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Abstract In 2016, Hurricane Matthew accounted for 25% of the annual riverine C loading to the Neuse
River Estuary‐Pamlico Sound, in eastern North Carolina. Unlike inland watersheds, dissolved organic
carbon (DOC) was the dominant component of C flux from this coastal watershed and stable carbon isotope
and chromophoric dissolved organic matter evidence indicated the estuary and sound were dominated
by wetland‐derived terrigenous organic matter sources for several months following the storm. Persistence
of wetland‐derived DOC enabled its degradation to carbon dioxide (CO2), which was supported by
sea‐to‐air CO2 fluxes measured in the sound weeks after the storm. Under future increasingly extreme
weather events such as Hurricane Matthew, and most recently Hurricane Florence (September 2018),
degradation of terrestrial DOC in floodwaters could increase flux of CO2 from estuaries and coastal waters to
the atmosphere.

Plain Language Summary Recent hurricanes along the Southeastern and Gulf coasts of the
United States have received much attention, because these extreme events have led to immense societal
and economic impacts. Wetlands in coastal watersheds store large amounts of organic matter and upon
flooding during extreme weather events are poised to release this material into adjacent rivers and estuaries
where its decomposition can generate carbon dioxide. Alteration of carbon balances in these events can
shift impacted coastal ecosystems from states of carbon sinks to carbon sources for periods of weeks to
months. Understanding the balance between these states is important to our understanding of how, and how
long, regional carbon cycling is impacted after such extreme weather events. A biweekly record of dissolved
and particulate organic matter quantity and quality from a coastal watershed in North Carolina in the
3 months following HurricaneMatthew in 2016 illustrated a major input of wetland carbon to coastal waters
caused by this storm and its substantial lingering effect on coastal carbon cycling.

1. Introduction

Extreme weather events (EWEs)—such as the record rainfall and massive flooding recently experienced
along the southeast and Gulf coasts of the United States from Hurricanes Matthew in 2016; Harvey, Irma,
and Jose in 2017; and Florence in 2018—are becoming more frequent and occurring with greater intensity
(Bender et al., 2010; Lehmann et al., 2015; Trenberth, 2011). National and international foci on impacts of
extreme events on carbon (C) cycling outline a need to assess impacts on and feedback effects between these
symptoms of climate change and C cycling (Fleming et al., 2018; Intergovernmental Panel on Climate Change,
2007). However, limited information exists on the long‐term carbon cycling implications of extreme events.

While events such as tropical storms are ephemeral, lasting perhaps a few days to a week, their effects on
coastal environments can possibly last for multiple years to decades, especially in an era of increased tropical
cyclone activity (Paerl et al., 2006, 2018). Few studies of carbon biogeochemistry in estuaries and coastal
waters have been conducted following major EWEs, largely because of flooding and infrastructure damage
that renders rivers and coastal waters unnavigable, making sampling sites inaccessible or unsafe to access.
The few studies that have been conducted on quality as well as the quantity of dissolved or particulate organic
carbon (DOC and POC, respectively) in coastal waters following extreme events indicate rapid change in
quality toward terrigenous sources (Bianchi et al., 2013; Majidzadeh et al., 2017; Osburn et al., 2012).

Recently, Paerl et al. (2018) summarized biogeochemical and ecosystem impacts of tropical storms over the
past 20 years on the Neuse River Estuary (NRE) and the Pamlico Sound (PS), part of the second largest
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estuarine system in the United States and its largest lagoonal estuary. Stocks of dissolved and particulate
organic matter increased dramatically as a result of these episodic extreme events, representing approxi-
mately 20% of the annual loads of DOC and POC. Following tropical storms, Paerl et al. (2018) and
Crosswell et al. (2014) also noted a shift in air‐water CO2 exchange from that of a carbon sink to a carbon
source. Within the context of the Flood Pulse and Pulse Shunt concepts (Junk & Wantzen, 2004;
Raymond et al., 2016), Paerl et al. (2018) speculated that wetlands may be important sources of the organic
carbon pulses released from a watershed resulting from heavy precipitation associated with tropical storms
and shunted into downstream coastal waters. However, other than increased concentrations of DOC and
POC in the NRE‐PS as the flood pulse transited downstream, data were lacking to confirm a wetland source.

