1666666667		1394		988		70.9%		-314.8		-52.86		12		2005		69.14		12		4.3		0.24		93.16%		99.88%		100.00%		100.00%

		1986		223		194		182		101		108		96		94		95		111		117		157		192		139.1666666667		1670		1019		61.0%		-38.8		-21.86		13		2014		69.14		13		3.9		0.25		94.73%		99.94%		100.00%		100.00%

		1987		185		175		193		95		105		83		102		87		109		108		144		213		133.25		1599		901		56.3%		-109.8		-139.86		14		1996		66.14		14		3.6		0.27		95.96%		99.97%		100.00%		100.00%

		1988		191		118		127		123		121		97		91		93		92		92		192		133		122.5		1470		860		58.5%		-238.8		-180.86		15		1995		45.14		15		3.4		0.29		96.93%		99.98%		100.00%		100.00%

		1989		145		117		181		113		99		94		100		108		106		129		120		134		120.5		1446		882		61.0%		-262.8		-158.86		16		2002		35.14		16		3.2		0.31		97.68%		99.99%		100.00%		100.00%

		1990		196		168		135		104		99		113		106		109		110		132		183		155		134.1666666667		1610		969		60.2%		-98.8		-71.86		17		2018		32.14		17		3.0		0.33		98.27%		100.00%		100.00%		100.00%

		1991		164		166		169		115		92		85		89		129		94		102		161		188		129.5		1554		1060		68.2%		-154.8		19.14		18		1991		19.14		18		2.8		0.35		98.71%		100.00%		100.00%		100.00%

		1992		232		213		164		149		91		97		120		116		110		143		137		183		146.25		1755		997		56.8%		46.2		-43.86		19		2010		9.14		19		2.7		0.37		99.05%		100.00%		100.00%		100.00%

		1993		192		166		176		180		179		142		111		118		102		115		103		193		148.0833333333		1777		952		53.6%		68.2		-88.86		20		1975		8.14		20		2.6		0.39		99.31%		100.00%		100.00%		100.00%

		1994		189		181		171		125		104		114		92		110		105		131		183		244		145.75		1749		1214		69.4%		40.2		173.14		21		1979		8.14		21		2.4		0.41		99.50%		100.00%		100.00%		100.00%

		1995		266		168		222		123		104		106		119		119		128		131		189		241		159.6666666667		1916		1086		56.7%		207.2		45.14		22		2021		8.14		22		2.3		0.43		99.65%		100.00%		100.00%		100.00%

		1996		194		199		132		179		111		90		113		111		121		140		150		244		148.6666666667		1784		1107		62.1%		75.2		66.14		23		2001		4.14		23		2.2		0.45		99.75%		100.00%		100.00%		100.00%

		1997		224		148		201		121		138		154		124		150		178		208		237		233		176.3333333333		2116		1427		67.4%		407.2		386.14		24		1983		-7.86		24		2.1		0.47		99.83%		100.00%		100.00%		100.00%

		1998		291		273		185		130		125		102		112		90		103		125		245		193		164.5		1974		1235		62.6%		265.2		194.14		25		1986		-21.86		25		2.0		0.49		99.88%		100.00%		100.00%		100.00%

		1999		210		241		221		87		95		98		100		113		85		111		184		187		144.3333333333		1732		1002		57.9%		23.2		-38.86		26		2007		-23.86		26		2.0		0.51		99.92%		100.00%		100.00%		100.00%

		2000		186		186		148		106		132		107		102		101		113		138		118		146		131.9166666667		1583		846		53.4%		-125.8		-194.86		27		2022		-35.86		27		1.9		0.53		99.95%		100.00%		100.00%		100.00%

		2001		171		133		140		109		90		86		85		108		103		118		193		219		129.5833333333		1555		1045		67.2%		-153.8		4.14		28		1999		-38.86		28		1.8		0.55		99.97%		100.00%		100.00%		100.00%

		2002		207		148		160		105		87		93		90		89		104		90		181		276		135.8333333333		1630		1076		66.0%		-78.8		35.14		29		1992		-43.86		29		1.8		0.57		99.98%		100.00%		100.00%		100.00%

		2003		219		131		179		174		103		85		91		120		110		180		171		232		149.5833333333		1795		1126		62.7%		86.2		85.14		30		2017		-43.86		30		1.7		0.59		99.99%		100.00%		100.00%		100.00%

