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Sea Level Rise & Key West

Remembering it may be the
“little” things that mean a lot!

Jon Rizzo
Warning Coordination Meteorologist
WFO Key West

National Weather Service — Florida Keys
1315 White Street, Key West, FL 33040
(305) 295-1316
http://weather.gov/keywest
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Definitions

m “‘Predicted” Tides

- Calculated due to position of the moon and sun
m Spring Tide

- Tides around the time of new or full moon
= King Tide

- Non-scientific term for exceptionally high tides

- Often associated with the perigean spring tide,
when Spring Tide coincides with clesest point in
the moon's orbit to the earth

http://weather.gov ({1
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The Moon and Tides

\
\ PERIGEAN-SPRING TIDE
\ A perigean spring tide occurs when the moon is
/ \ either new or full and closest to Earth.
Earth's yearly \
orbit around sun \

NEW MOON (O

Moon closest to Earth in
monthly orbit (perigee)

Moon in alignment with sun

moon’s monthly sy

e e Moon between Earth and sun
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Moon closest to Earth in
monthly orbit (perigee)

Moon in alignment with sun L
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Tides: Baseline for “Predicted”

= National Tidal Datum Epoch

- 19-year cycle covering multiple seasons
and lunar positions

- All datums (MSL, MLLW, MHHW, etc. are
calculated based on ebservations during
the epoch

- Current epoch Is 1983-2001
- Mandated to be revised every 25 years
- Best estimate — next revision 2023-2025

http://weather.gov ({1
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Why Anomalies Occur
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Jul-Aug 2019 Anomaly

High Pressure further south
~ than normal, with a trough of
low pressure persisting over the

e

This plles up Water on the West Florida Shelf,
but the Gulf Stream remams “efﬂment”




Sep-Oct 2019 Anomaly

Combination of alternating
tropical cyclones and strong
high
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| This piles up water on the (North-) West
+ Atlantic Shelf —1to 1.5 feet above predicted

 values all along the U.S. east coast. ‘




Tidal Anomaly June 2012

MORA/MOSAC0-0PS
Preliminary Water CAL:ly v=s. Predicted Plot
a7 2dBa0 -._4 West, FL
from 201240601 - 20 lh 06,30
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Anomaly near +1.0 foot Jun 20-26




Tidal Anomaly Jul-Aug 2019

NOAA
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Anomaly approached +1.0 foot the
beginning of August
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Tidal Anomaly Sep 2019

HW.
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Anomaly was near +1.0 foot Sep 23-24

Major Hurricane Humberto passed west of
Bermuda just 3 to 4 days earlier.
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Tidal Anomaly Oct 2019

! l

I mn ‘WMM A, Il

Anomaly in excess of +1.0 foot
Oct 1-7, and again Oct 11-18

Jerry, Karen, and Melissa formed between
Periods ofistrong high pressure over New
England and the Mid Atlantic.
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Elevations on Mean Lower Low Water
Station: 8724580, Key West, FL TM.: 0

Status: Accepted (Aug 24 2010) Epoch: 1983-2001 D atl l ' ' l S
Units: Feet Datum: MLLW

Control Station:

Datum Description

MHHW Mean Higher-High Water

MHW Mean High Water

MTL Mean Tide Level

Mean Sea Level Mean Higher High Water
Mean Diurnal Tide Level (M H HVV) |S .

Mean Low Water

Mean Lower-Low Water

Maorth American Vertical Datum of 1938 O . 92 feet above M ean Sea
Station Datum Level (M S L)

Great Diurnal Range

Mean Range of Tide

Mean Diurnal High Water Inequality O * 05 feet above NAVD88
Mean Diurnal Low Water Inequality

277 Greenwich High Water Interval (in hours) N OAA CO nS|de rS exceed | N g

LI 8.40 Greenwich Low Water Interval (in hours)

| . o MHHW the point at which
Max Tide 494 Highest Observed Tide . .
Max Tide Date & Time 10/24/2005 08:42 Highest Observed Tide Date & Time CO aStaI ﬂ OOd INn g beg I nS