Non‐tidal wetlands play a prominent role in river export of organic matter from catchments. Wetlands typi-
cally contain higher amounts of photochemically‐ and biologically‐labile organic matter compared to upland
sources, and the degree of hydrological connectivity between a river and its adjacent wetlandsmodulates this
export (Lambert et al., 2015). Export of chromophoric dissolved organic matter (CDOM) is likewise
enhanced by connection of rivers to wetlands (Spencer et al., 2013); upon transport to coastal waters, some
of this material is rapidly converted to CO2 (Bianchi et al., 2013). Following EWEs, DOC cycling may be par-
ticularly important, given the generally positive relationship between DOC and discharge. Thus, event‐scale
phenomena play important yet poorly defined roles in the coastal carbon cycle (Najjar et al., 2018).

Here we present evidence suggesting that wetlands were primary sources of DOC and POC export to North
Carolina coastal waters after extreme precipitation associated with Hurricane Matthew in 2016. We demon-
strate that, following Hurricane Matthew, the export of significant quantities of potentially reactive DOC
into coastal waters persisted for weeks to months afterward, causing lingering impacts on estuarine C
cycling. Results from this study indicate that event‐scale phenomena such as hurricanes result in coastal
waters as significant CO2 sources to the atmosphere, and thus may function as positive feedbacks in the glo-
bal C cycle.

2. Sampling and Methods

The NRE‐PS comprise part of the USA's second largest estuarine complex and largest lagoonal estuary
(Table S1 in the supporting information). The Neuse River's watershed is approximately 16,150 km2 and it
is the major tributary to the lower PS, an area approximately 7,700 km2. Astronomical tides are <10 cm,
and circulation in the combined NRE‐PS system is controlled by river flow (Neuse and Trent Rivers) and
winds (Luettich et al., 2002). The residence time of river water in the NRE‐PS varies from roughly 1 week
to >1 year, long enough for internal processing of terrigenous materials transported from the watershed into
these coastal waters (Paerl et al., 2001, 2006). Meteorological observations of daily average wind speed (m/s)
were obtained from National Oceanic and Atmospheric Administration's National Centers for
Environmental Information (https://www.ncdc.noaa.gov/).

Duration of the flood pulse was 20 days (8 to 28 October 2016), and at 1.41 × 109 m3, was 25% of the annual
discharge for 2016. Peak discharge (1,399 m3/s) at Ft. Barnwell (U.S. Geological Survey site 02091814), above
head of tides, was reached on 15 October 2016, about 7 days after passage of Matthew. River flow returned to
prestorm levels (approximately 150 m3/s) roughly 12 days later (Weaver et al., 2016).

Surface water samples were collected from a bridge over the Neuse River at Ft. Barnwell and from a network
of estuarine stations throughout the NRE‐PS (Table S2 and Figure S1). Samples for dissolved inorganic car-
bon (DIC) were immediately filtered through 0.2‐μm polyethersulfone filters into glass vials, capped with
Teflon‐lined septa and stored without headspace at 4 °C until analysis. Water samples for DOC and POC
were collected in precleaned, brown high‐density polyethylene (HDPE) bottles and filtered through precom-
busted 0.7‐μm glass fiber filters (Whatman, Inc.) within 24 hr of collection. The filtrate was stored at 4 °C
until measurement of optical properties. CDOM absorption was measured from 200 to 800 nm on a
Varian Cary 300 UV spectrophotometer against an ultrapure Milli‐Q water blank. Afterward, samples were
acidified to pH ~2 with 85% H3PO4 and stored at 4 °C until analysis of DOC concentration and stable carbon
isotope ratio of DOC (δ13C, units of per mille; Osburn & St‐Jean, 2007). Material retained on the filters was
dried overnight in an oven at 60 °C, vapor acidified, re‐dried, then packed into tin capsules for elemental
analysis of POC concentration ([POC]), elemental C:N ratios, and δ13C values of POC. DIC concentration
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([DIC]) and δ13C‐DIC values were measured on an OI Analytical TOC
analyzer (Doctor et al., 2008). In situ measurements of temperature, sali-
nity, and pH, collected during sampling, were used in conjunction with
meteorological observations and [DIC] to compute pCO2 and CO2 fluxes
using the CO2calc software (Robbins et al., 2010; Table S3).

