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Pamlico Sound
Second largest Estuary in USA

o Drains over C coa
Southeastern VA

o >50 years®of Ag and urban expansion
accompanied by enhanced“N and P loading *

e Lagoonal estuaries; long residence times,
susceptible to eutrophication

e Increasing frequency of tropical cyclones
(34 in the past 25 years), and flooding
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NC is a hot spot experiencing a hot moment

£

(McClain et al., 2003)
Tropical Cyclone Tracks
(1996-2016)
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Change in the annual number of days with
precipitation greater than 3 inches (76 mm),
averaged over the Southeast by decade.
Source: 4t National Climate Assessment.
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Recent major cyclones and floods

Dennis & Floyd, Sept., 1999
Ernesto, Sept. 2006
Matthew, Sept.-Oct. 2015
Florence, Sept. 2018



Why the concern about tropical cyclones?
(Besides the obvious!)

i+ . Large Hydrologic per'fur'ba‘hons
(IoTs of water, quickly, and persistent flooding in low-lying areas)

Increased Nutrient organic matter and contaminant inputs
Changes in sediment dynamics (fransport, deposition, resuspension)

Biotic alterations (water quality, habitat, food webs)

Reason for concern.........

"We appear to be in a period of elevated tropical cyclone activity”
Emanuel 2005; Holland and Webster 2007; IPCC 2014; US Climate Change Report 2018
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Hurricane Florence, Sept., 2018 Year



Major research/management challenge: Interacting human and
climatic impacts on coastal habitat/water quality

Précipitation




ModMon and FerryMon: space-time intensive monitoring to assess human and
climatic impacts on water quality in the Albemarle-Pamlico Sound System

ModMon: Since 1994
paerllab.web.unc.edu/projects/modmon/
FerryMon: Since 2000
paerllab.web.unc.edu/projects/ferrymon/
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Physical-chemical impacts of hurricane Florence (Sept., 2018) on
the Neuse River Estuary, NC

3
».20 Pamlico Sound

paerllab.web.unc.edu/projects/modmon/

l:l Atlantic Ocean
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First a few things about N and P loading to the Neuse R. Estuary: How important are
tropical cyclones relative to "normal” hydrologic patterns ?
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Table 4. Influence of “wet” storms on long-
term (1996-2016) material loads to the Neuse
River Estuary.
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Major tropical cyclones and large rainfall events: impacts on
phytoplankton biomass (Chl a) responses in the Neuse R. Estuary, NC
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SAMPLING STATIONS
MODMON Project

MID-RIVER WATER QUALITY
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The Hurricanes of 1999: What Happened?
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NUMBER TYPE  NAME DATE r
1 T ARLENE  11-18 J
2 H BRET  18-25Aug
3 H  CINDY  18-31 Ay
4 H DENNIS 24 Aug.-07 Sep.
5 T EMILY  24-28 Aug
o s H  FLOYD  07-17 Sep.
N 7 H GERT  11-23Sep
| T HARVEY  19-22 Sep.
] H IRENE  13-190a
0 H JOSE 17-25 Oct
1 T KATRINA 28 Oct-01 Nov.
‘.\ 2 H LENNY  13-23 Nov.

w— Hurricane (H)
Tropical Stom (T)
= Tropical Dep.
+++ Extratropical

® 3 SS-scale 3 hurricanes (Dennis, Floyd & Irene) within 6 weeks

e Record rainfalls in Pamlico Sound Basin: 12-h rainfall fotals >> 100-yr.
e 50-500 year floods in PS watershed
e PS Received annual water and N loads in about 1.5 months



Ecosystem Impacts

Pre-hurricane
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Hurricanes Dennis, Floyd & Irene ('99)

Salinity and Chlorophyll a responses in the 255 DIHI

Pamlico Sound

Pamlico Sound
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Freshwater Discharge and flushing effects on algal production (Chl a) in Pamlico Sound, NC

Pamlico Sound Remote Sensing Chlorophyll
15 May 2002

Pamlico Sound Remotely Sensed Chlorophyll

16 June 2002
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Impacts of Tropical Storm Hanna (8/15/08 - 9/14/08) on

The New River Estuary, North Carolina, USA

08/15/2008 - 09/14/2008
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Impacts of Typhoon Passages on blue-green algae blooms in Lake Taihu, China, based on MODIS data
) (Zhu et al., 2014)
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A specific example: toxic dinoflagellate (Karlodinium) bloom following nutrient-enriched runoff from
Tropical Storm Ernesto, Oct. 2006
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Lets look at how carbon flux is impacted......
and how storms shift coastal ecosystem states

