Impacts of Hurricane
Associated Water Quality
Changes to Ecosystem
Health

Implications for Future
Coordination

Chris J. Anastasiou, Ph.D.
Southwest Florida Water Management District

2024 University of Florida Water Institute
Symposium oA S 2 S £ gL
February 20-21, 2024 wr O P L B4

27 Sep 2022 12:30Z NOAA/NESDIS/STAR GOES-East GEOCOLOR




Hurricane Trends 5, |
= 124 B
£ :

Hurricanes have occurred for millennia s 8 i
< i
Several Atlantic hurricane activity metrics show g, ]
pronounced increases since 1980 S
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But weaker trends when considering entire - 0

hurricane period of record

Economic damage in U.S. from hurricanes has
increased remarkably over the past century, as has

population and value of built infrastructure in )
hurricane-prone regions 6+
54

Coastal ecosystems have become less resilient to
episodic events like hurricanes
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https://sciencecouncil.noaa.gov/wp-content/uploads/2023/05/1.1_SOS_Atlantic_Hurricanes_Climate.pdf

e Chronic vs. Acute

e Stress
e Disease

 Nutrient Qver-enrichment

Algal Blooms

Climate Change

Hypoxia/Anoxia



Hypoxia

* Occurs when dissolved oxygen
concentrations remain below 2-3 mg/L

* Optimum health for warm-water fish
(those in Florida) generally require
average dissolved oxygen concentrations
of 25 mg/L

* Fish usually die when dissolved oxygen
concentrations fall below 2 mg/L for
extended periods of time
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lan & Charley: Tale of Two Storms

Similar tracks
Similar intensity
Very similar landfall location

BUT

lan was much larger than Charley
lan moved slower across the state than Charley
lan’s storm surge, wind field, and rainfall was greater
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Dissolved Oxygen Dynamics in Charotte Harbor and lts
Contributing Watershed, in Response to Hurricanes Charley,

Frances, and Jeanne—Impacts and Recovery

I A, Tomasro™*, C. ANasTASION®, and C. KovacH®

1 Southavest Florida Water Management District, 2379 Bmad Street, Booksville Flovida 34604
2 Florida Department of Environmental Protection, 13051 Nowth Teleom Parkuway, Temple Terrace,
Florida 33637

ABSTRALCT: Cln.ll.l.gtutE,!m(mmﬁymmhmfhmmrwwm&rﬁuﬂMIh
timue of land fall were estimated ot 130 knot. The track of the urrdcane moughly followed the Soodplain of the Peace Biver,
cansing massive defoliation and mortality of native vegettion and plnted dtmus groves, as well as substantial damage to
human hahimfon and various infrastruciure clemens. Eight daw afier bndfall a saier quality monitoring e ffort
docunsented hypoxic (< 2 nyg 17') to nearly anaerobic (< 0.5 ng 17') dissobved oxygen (I0) values throughowt e vast
majority of the Peace River's o 6,000 km” watershed. Low TN} vahues appeared i be related io high values of both dissohved
arganic matier and suspended maierak. Hypoxic conditions in Chardotte Harbor itself occurred within 2 wk of landfall
Approxinately 5 wk afier the landfall of Hurricane Charley, Humricane Frances siruck the east coast of Flodida, causing
fmrwh.dd-nlg:andh'h#ngm&l ansounts of rain to the Chadote Harhor watershed., Thres weels luter sl
Hurricane Jeanne caused smilar damage in the sanwe area. In response to the combined eff ects of these three humricanes, IO
values in the Peace River did not recover to prehumricane levels untl approxinastely 2-5 mo later. The spatial and tem poml
pattern of DN Fhectust ons sppeared to be relsted to the proximity of pling locations to the path of the eyeswall of the fmt
of the three humricanes. Within the Harbor itself, the dumstion of hypmic conditions was less than that recorded within te

Pesce River, perhaps reflecting greater dilufion of acygen-poor waiers from the waiershe d with less-affected water from e

Gulf of Mexico.