[lweather.gov {/’
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Min Tide -1.66 Lowest Observed Tide
Min Tide Date & Time 02/19/1928 03:06 Lowest Observed Tide Date & Time
HAT 265 Highest Astronomical Tide
o HAT Date & Time 10/17/1989 03:18 HAT Date and Time
/Y%\o'f‘\\g — )‘)P"/"’;'“/q(/o LAT -0.80 Lowest Astronomical Tide
&7 Z

Z LAT Date & Time 05/24/1986 2124 LAT Date and Time

Z\ = Tidal Datum Analysis Periods

D
2, - W E i
AR \x NA41883 - 12534/2
! N O 01/01/1983 - 12/31/72001



Elevations on Mean Lower Low Water
Station: 8724580, Key West, FL TM.: 0

Status: Accepted (Aug 24 2010) Epoch: 1983-2001 D at l l ' ' l S
Units: Feet Datum: MLLW

Control Station:

Datum Description

MHHW Mean Higher-High Water

MHW Mean High Water

MTL Mean Tide Level

oan Sea Love Note: The 1983-2001 Tidal
Mean Diurnal Tide Level EpOCh |S the Current
Vean Lo Weter operational tidal epoch.

Mean Lower-Low Water

Maorth American Vertical Datum of 1938

Station Datum ThiS iS Why “1 992” appears
Great Dumal Rarge in the Sea Level Rise

Mean Range of Tide I3 . . ”

Mean Diurnal High Water Inequality CompaCt - the mldeInt Of
Mean Diurnal Low Water Inequality the CU rre nt tldal epOCh .

277 Greenwich High Water Interval (in hours)

[lweather.gov {/’

LI 8.40 Greenwich Low Water Interval (in hours)

| . o Expect the next epoch to be
Max Tide 494 Highest Observed Tide
Max Tide Date & Time 10/24/2005 08:42 Highest Observed Tide Date & Time Cal Cu Iated an d re | eased
Min Tide -1.66 Lowest Observed Tide 2022-2024.

http

Min Tide Date & Time 02/19/1928 03:06 Lowest Observed Tide Date & Time
HAT 265 Highest Astronomical Tide
o HAT Date & Time 10/17/1989 03:18 HAT Date and Time
/Y%\o'f‘\\g — )‘)P"/"’;'“/q(/o LAT -0.80 Lowest Astronomical Tide
&7 Z

Z LAT Date & Time 05/24/1986 2124 LAT Date and Time

'//( = Tidal Datum Analysis Periods
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v Sea Level Trend (Linear)

8724580 Key West, Florida 2.42 +/- 0.14 mm/yr

— Linear Relative Sea Level Trend
onfidence Interval
& Confidence Interval

___Monthly mean sea level with the
average seasonal cycle removed
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Interannual Variation

8724580 Key West, Florida

Monthly mean sea level with the
average seasonal cycle and
linear trend removed

== Five-month average
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%

. Interannual Variation (Since 1990)

B724580 Key West, Florida

1990 1992 1994 1996 1998 2000 2002 2004 2

1-Month Averages can vary around 1 foot
5-Month'Averages can vary around ¥z foot




Seasonal Sea Level

8724580 Key West, Florida

[Iweather.gov {/’
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February Water: Levels are lowest, near 3 iInches
pelow the mean




Seasonal Sea Level

8724580 Key West, Florida
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October Water LLevels average the highest, about 5
INChes above the mean




Regional Sea Level Rise Scenario
lllustration Purposes Only

[

Key West, FL
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Local Relative Sea Level (meters)

Range of sea level rise for consideration is
the NOAA “Intermediate” to “Intermediate
High” scenarios in blue shading

I I I I I I
1980 2000 2020 2040 2060 2080
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Extreme i Intermediate High Intermediate Intermediate Low Low