		2004		203		191		149		120		104		111		111		128		144		154		124		177		143		1716		975		56.8%		7.2		-65.86		31		2006		-44.86		31		1.6		0.61		99.99%		100.00%		100.00%		100.00%

		2005		194		145		181		140		157		107		116		104		96		152		149		200		145.0833333333		1741		1110		63.8%		32.2		69.14		32		1985		-52.86		32		1.6		0.63		99.99%		100.00%		100.00%		100.00%

		2006		267		131		211		158		100		98		96		104		105		90		221		215		149.6666666667		1796		996		55.5%		87.2		-44.86		33		2020		-52.86		33		1.5		0.65		100.00%		100.00%		100.00%		100.00%

		2007		169		167		134		120		82		83		111		118		105		151		138		210		132.3333333333		1588		1017		64.0%		-120.8		-23.86		34		1974		-57.86		34		1.5		0.67		100.00%		100.00%		100.00%		100.00%

		2008		217		167		134		92		84		95		113		148		104		105		154		164		131.4166666667		1577		849		53.8%		-131.8		-191.86		35		2019		-59.86		35		1.5		0.69		100.00%		100.00%		100.00%		100.00%

		2009		138		146		142		91		113		117		107		124		124		147		208		183		136.6666666667		1640		1152		70.2%		-68.8		111.14		36		2004		-65.86		36		1.4		0.71		100.00%		100.00%		100.00%		100.00%

		2010		256		178		180		152		109		101		80		99		116		139		161		219		149.1666666667		1790		1050		58.7%		81.2		9.14		37		1980		-66.86		37		1.4		0.73		100.00%		100.00%		100.00%		100.00%

		2011		165		142		224		126		101		102		112		103		114		131		157		121		133.1666666667		1598		941		58.9%		-110.8		-99.86		38		2012		-70.86		38		1.3		0.75		100.00%		100.00%		100.00%		100.00%

		2012		174		152		206		158		96		122		114		115		100		142		189		240		150.6666666667		1808		970		53.7%		99.2		-70.86		39		1990		-71.86		39		1.3		0.76		100.00%		100.00%		100.00%		100.00%

		2013		151		126		122		105		94		105		95		116		151		115		127		117		118.6666666667		1424		878		61.7%		-284.8		-162.86		40		1993		-88.86		40		1.3		0.78		100.00%		100.00%		100.00%		100.00%

		2014		165		164		190		153		130		105		112		114		148		213		172		234		158.3333333333		1900		1110		58.4%		191.2		69.14		41		1984		-97.86		41		1.2		0.80		100.00%		100.00%		100.00%		100.00%

		2015		186		165		140		114		90		83		136		129		140		165		173		269		149.1666666667		1790		1238		69.2%		81.2		197.14		42		2011		-99.86		42		1.2		0.82		100.00%		100.00%		100.00%		100.00%

		2016		241		179		211		124		80		90		104		117		111		208		251		172		157.3333333333		1888		1234		65.4%		179.2		193.14		43		1978		-109.86		43		1.2		0.84		100.00%		100.00%		100.00%		100.00%

		2017		210		191		202		169		112		126		98		114		112		107		217		144		150.1666666667		1802		997		55.3%		93.2		-43.86		44		1987		-139.86		44		1.2		0.86		100.00%		100.00%		100.00%		100.00%

		2018		225		130		174		159		97		97		100		115		113		144		153		229		144.6666666667		1736		1073		61.8%		27.2		32.14		45		1989		-158.86		45		1.1		0.88		100.00%		100.00%		100.00%		100.00%

		2019		218		187		142		149		118		77		108		125		153		121		130		206		144.5		1734		981		56.6%		25.2		-59.86		46		2013		-162.86		46		1.1		0.90		100.00%		100.00%		100.00%		100.00%

		2020		240		142		142		108		134		106		104		107		133		122		148		190		139.6666666667		1676		988		58.9%		-32.8		-52.86		47		1976		-177.86		47		1.1		0.92		100.00%		100.00%		100.00%		100.00%

		2021		227		149		152		86		90		109		96		107		120		178		193		225		144.3333333333		1732		1049		60.6%		23.2		8.14		48		1988		-180.86		48		1.1		0.94		100.00%		100.00%		100.00%		100.00%

		2022		185		109		159		141		121		129		110		126		120		122		138		197		138.0833333333		1657		1005		60.7%		-51.8		-35.86		49		2008		-191.86		49		1.0		0.96		100.00%		100.00%		100.00%		100.00%