Stocks of DOC and POC (Gg C for each) in the estuary and sound were
computed as the [DOC] or [POC] in grams of carbon per cubic meter mul-
tiplied by the volume of the estuary (9.96 × 108 m3) or the sound
(4.17 × 109 m3). These stock estimates neglect changes in volume to either
water body resulting from increased water levels during flooding and thus
are driven by changes in concentration. Results were compared to 20‐year
mean averages of [DOC] or [POC] for the NRE‐PS measured during the
NRE Modeling and Monitoring (ModMon) sampling program (Paerl
et al., 2018). Significant differences reported herein were based on two‐
sample t tests (P < 0.01). Fluxes of DOC and POC were computed using

the flow‐weighted mean method (Littlewood, 1992) with corrections for flow between Ft. Barnwell and
the estuary (Figure S2).

3. Results and Discussion

Flooding in the Neuse River basin occurred shortly after the accumulated precipitation of about 400 mm,
which fell within 48 hr of Hurricane Matthew's passage over eastern NC (Figure S1). River levels at Fort
Barnwell, NC, exceeded flood stage for 6 days (Figure S2). In the 40‐km stretch between Ft. Barnwell and
station NR0 in the estuary, a number of semiconnected to disconnected riparian wetlands are situated adja-
cent to the Neuse River's main channel. During the period of high discharge after the storm, wetlands adja-
cent to the channel began to flood, leading to visible connectivity with main and side channels of the river
after the storm from 8 October to 8 November 2016 (Figure S3; Rudolph, 2018). As a result, pulses of
wetland‐derived DOC were delivered to the river, then shunted into the estuary and sound.

Hurricane Matthew resulted in increased carbon stocks, which lingered in the estuary and sound for at least
2 months following the storm. In addition to higher river flow, [DOC] increased dramatically in the estuary
and sound when compared to 20‐year mean values supplied by the ModMon database (Table S4). Little
change in [POC] occurred, while [DIC] decreased. Thus, the major effect of the storm was to increase
DOC stocks in the estuary by 64% (12.3 Gg C from 7.5 Gg C), while POC stocks showed no significant change.
In the sound, DOC stocks increased by 66% (35.8 vs. 21.9 Gg), while POC stocks showed a slight, but signif-
icant, increase from 4.9 to 5.1 Gg C. The riverine DOC flux, just above head of tides, was 1.49 × 109 g C/day
2 weeks after passage of Hurricane Matthew. That flux decreased to about 8.27 × 107 g C/day about 20 days
after the storm. Daily riverine DOC fluxes to the NRE‐PS increased by nearly a factor of 20 after Hurricane
Matthew, much larger than the fivefold increase after Hurricane Irene in 2011 (Crosswell et al., 2014).
Riverine POC flux was 1.77 × 108 g C/day 2 weeks after Hurricane Matthew, decreasing to 2.62 × 106 g C/
day after ~3 weeks.

The magnitude of total C flux after Matthew was indeed substantial in 2016. The riverine DOC and POC
fluxes from Matthew were 25% and 36% of the corresponding annual fluxes in 2016, respectively
(Table 1), consistent with other EWEs in the region over the past 20 years (Paerl et al., 2018). Despite the
large flux of POC, the lack of a significant change in POC stock in the estuary suggests much of this material
was deposited rapidly in the upper estuary (Giffin & Corbett, 2003). [DIC] in the NRE‐PS was diluted by
Matthew's floodwaters (Table S4), yet riverine DIC fluxes were relatively large, andMatthew delivered about
22% of the annual DIC load (Table 1). Overall, the hurricane generated floodwaters that exported 19 Gg C,
66% of which was DOC, with much smaller fractions of DIC and POC, 26% and 8%, respectively. Thus,
unlike inland watersheds, DOC rather than POC remained the dominant form of C exported from a coastal
watershed after an extreme event (Dhillon & Inamdar, 2013).