NOAA Technical Report NOS CO-OPS 086

PATTERNS AND PROJECTIONS OF HIGH
. TIDE FLOODING ALONG THE U.S.
| COASTLINE USING A COMMON IMPACT
* THRESHOLD
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Photo: New York City Harbor

Silver Spring, Maryland
February 2018
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Regional Sea Level Rise Scenario
2019 Update

4 2100

{ 2080

4 2060

4 2040

4 2020

Extreme

High

Intermediate
High

Intermediate

Intermediate
Low

KEY WEST, FL
FOR INTERMEDIATE SCENARIO

6.14ft

4.17ft

2.56ft

1.38ft

0.561t

High

Intermediate
High

Intermediate

Intermediate
Low

KEY WEST, FL
FOR INTERMEDIATE HIGH SCENARIO




NOAA Coast Sea Lever Rise Viewer

https.//coast.noaa.gov/digitalcoast/tools/sir.html
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https://coast.noaa.gov/digitalcoast/tools/slr.html

NOAA Coast Sea Lever Rise Viewer

NV https.//coast.noaa.gov/digitalcoast/tools/sir.html
> 1 foot above MHHW Scenario
8) a.k.a. “Intermediate 2040”
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https://coast.noaa.gov/digitalcoast/tools/slr.html

NOAA Coast Sea Lever Rise Viewer

=S https://coast.noaa.gov/digitalcoast/tools/slr.ntml
5 2 feet above MHHW Scenario
@) “Intermediate cerca 2065”
CT). “Intermediate High cerca 2050”
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https://coast.noaa.gov/digitalcoast/tools/slr.html

NOAA Coast Sea Lever Rise Viewer

NS https://coast.noaa.gov/digitalcoast/tools/slr.ntml

> 3 feet above MHHW Scenario
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https://coast.noaa.gov/digitalcoast/tools/slr.html

Storm Surge Prediction

2

Hurricanes passing within 50 nm

Cat 1 or greater. 7 to 8 years
Cat 3 or greater: 17 to 19 years

p://weather.gc




Know Your Datums

m NAVD88 — new standard

¢ Used in all new storm surge
modeling

m Mean Sea Level

¢ Generally 0.9 feet lower than
NAVDS88

2 NGVD27 — your flood certificate

¢ 1.3 to 1.4 feet lower than NAVD88
from KW to OR

[ http://weather.gov (-




Know Your Datums

Datums for 8724580, Key West, FL

All figures in feet relative to Station Datum

NAVDSS: 6.32 | MHHW:6.37

DHQ: 0.29
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Know Your Datums

= Mean Higher High Water (MHHW)

+» NOAA refers to as a "coastal flood
Sstate when exceeded.

7

Our highest King Tides this year
reached 1.5 MHHW

Source: NOAA Digital Coast
nitpsy//coast.neaa.gev/digitalceast/teels/sirhtmi

http://weather.gov ({1



https://coast.noaa.gov/digitalcoast/tools/slr.html

Storm: <c0_high.sfl>

[/weather.gov

ttp




WIONAL

&Q\

[/weather.gov

http

o)
Q
S

&
9
5
-
<y
o




Category 2 Storm Surge MOM

Basin: South Florida <sfl1> Storm: <c2_high.sfl1>



Category 3 Storm Surge MOM

Basin: South Florida <sfl> , Storm: <c3_high.sfl>
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“Normals” —1981-2010

Normal Temperature (degrees Fahrenheit), Precipitation (inches)

(1981-2010) Temperature Temperature Precipitation
| Februay | 076 | e | 149 |

| March | 78 | e | 205
. ap |0 0er ] 000072 1 0 205 |
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“Averages” — Running 1989-2018

1989-2018 1989-2018 1989-2018
MAX T MIN T Rainfall

75 65 : 2.14

77 66 1.57
79 1.92
82 72 2.23
85 76 3.28
88 79 4.05
90 80 3.74
90 80 5.34
88 79 6.69
85 76 5.10
81 12 2.07
77 68 2.22
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p://weather.gc

Annual Rainfall

m 1981-2010 Normal: 39.73”