Tropical Storm Force Wind Speed Probabilities
For !hs 120 hours (5 days) from 8 AM EDT Fri Aug 26 to 8 AM EDT Wed Aug 31
i ik i g i

ros

2960 0 {TBpanadON  GSH oW SSH SOM  4SW oW 35w Jow 25w 2on 1oy
Probability of tropical storm force surface winds (1-minute average >= 39 mph) from all tropical cyclones
¢ indicates HURRICANE IRENE center location at 8 AM EDT Fri Aug 26 2011 (ForecastAdvisory #25)
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Photochemical
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Zooplankton
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Osburn et al. 2019 and in prep



Potential sources and pathways of introduction of terrestrial DOC
and POC to the coastal ocean via watersheds, rivers, and
estuaries

CO, is the terminal
product of DOC and
POC degradation

argely by microbes

Atmosphere

?  Remineralization to

: , t Remineralization to ¥
H gaseous products -

' gaseous products §

»| Dams —s| Estuaries |,
(Internal modification)

4 1

Small mountainous rivers and very large rivers

Sediment burial

DOC is more than it s
concentration... it’s quality
matters.

Sediment burial




1. Sonde (YSI)

*Chl flourescence (chl a) 2, TSG (Seabird) 3. Equilibrator
*Salinity (SSS)

4. NDIR CO, 5. Calibration
Analyzer (Licor) gas standards

*Dissolved Oxygen (DO) *Temp .
epH «Temp (SST) | «Pressure X0, J
*Turbidity Y

pCO,

]

Air-water CO2 flux ==

(flux equations from Jiang et al. 2008)




CO, Flux in the Neuse and New River Estuaries, NC
in relation to recent major storms and FW discharge
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Take home message: One tropical cyclone (e.g., Isabel) can liberate as
Matthew much CO2 as fixed annually by phytoplankton. (Crosswell et al., 2014)




DOC loading to the Neuse R. Estuary: How important are tropical cyclones relative to
“normal” hydrologic patterns ? Answer, VERY!

Meuse River Estuary, :
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Impacts of Hurricane Matthew's (Fall 2016)

“500 year” floodwaters on the Neuse River Estuary, NC.

1. First a big flush of dissolved organic matter delivered from the watershed....
2. Then an algal bloom (as chlorophyll) response

After
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Paerl et al., 2018




Dissolved organic C flux is strongly affected: importance?

RIVERINE ESTUARINE COASTAL

Organic matter as dissolved organic
carbon (DOC) is consumed by
heterotrophs

Basal resource in food webs

» “Microbial Loop”

» COzand 5

o nu!rllnnts “'(c

o2, 2
Qé'o‘ /- Q‘%&Phwopknk\m %’%
@3-—?};* l \

Zooplankton —» I3 WP OC,, 0ni0
i coastal
ocean

Contributes to acidity and alkalinity
Complexes with metals, P, hydrophobic
molecules

» Important vector for contaminant uralff 0
movement

Absorbs sunlight (CDOM)
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Sustained DOC respiration in the Neuse River Estuary to Hurricane
Florence’s floodwaters in 2018. This is linked to hypoxia potential.
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Riparian wetlands are a major source of OM in response to storm-related flooding

* Floodwaters cause
connectivity between wetlands
and main stem

* OM in wetlands will be flushed
downstream where it can be
further processed and
exported to coastal waters
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Wetlands contribute DOC to rivers

20

15+

Watershed % wetland
)
1

a0 (F* = 0.81, p < 0.001; y = 0.90
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+1.00)
+1.02)
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6 é 1I0 1I5
CDOM Yield (yr')

Spencer et al. (2013) Geophys. Res

20

* %wetlands in catchment 1s a key
driver in coastal watersheds

* 15 major US rivers over several
terrestrial biomes

* Export of CDOM-rich water

* Small systems can yield as much
as larger systems

. Lett., 40(8), 1575-1579



In the Neuse R. Pamlico Sound continuum, DOC
exhibited wetland characteristics

5"°C-DOC (%o)
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Osburn et al. (2019)

* Both Estuary and Sound samples
bounded by “fresh” riparian
wetlands and River (uplands)

* Sound values co-occurring with
River likely are a mixture of Ocean
and Wetland



Characterizing watershed sources using fluorescent techniques (EEMs PARAFAC)
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Using Fluorescence (EEM-PARAFAC) to separate different organic matter classes:

— We can track these different OM classes through the estuary to see if they are either produc
or used by microbes (algae and bacteria).

(Osburn et al., ES&T, 50:8473-8484 (2016); Hounshell et al. 2019)



Is watershed-derived DON utilized by algae?