		2023		234		151		163		160		123		93		109		137		142		163		173		236		157		1884		1198		63.6%		175.2		157.14		50		2000		-194.86		50		1.0		0.98		100.00%		100.00%		100.00%		100.00%

		2024		232		205		189																				 		 												 

																												142.5272108844		1708.84		1040.86



Probability of Exceedance



Counting Rate (u)	386.1400000000001	333.1400000000001	197.1400000000001	194.1400000000001	193.1400000000001	173.1400000000001	157.1400000000001	111.1400000000001	88.1400000000001	85.1400000000001	71.1400000000001	69.1400000000001	69.1400000000001	66.1400000000001	45.1400000000001	35.1400000000001	32.1400000000001	19.1400000000001	9.1400000000001	8.1400000000001	8.1400000000001	8.1400000000001	4.1400000000001	-7.8599999999999	-21.8599999999999	-23.8599999999999	-35.8599999999999	-38.8599999999999	-43.8599999999999	-43.8599999999999	-44.8599999999999	-52.8599999999999	-52.8599999999999	-57.8599999999999	-59.8599999999999	-65.8599999999999	-66.8599999999999	-70.8599999999999	-71.8599999999999	-88.8599999999999	-97.8599999999999	-99.8599999999999	-109.8599999999999	-139.8599999999999	-158.8599999999999	-162.8599999999999	-177.8599999999999	-180.8599999999999	-191.8599999999999	-194.8599999999999	







Summary

		Annual																Fall-Winter				ONI								 

		Year		Mean PDO		SST ENSO3,4		ENSO SOI Traditional		ENSO Standard SL Pressure		Anomaly Over MHW Total		Anomaly Over MHW Fall-Winter				Year		Winter PDO		SST ENSO3,4		ENSO SOI Traditional		ENSO Standard SL Pressure		Anomaly Total MHW		Anomaly Fall-Winter

		1974		-0.303		-0.82		0.959		1.100		-72.8		-57.86				1974		0.105		-0.633		0.188		0.883		-72.840		-57.86

		1975		-1.412		-1.050		1.327		1.333		-138.8		8.14				1975		-1.473		-1.367		1.446		1.517		-138.840		8.14

		1976		-0.149		0.020		0.059		0.317		-3.8		-177.86				1976		1.223		0.683		-0.090		-0.300		-3.840		-177.86

		1977		0.045		0.450		-1.135		-0.633		-50.8		88.14				1977		-0.193		0.583		-1.350		-0.750		-50.840		88.14

		1978		0.072		-0.190		-0.288		-0.067		-80.8		-109.86				1978		-0.208		-0.017		-0.264		0.483		-80.840		-109.86

		1979		0.108		0.230		-0.263		0.142		-52.8		8.14				1979		0.450		0.500		-0.447		0.367		-52.840		8.14

		1980		0.308		0.250		-0.432		-0.067		-50.8		-66.86				1980		0.795		-0.200		-0.537		-0.117		-50.840		-66.86

		1981		0.838		-0.300		0.072		0.2		18.2		71.14				1981		0.29		-0.02		0.11		0.62		18.160		71.14

		1982		-0.258		0.990		-1.450		-0.9		138.2		333.14				1982		0.03		2.00		-3.00		-1.02		138.160		333.14

		1983		1.248		0.440		-0.948		-0.8		348.2		-7.86				1983		1.25		-0.67		-0.06		0.02		348.160		-7.86

		1984		0.603		-0.420		-0.138		0.1		5.2		-97.86				1984		0.58		-0.87		-0.05		0.15		5.160		-97.86

		1985		0.027		-0.580		-0.017		0.3		-314.8		-52.86				1985		0.22		-0.38		-0.25		0.35		-314.840		-52.86

		1986		1.008		0.220		-0.323		-0.1		-38.8		-21.86				1986		1.47		1.12		-1.14		0.08		-38.840		-21.86

		1987		1.137		1.300		-1.477		-0.9		-109.8		-139.86				1987		0.70		0.88		-0.38		-1.18		-109.840		-139.86

		1988		-0.038		-0.880		0.735		0.8		-238.8		-180.86				1988		-0.45		-1.55		1.18		0.90		-238.840		-180.86

		1989		-0.504		-0.550		0.617		0.7		-262.8		-158.86				1989		-0.45		0.02		-0.58		0.77		-262.840		-158.86