Introduction

Omn August 135, 2004, the first of three huwrricanes
to affect the watershed of Charlotie Harbor made
landfall at Cavwe Costa, Florida {Sallenger et al
2006). The first of these three, Huricane Charley,
was a category 4 storm on the Saffir-Simpson scale,
with surface winds at landfall estimated at 150 knots,
Hurricane Charley was the most powerful hwricane
to hit the United States since Hurricane Andrew in
1992 (Pasch et al. 2005). Hwricaneforce winds
were experienced along the sorm’s entre pathway
across peninsular Florida, from Cayo Costa to
COrmond Beach (Sallenger et al. 2006). Nine
tomadoes were associated with Humricane Charley's
passage through Horida (Pasch et al. 2005). The
initial wack of Humicane Charley closely followed
the course of the Peace River, the largest source of
freshwater inflow to Charlotte Harbor, Within 6 wik,
two additional hurricanes, Frances amd Jeanne,
struck the east coast of Florida, causing further
wind damage and bringing substantal amounts of

'ﬂ'mlspend.ing author; cument addness: PESE], Inc., 5300
West Cy Street, Suite 504, Tampa, Florida 33607, tele: 8157
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rain and flocding to the Charlotte Harbor water-
shed.

Several days after the passage of Hurricane
Charley, mumerous complaints of foul smelling
water in the Peace River were received from the
public. Concems about the quality of water in the
Peace River were received from officials at numer-
ous public water supply uilities. Surface water
withdrawals from the Peace River are one of the
primary sources of drinking water for a population
of ¢. 750,000 people in southwest Florida,

In response to the potential bealth and environ-
mental issues apparent after the passage of Hwri-
cane Charley, additional efforts were undertaken o
supplement existing water quality monitoring ef-
forts in the Peace River watershed., These efforts
were designed to increase the monthly monitoring
frequency to weekly sampling and o add water
quality parameters that might prove useful for
determining the basis for observed problems with
dissolved oxygen (X)) values in the Peace River.
Ongroing water quality sampling efforts in Charlotte
Harbor were continned to determine the spatial
amd temporal extent of hypoxic conditdons (D) <
2mg 17") in the Harbor.
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Fig. 1. Location of seleced water quality monitaring stations
m the Peace Fiwer watershed. The hesdwaiems of the Peace River
are in cenimal Florida near Lakeland and the rwr empties nio
Charlotte Harhor in southwesit Flonda, Yaluess m p:rmﬂmm

- nt distance from the spewall of Hurmoane Chardey m
a “fETH.



JUVARE WwebEOC

N T
e T ===
Florida Division of Emergency Management LI | IO 00 SIS EITTE

233 14 55/9 /991

Acites Misslors OnHokd Missiors Comdric Mssiors lotzl Missions

eV i b e w o e

B el L L

B

e




lan Water Quality Response UNIVERSITY of
Dashboarc UF [FLORIDA

Center for Coastal Solutions

g i i s SR wtntar e Data from selected station: DO Concentration at CHV012DUP (Charlotte County) Ra
1 B TAMPA  grndon
—_ » Lk Wl Lok Mizairone L
SAINT PETERSBURG L e i &
: LORIDA -
Speun Fark
Aradenton = E Eabring i L
SARASOTA '
i‘. ] 5
- -
% » =
[s
WIIE;?-‘ *i "
e T CEARLGETE . g T o r o
TR, 4
0 ey,
" «* 5 ,* » 2 N 2
@p_' :}( 3 o ‘ . . Histogram: DO Concentration by week across all locations
L]
.-‘i-' .;".“"f — TR
n roREMYERS . .
fape cosgLl
. ._.n:
CRaAv-i oy ‘.A!' .
s ! [] 5 o g | o
L] "
i
iz e gl
Kl I
‘ T T moy
i 0 i § g 1z 1,564
[T & e
Lomied | & OpenSresibiap confrbiuons & CARTO 2020-10-17

Each station icon is oronortional to the maedmpm cenosted wakie for that station/analute




PGB;E H.urrleane Elq

Continuous DO Monitoring Stations

* Peace River @ Fort Meade

* Horse Creek nr Myakka Head
e Charlie Creek nr Gardner

* Myakka River near Sarasota
* Horse Creek @ Arcadia

* Big Slough @ Tropicana Blvd

Peace River
@ Ft Meade

Horse Creek
near Myakka
Head

Charlie Creek i

near Gardner

Myakka River
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Horse Creek
near Arcadia

Big Slough @
Tropicana Blvd




Peace Hiver

Dissolved Oxygen | e
Peace River @ Fort Meade near My
Response o SE—

near Gardner

Myakka River
near Sarasola

it near Arcadia
- 1 Big Slough
Peace River @ Fort Meade Tropcana B

e

Continuous DO (L0OCT- 21NDV) Mean 1997-2018 +1 STDEV ot Dol




Peace Hiver
i Ft Meadea
O A

e
Dissolved Oxygen | e
Peace River @ Fort Meade "
Res ponse § crte ok
| Sangartn e D
. Myakka River : -
Rear Sarasoln Horse Creck
_' Smgh near Arcadia
Peace River @ Fort Meade : L
Continuous DO (LOOCT- 21NOV) Mean 1997-2018 +1 STDEV ‘ ot et
Monthly Rainfall Totals — Bartow, FL
Actual Normal A
(in) (cm) (in) (cm) (in) (cm)