Effects of DON relative to DIN and and P on HABs

Scrippsiella trachoidea
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Altman & Paerl 2012; Ongoing bioassay studies
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Overall Effects of Hurricanes on estuarine/coastal C Dynamics

a. Before storm

§ September 19, 2018 ; e * o - c. After storm
1 (5 days after landfall)
%
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From: Crosswell et al., 2014. L& O 59:1651

Hurricane Florence, Sept., 2018



Global implications

Tropical Cyclones 1911-2011 ' ) e
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More intense hurricanes have:
* lead to terrestrial biomass losses of 100s Tg-C

« resuspended labile coastal sediments over 1000s km?

* mobilized C that has accumulated in wetlands over decades or even centuries

A worrysome “feedback”
More intense storms »more C mobilization »more CO, released» more intense storms?



Cyclone Related
Event Precipitation (cm)

“Based on a data set going back
to 1898, 6 out of 7 of the wettest
tropical cyclones have occurred
in the past 20 years”

Paerl et al. Nature Scientific Reports (2019)

Event Precipitation (cm)

Event Discharge (km?3)

The future??
We appear to be experiencing a "new normal” with regard to tropical cyclone
frequency, rainfall intensity/flooding and nutrient/C inputs to the coastal zone
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Data sources: NOAA-National Hurricane Center, USGS, NT Climate Office



This is leading to increasing “Pulse and Press” disturbances

Observed U.S. Trend in Heavy Precipitation
Atlantic Basin Storm Count

(Including Subtropical Cyclones) 40

Number of Systems

Relative Number of Extreme Events (%)
o

-40
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A A

Gradual, chronic
presses

SEA LEVEL RISE

Sources
NOAA National Hurricane Center
Ward et al. (2020) Nat. Comm. 11(1): 2458
Kunkel, 10.1175/BAMS-D-11-00262.1
WRAL-Raleigh




A glimpse of a more “connected” Pamlico Sound

09/08/1999, Before

Sept. 2003: Isabel “creates” a new inlet in the Outer Banks

09/21/2003, After
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Salinity Patterns in Pamlico Sound Determined by FerryMon Demonstrate
Storm Driven Changes in Connectivity to Coastal Ocean

Difference in average weekly salinity between east and west basins
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The Big Picture, Long-term Concern.......... :
Ecosystem Resiliency and Stability in response to the "New Normal”

Increased frequency of Atlantic hurricanes over the next 10-40 years?
Goldenberg et al., 2001, Webster et al. 2005; Holland and Webster 2007

Increase in "extremeness” and scales of storm events?
Emanuel 2005; Wuebbles et al.,2014; IPCC 2014; US Climate Change Report 2018 Paerl et al. 2019, 2020

Multi-annual ecological effects and recovery?

_ _ Perturbation
Hurricane #1 Hurricane #3

Hurricane #2 Recovery

Ecosystem Response =

Time >



Extreme weather pulses create feedbacks that alter coastal communities
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Worst-case flooding scenario

., Map shows the worst-case scenario if the

_ current situation on the Mississippi River
| remains unchanged. This is the flooding that
could be expected if the Morganza Spillway is
~' kept closed, and the Bonnet Carré Spillway is
— opened to 100 percent. The estimates don't
include any other efforts to contain a flood,
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Source: U.S. Army Corps of Engineers

Flooding in New Bern, NC after
Hurricane Florence, 2018

Impacts of rainfall on the water quality of the Newport
River Estuary (Eastern North Carolina, USA)
Angela D. Coulliette and Rachel T. Noble

2008: doi: 10.2166/wh.2008.136
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Implications and what can we do to
best manage impacts

® Storm-driven N and P loading is increasing in coastal waters....promoting
eutrophication and algal blooims.

* Organic matter loading has also increased

altering CO, flux, promotin
eufrophication and hypoxia, altering planktonic anc? bent 5 I

hic habitats

* All impacted by a “"new normal” in tropical cyclone frequency, rainfall intensity and
flooding, driven by ocean warming and sea level rise.

®* What can we do about it? Reduce emissions of Igr'eenhouse gases (CO, in .
particular), make plans for long-term, sustainable development, minimizing nutrient
and organic matter loss in the watershed. Constructed buffers, wetlands and
retention impoundments are critically-important.

®* Immediate Needs: Tools (e.g.remote sensing, continuous water quality monitoring) to
capture events/impacts over relevant, scales”and adaptive nutrient (N'& P) and
carbon management in response to climatic changes and extremes.
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Thank you & questions?
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