		1990		-0.827		0.320		-0.326		-0.1		-98.8		-71.86				1990		-1.77		0.33		-0.37		0.22		-98.840		-71.86

		1991		-0.879		0.580		-1.014		-0.6		-154.8		19.14				1991		0.21		1.38		-1.85		-0.60		-154.840		19.14

		1992		0.760		0.610		-1.228		-0.8		46.2		-43.86				1992		0.66		0.05		-1.10		-0.23		46.160		-43.86

		1993		1.043		0.370		-1.106		-0.7		68.2		-88.86				1993		0.99		0.10		-0.55		-0.78		68.160		-88.86

		1994		-0.493		0.450		-1.354		-0.8		40.2		173.14				1994		-1.52		0.83		-0.74		-1.08		40.160		173.14

		1995		0.439		-0.190		-0.335		-0.0		207.2		45.14				1995		0.54		-0.88		0.04		0.00		207.160		45.14

		1996		0.683		-0.420		0.561		0.7		75.2		66.14				1996		0.30		-0.38		0.19		0.72		75.160		66.14

		1997		1.317		1.210		-1.288		-0.7		407.2		386.14				1997		1.33		2.10		-1.99		-1.15		407.160		386.14

		1998		-0.478		-0.140		-0.225		-0.0		265.2		194.14				1998		-1.27		-1.40		1.05		0.55		265.160		194.14

		1999		-1.843		-1.160		0.786		0.9		23.2		-38.86				1999		-2.21		-1.45		1.02		0.45		23.160		-38.86

		2000		-1.126		-0.750		0.722		0.9		-125.8		-194.86				2000		-0.54		-0.60		0.98		0.47		-125.840		-194.86

		2001		-1.134		-0.260		-0.078		0.3		-153.8		4.14				2001		-1.18		-0.15		-0.13		-0.07		-153.840		4.14

		2002		-0.439		0.660		-0.722		-0.3		-78.8		35.14				2002		0.98		0.92		-0.80		-0.53		-78.840		35.14

		2003		0.382		0.180		-0.427		-0.1		86.2		85.14				2003		-0.16		0.33		-0.05		-0.12		86.160		85.14

		2004		-0.224		0.440		-0.632		-0.3		7.2		-65.86				2004		-0.68		0.62		-0.91		-0.30		7.160		-65.86

		2005		-0.188		0.060		-0.457		-0.2		32.2		69.14				2005		-0.86		-0.67		0.53		-0.12		32.160		69.14

		2006		-0.351		0.070		-0.282		0.0		87.2		-44.86				2006		-0.60		0.57		-0.56		-0.30		87.160		-44.86

		2007		-0.703		-0.640		0.034		0.3		-120.8		-23.86				2007		-1.54		-1.47		1.23		0.10		-120.840		-23.86

		2008		-1.663		-0.700		0.996		1.1		-131.8		-191.86				2008		-1.65		-0.65		1.10		0.62		-131.840		-191.86

		2009		-1.032		0.280		-0.131		0.2		-68.8		111.14				2009		-0.38		1.25		-1.23		0.18		-68.840		111.14

		2010		-1.061		-0.560		0.945		0.9		81.2		9.14				2010		-1.75		-1.38		2.09		1.38		81.160		9.14

		2011		-1.812		-0.780		1.395		1.4		-110.8		-99.86				2011		-2.28		-0.88		1.01		0.82		-110.840		-99.86

		2012		-1.733		-0.070		-0.182		0.1		99.2		-70.86				2012		-1.07		-0.15		0.04		-0.12		99.160		-70.86

		2013		-1.166		-0.320		0.347		0.5		-284.8		-162.86				2013		-1.09		-0.32		-0.08		0.58		-284.840		-162.86

		2014		0.554		0.100		-0.382		-0.1		191.2		69.14				2014		1.54		0.55		-0.80		-0.02		191.160		69.14

		2015		0.922		1.440		-1.174		-0.8		81.2		197.14				2015		0.51		2.30		-1.42		-0.90		81.160		197.14

		2016		0.674		0.200		-0.457		-0.2		179.2		193.14				2016		0.27		-0.40		-0.09		0.35		179.160		193.14

		2017		-0.097		-0.120		0.109		0.4		93.2		-43.86				2017		-0.23		-0.83		0.44		0.27		93.160		-43.86