Key West Airport — Climate Station

PDS-based depth-duration-frequency (DDF) curves
Latitude: 24.5550", Longitude: -81.7522°
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Key West Airport — Climate Station

60-min PF estimates with 90% confidence intervals
Duration: Latitude: 24.5550°, Longitude: -81.7522°

5-min
10-min
15-min
30-min
60-min
2-hr
3-hr
6-hr
12-hr
24-hr
2-day
3-day
4-day
T-day
10-day
20-day
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Precipitation Frequency Data Server

https://hdsc.nws.noaa.gov/hdsc/pfds/
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Key West Airport — Climate Station

PDS-bhased precipitation frequency estimates with 90% confidence intervals (in im::hl;-.s}1

Duration

Average recurrence interval (years)

1

2

5

10

25

50

500

1000

3-min

0.565
(0.496-0 668)

0.644
(0.564-0.763)

0777
(0.678-0.925)

0.891
(0.771-1.07)

1.05
(0.872-1.33)

1.18
(0.948-1.53)

1.32
(1.00-1.78)

1.45
(1.05-2.05)

1.64
(1.13-2.42)

1.79
(1.18-2.71)

10-min

0.827
(0.726-0.979)

0.943
(0.827-1.12)

1.14
(0.993-1.35)

1.3
(1.13-1.57)

1.54
(1.28-1.95)

1.73
(1.39-2.25)

1.93
(1.47-2.60)

213
(1.54-3.01)

2.40
(1.65-3.55)

2.62
(1.73-3.96)

15-min

1.01
(0.885-1.18)

1.15
(1.01-1.36)

1.39
(1.21-1.65)

1.59
(1.38-1.91)

1.88
(1.56-2.38)

2.1
(1.59-2.74)

2.35
(1.80-3.17)

2.60
(1.87-3.67)

2.93
(2.01-4.33)

3.19
(2.11-4.83)

30-min

1.43
(1.25-1.69)

1.64
(1.43-1.94)

1.99
(1.73-2.37)

2.29
(1.982.74)

2.7
(2.24-3 43)

3.05
(2.44.3 95)

3.40
(2.60-4.59)

3.76
(2.71-5.30)

4.24
(2.91-6.27)

4,62
(3.06-7.00)

G0-min

1.94
(1.70-2.29)

217
(1.90-2.57)

2.59
(2.26-3.09)

2.98
(2.58-3.57)

3.66
(2.96-4.55)

4,05
(3.26-5.29)

4,57
(3.50-6.21)

5.13
(3.72-7.30)

5.93
(4.08-8.81)

6.58
(4.35.9.95)

2.44
(2.15-2.87)

2.7
(2.38-3.19)

3.20
(2.81-3.78)

3.67
(3.19-4.37)

4.41
(3.70-5.63)

5.04
(4.09-5.58)

h.74
(4.44.7 79)

6.51
(475923

7.62
(5.28-11.3)

B8.53
(5.67-12.8)

2.719
(2.47-3.28)

3.05
(2.70-2.58)

3.59
(3.16-4.23)

413
(3.60-4.90)

5.01
(4.25.5.43)

5.80
(4.73-7.58)

6.68
(5.20-9.09)

7.68
(5.64-10.9)

9.14
(6.37-13.5)

10.4
(6.92-15.5)

3.30
(2.93-3.84)

3.63
(3.23-4.23)

4,34
(3.83-5.08)

5.08
(4.45.599)

6.32
(5.41-8.13)

7.45
(6.13-9.74)

8.74
(6.85-11.9)

10.2
(7.55-14.5)

12.4
(B.69-18.3)

14.2
(9.56-21.2)

12-hr

3.68
(3.29.425)

419
(3.73-4.85)

5.22
(4.63-6.07)

6.28
(5.53-7.38)

8.03
(6.90-10.3)

9.61
(7.94-12.5)

1.4
(8.97-15.4)

13.4
(9.97-18.9)

16.4
(11.6-24.0)

18.9
(12.8-27.9)