September* 25.59 65.00 7.31 18.57 +18.28  +46.43
October* 0.59 1.50 3.03 7.70 -2.44 -6.20

‘ November™ 513 13.16 1.49  3.78  +3.69  +9.37
*Wettest September on Record, *16% Driest October on Record, +*7th Wettest November on Record
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Hurricane Nicole
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In response to the combined effects of these three
hurricanes, DO values in the Peace River did not recover to
pre-hurricane levels until approximately 2—3 months later.

Intro duction

Om Angust 135, 2004, the first of three huwrricanes
to affect the watershed of Charlotie Harbor made
landfall at Cavwe Costa, Florida {Sallenger et al
2006). The first of these three, Hwricane Charley,
was a category 4 storm on the Saffir-Simpson scale,
with surface winds at landfall estimated at 150 knots,
Hurricane Charley was the most powerful hwricane
to hit the United States since Hurricane Andrew in
1992 {Pasch et al. 2005). Hwricanedorce winds
were experienced along the sorm's entre pathway
across peninsular Florida, from Cayo Costa to
Ormond Beach (Sallenger et al. 2006). Nine
tomadoes were associated with Huricane Charley's
passage through Horida (Pasch et al. 2005). The
inidal wack of Hurmicane Charley closely followed
the course of the Peace River, the largest source of
freshwater inflow to Charlotte Harbor, Within 6 wik,
two additional hurricanes, Frances amd Jeanne,
struck the east coast of Florida, causing further
wind damage and bringing substantal amounts of

* Corresponding author; cumment address PESE], Inc., 5500
West Cypress Street, Suite 500, Tampa, Florida 535607, tele: 815/
281-8340; email: DATomaskodiphs).com
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rain and flocding to the Charlotte Harbor water-
shed.

Several days after the passage of Hurricane
cy, numerous complaints of foul smelling
water in the Peace River were received from the
public. Concerns about the quality of water in the
Peace River were received from officials at numer-
ous public water supply uilities. Surface water
withdrawals from the Peace River are one of the
primary sources of drinking water for a population
of ¢. 750,000 people in southwest Florida,

In response to the potential bealth and environ-
mental issues apparent after the passage of Hwri-
cane Charley, additional efforts were undertaken o
supplement existing water quality monitoring ef-
torts in the Peace River watershed. These efforis
were designed to increase the monthly monitoring
frequency to weekly sampling and to add water
quality parameters that might prove useful for
determining the basis for observed problems with
dissolved oxygen (X)) values in the Peace River.
Orgroing water quality sampling efforts in Charlotte
Harbor were continned to determine the spatial
amd temporal extent of hypoxic conditons (D) <
2 mg 17*) in the Harbor.
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/ Hurricane lan — 28 September 2022
1:30 — 4:00 PM EDT

Key Takeaways

#1 Pl By o0

* Consistent with findings §rE
published after Hurricane |
Charley (Tomasko, et al 2006)

* Dissolved Oxygen
concentrations recovered to

¥y : i 0y ero.He
% (L [y g 1 I LY N [
] o, e J i
suchul s BRI i of L
A i P " I.'_-' f 5 i ¥
: ! ~5¢E!-r_".!]r'."".- ; % N SFortElhrce
i e L

i el Part Salfticie

i
5
ol . :
3 il
o - i
aras
i
readidBe | Oy [ / -
| . { . g 1
£ o . s a y 3
- % s ik X, - 3 !
P o i . ¥
5 ’ %
= i e T L a L
. 4 ¥ A !
: o e i 5 ) i
=" L i %
e L
L ¥
f
i ¥

pre-storm conditions within 2 o T

|

months after lan | ¥

* DO recovery helped by dry, cool B % ; ol
airmass immediately after the O TS e S
passage of Hurricane lan R - (i

| g ol | :_' /
Ner.gov/tampa + @NWSTampaBay u@NWS'I'a



Key Takeaways

e State & Local EOC Coordination

* Connecting Emergency Managers ;

with Natural Resource Managers
e Public-Private Partnerships
 Logistical Considerations

* Funding (No Bucks, No Buck
Rogers)

e Universities
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