		2018		-0.372		0.020		0.086		0.3		27.2		32.14				2018		-0.46		0.77		-0.23		-0.03		27.160		32.14

		2019		-0.158		0.450		-0.792		-0.5		25.2		-59.86				2019		-0.70		0.45		-0.58		-0.42		25.160		-59.86

		2020		-1.144		-0.370		0.300		0.5		-32.8		-52.86				2020		-0.95		-1.07		0.89		0.43		-32.840		-52.86

		2021		-1.874		-0.670		0.773		0.9		23.2		8.14				2021		-2.75		-0.95		0.92		0.67		23.160		8.14

		2022		-2.117		-0.950		1.424		1.3		-51.8		-35.86				2022		-1.97		-0.65		0.97		1.37		-51.840		-35.86

		2023		-2.254		0.87		-0.441		-0.1		175.2		157.14				2023		-1.16		1.80		-0.61		-0.48		175.160		157.14

		2024										 

				Mean PDO		SST ENSO3,4		ENSO SOI Traditional		ENSO Standard SL Pressure		Anomaly Over MHW Total		Anomaly Over MHW Fall-Winter						Winter PDO		SST ENSO3,4		ENSO SOI Traditional		ENSO Standard SL Pressure		Anomaly Total MHW		Anomaly Fall-Winter

		Mean PDO		1														Winter PDO		1

		SST ENSO3,4		0.50		1												SST ENSO3,4		0.4495082623		1

		ENSO SOI Traditional		-0.60		-0.90		1										ENSO SOI Traditional		-0.5715408323		-0.8785441576		1

		ENSO Standard SL Pressure		-0.62		-0.90		0.99		1								ENSO Standard SL Pressure		-0.452761378		-0.7438105756		0.7603563486		1

		Anomaly Over MHW Total		0.34		0.42		-0.40		-0.42		1						Anomaly Total MHW		0.2706221815		0.2054533434		-0.1968103177		-0.3335632149		1

		Anomaly Over MHW Fall-Winter		0.22		0.51		-0.46		-0.45		0.64		1				Anomaly Fall-Winter		0.1462750118		0.4702112626		-0.4598865223		-0.3955041563		0.6443355505		1







Toke Point, WA  Anomaly - Tide Over MHW (Fall-Winter)



Anomaly Fall-Winter	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	-57.8599999999999	8.1400000000001	-177.8599999999999	88.1400000000001	-109.8599999999999	8.1400000000001	-66.8599999999999	71.1400000000001	333.1400000000001	-7.8599999999999	-97.8599999999999	-52.8599999999999	-21.8599999999999	-139.8599999999999	-180.8599999999999	-158.8599999999999	-71.8599999999999	19.1400000000001	-43.8599999999999	-88.8599999999999	173.1400000000001	45.1400000000001	66.1400000000001	386.1400000000001	194.1400000000001	-38.8599999999999	-194.8599999999999	4.1400000000001	35.1400000000001	85.1400000000001	-65.8599999999999	69.1400000000001	-44.8599999999999	-23.8599999999999	-191.8599999999999	111.1400000000001	9.1400000000001	-99.8599999999999	-70.8599999999999	-162.8599999999999	69.1400000000001	197.1400000000001	193.1400000000001	-43.8599999999999	32.1400000000001	-59.8599999999999	-52.8599999999999	8.1400000000001	-35.8599999999999	157.1400000000001	





Toke Point, WA  Anomaly - Tide Over MHW (Annual)



Anomaly Total MHW	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	-72.839999999999918	-138.83999999999992	-3.8399999999999181	-50.839999999999918	-80.839999999999918	-52.839999999999918	-50.839999999999918	18.160000000000082	138.16000000000008	348.16000000000008	5.1600000000000819	-314.83999999999992	-38.839999999999918	-109.83999999999992	-238.83999999999992	-262.83999999999992	-98.839999999999918	-154.83999999999992	46.160000000000082	68.160000000000082	40.160000000000082	207.16000000000008	75.160000000000082	407.16000000000008	265.16000000000008	23.160000000000082	-125.83999999999992	-153.83999999999992	-78.839999999999918	86.160000000000082	7.1600000000000819	32.160000000000082	87.160000000000082	-120.83999999999992	-131.83999999999992	-68.839999999999918	81.160000000000082	-110.83999999999992	99.160000000000082	-284.83999999999992	191.16000000000008	81.160000000000082	179.16000000000008	93.160000000000082	27.160000000000082	25.160000000000082	-32.839999999999918	23.160000000000082	-51.839999999999918	175.16000000000008	
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Northwest Oregon and Southwest
Washington Coast Environmental Parameters