24-hr

4,07
(3.65-4.68)

4,80
(4.30-5.52)

6.22
(5.55.7.18)

7.62
(6.75-8.87)

9.39
(B.53-12.6)

11.9
(9.87-15.4)

14.1
(11.2-19.0)

16.7
(125233

203
(14.4.29.6)

23.4
(15924 3)

2-day

4.65
(419531

5.52
(4.97-6.31)

7.20
(6.45-8.25)

8.83
(7.86-10.2)

1.4
(9.90-14.4)

13.7
(11.417.6)

16.3
(12.9-21.6)

19.1
(144265

23.2
(16.6-236)

26.7
(18.3-28.9)

3-day

5.13
(4.64-5.82)

5.97
(5.39-6.79)

7.62
(6.85-8.71)

9.26
(8.26-10.7)

1.9
(10.4-15.0)

145
(11.9-18.2)

16.9
(13.5.22.4)

19.9
(15.0-27 4)

24.2
(17.3-34.8)

27.8
(19.1-40.4)

4-day

5.56
(5.03-5.30)

6.35
(5.75-7.21)

7.95
(7.16-9.08)

9.56
(8.55-11.0)

12.2
(10.6-15.3)

14.6
(12.2-18.6)

17.2
(13.8-22.8)

20.2
(15.3-27.9)

247
(17.7-35.4)

28.4
(19.6-41.1)

T-day

6.69
(6.08-7.54)

741
(6.73-8.36)

8.90
(8.05-10.1)

10.5
(9.38-11.9)

13.0
(11.4-16.2)

15.4
(13.0-19.5)

18.1
(14.5.23.8)

211
(16.1-28.9)

25.6
(18.5-26.5)

29.3
(20.4-42.3)

10-day

7.61
(6.94-8.54)

8.28
(7.54.8.31)

9.7
(8.81-11.0)

1.2
(10.1-12.8)

13.7
(12.1-17.0)

16.0
(13.6-20.2)

18.7
(15.1-24.4)

216
(16.6-29.8)

26.1
(19.0-37.1)

29.8
(20.5-42.8)

20-day

9.88
(9.05-11.0)

10.5
(9.55-11.8)

1.9
(10.9-13.4)

13.4
(12.1415.1)

15.7
(13.9-19.2)

17.9
(15.2.22.3)

20.4
(16.5-26.3)

231
(17.8-31.3)

271.3
(19.9:35.4)

30.7
(21.5-43.8)

30-day

1.6
(10.7-12.9)

12.5
(11.5-13.9)

14.1
(12.9-15.8)

15.7
(14247.7)

18.1
(159218

20.3
(17.2-24.9)

22.6
(18.3-28.8)

251
(19.3-33.8)

28.8
(21.1-40.2)

1.8
(22,445 2)

45-day

13.7
(12.7-15.2)

15.1
(13.9-16.8)

17.5
(16.0-19.4)

19.4
(17.7218)

22.2
(19.3-26.1)

243
(20.6-29.3)

26.4
(21.4-33.2)

28.6
(22.0-37.7)

J6
(23.143.5)

338
(23.9.47.9)

60-day

15.5
(143171

17.5
(16.2-19.4)

20,7
(19.0-23.0)

23.2
(21.1259)

26.3
(22.8-30.5)

28.5
(24.0-24.0)

30.5
(24.7-37.9)

j2.4
(24.8-42.1)

J4.6
(252471

36.1
(25.5.50.9)

" Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).

MNumbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a given duration and average
recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5% Estimates at upper bounds are not checked against probable maximum precipitation (PMP)
estimates and may be higher than currently valid PMP values.

Please refer fo HOAA Aflas 14 decumeant for mors information.
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Sea Level Rise & Key West

Remembering it may be the ‘little”
things that mean a lot!

Jon Rizzo
Warning Coordination Meteorologist
WFO Key West

National Weather Service — Florida Keys
1315 White Street, Key West, FL 33040
(305) 295-1316
http://weather.gov/keywest