* Wide (50-100 m) dissipative beaches with slopes of
1.5 to 3%, ~2% average

* Beach material is sand 0.1 to 3.71 mm, ~2 mm average
for foreshore

* Winter-Fall 2023-2024 Average Significant Wave
Height (Hs0)=2.35 m, Wave Period (Ts0)= 8.33 sec

* Top 2% of waves H2=4.6 m, Tso= 9.63 sec

VM “0gJeH sAelg - TTZ9{ uollels

Hunt 1959 Stockdon et al. Horizontal Distance

T50 Hs Wave Wave 2006 Wave without tide
Time Time Period Hight Stockdon § <
Date (PST) (GMT) (sec) (m) L §¢ Setup Runup (m) Runup (m)§ <0.3 Hunt 0.3
108.3
Mean Hs (Feb-March 2024) 8.33 2.35 4 014 0.47 0.79 0.69 39.46 34.31
3/31/202
4 15:30 22:30 7.5 2 87.82 0.13 04 0.67 0.57 33.25 28.49
3/31/202
4 16:30 23:30 7.4 2.1 85.50 0.13 0.42 0.69 0.58 34.40 28.81
144.7
Hs2% Wave (Feb-March 2024) 9.63 4.6 9 011 0.92 1.44 1.11 71.81 55.49

Wave Information from NOAA 2024, NDBC - Station 46211 Recent Data (noaa.gov)



https://www.ndbc.noaa.gov/station_page.php?station=46211

CTL Use for Hazard Assessment

 ENSO events impact SST, air pressure, and the location of High- and Low-
pressure systems in the Pacific. In the Pacific Northwest, during the El
Nifio phase of ENSO, increased sea levels (from low air pressure),
warmer temperatures, and increased precipitation are observed along
with increased storm intensity and frequency.

e CTL is a significant constituent that must be considered when estimating
the potential for erosion on the coast. The CTL, in conjunction with other
environmental parameters can be used to determine the amount of time
that the toe of the dune would be exposed to wave action IF the wave
reached the dune. Hazard Assessment requires the following data:

* Near Realtime wave buoys used to obtain wave heights at the same time as the
tide gauge,

* Wave runup models that predict setup and horizontal and vertical runup from the
waves, and

e Current High accuracy digital elevation models (e.g., LIDAR)

* This information is used to calculate beach widths based on the MHW
and MHHW lines + wave runup.



CTL Conceptual Relationship with Observed Water
Lines and Erosion Potential

Total H=63 m

Hso Wave=2.35m Wave Runup V=0.79 Dune Toe

Setup V=0.47 m

MHHW =2.72 m
MHW =2.50 m 2% Slope

MLLW =0 m

Total H=198 m



CRLC Areas Potentially Impacted by the 2023-
24 ENSO Event in Ocean Shores North Jetty
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Figure 1. Shorelines Figure 2. Hso Wave Runup Figure 3. Hazard Zones



CRLC (Ocean Shores, WA) 2023-24 ENSO Hazard Areas

‘Future Research — USGS Lidar flight scheduled for October-December 2024
~will allow (re)analysis for entire Columbia River Littoral Cell _
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Strong ENSO events are associated with elevated water temperature and sea levels along the
northwest Oregon and southwest Washington coast.

During the winter season In the Pacific Northwest (PNW) the amount of time that sea levels
exceed the regional mean high-water level (MHW) is positively correlated with observed
erosion on sandy beaches.

The El Nifio event of 2023-2024 was predicted to have a 95% probability of being one of the
stronger events in the last 50 years and was predicted to be as strong as the record 1982-83,
1997-98, or 2015-16 events.

For the CRLC, the CTL found that the 2023-24 El Nino was weaker than predicted, and in
terms of strength was the 7th largest event in the last 51 years (1974 to 2024), falling behind
the 1997, 1982, 2015, 1998, 2015, and 1994 events.

Calculation of water elevation by combining multiple sensors (i.e., tide, buoy) allows
derivation of key reference features directly from high resolution digital elevation models,
such as the Mean High Water and Dune toe elevation.

We can now calculate the Slope shoreline parameter for each Transect directly from the data.
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