Compared to 2009, a year without a major tropical cyclone affecting the region, the effects of Matthew on C
flux were striking (Table 1). Matthew's DOC flux in 2016 was nearly half the annual DOC flux in 2009.

Table 1
Estimates of C fluxes to North Carolina coastal waters from Hurricane
Matthew With Comparison to 2009, a Year in Which No Hurricanes
Impacted the Region

g C per event or annual

Pool Matthew
Annual in

2016
Percent of annual

in 2016
Annual in

2009

DOC 1.28 × 1010 5.14 × 1010 25 2.88 × 1010

POC 1.47 × 109 4.04 × 109 36 3.72 × 109

DIC 4.50 × 109 2.27 × 1010 22 1.77 × 1010

Total 1.92 × 1010 7.82 × 1010 25 5.03 × 1010

DOC:POC 9 13 — 8

Note. DOC = dissolved organic carbon; POC = particulate organic car-
bon; DIC = dissolved inorganic carbon.
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Matthew's POC flux was 39% of the annual POC flux in 2009, similar to
2016. In 2009, the DOC:POC ratio was 8, compared to a DOC:POC ratio
of 13 in 2016. Thus, a clear effect of Matthew was a greater export of
DOC than of POC from the watershed to receiving waters, possibly due
to deposition of POC in the upper estuary.

The major effect of this event, however, was the persistence of terrigenous
DOC in the estuary and sound in the weeks following Hurricane Matthew
(Figure 1a). First, the stable carbon isotope (δ13C) values of DOC for the
NRE‐PS were −26‰ to −31‰ after the storm, implying that terrigenous
OM sources were dominant (likely C3 land plants). SUVA254 values,
which serve as an index of aromatic organic C, ranged from
3.4–4.8 L·mg C−1·m−1, consistent with watersheds containing abundant
wetlands (Spencer et al., 2013). By contrast, δ13C and SUVA254 values
for samples collected from the inner shelf of the coastal Atlantic Ocean
(34°41′N, 76°40W), which communicates with PS through several narrow
inlets, were−23.1 ± 0.5‰ and 1.4 ± 0.5 L·mg C−1·m−1, respectively (Atar,
2017). These values are characteristic of planktonic primary production,
thus representing a coastal ocean end‐member of plankton‐dominated
OM mixing with terrigenous OM in the sound. Based on the dissimilarity
between the δ13C and SUVA254 values in the estuary and sound after the
storm and those for coastal ocean water, a significant planktonic influence
on DOC in the NRE‐PS was unlikely (Paerl et al., 2018). Second, the influ-
ence of wetlands on terrigenous DOC in the estuary and sound following
Matthew was exemplified by the range of wetland δ13C and SUVA254

values (−29.4 ± 0.7‰ and 4.9 ± 0.5 L·mg C−1·m−1, respectively) in con-
trast with values for the Neuse River above head of tides at Ft. Barnwell
during the same period (−25.9 ± 0.6‰ and 3.6 ± 0.5 L·mg C−1·m−1).
The lower δ13C values and higher SUVA254 values of the wetlands
bracketed the majority of NRE‐PS values, which strongly suggested the
importance of wetland DOC to these coastal waters, similar to many
upland watersheds with forested wetlands (Lambert et al., 2015;
Majidzadeh et al., 2017).

Further evidence of the distinctive wetland‐sourced DOC that persisted
for months after Matthew comes in comparison to recent observations
of the NRE‐PS just prior to Hurricane Florence in September 2018. The
Neuse River experienced high river flow (>150 m3/s) for several weeks
prior to Florence, resulting in mean values of SUVA254 and δ13C‐DOC
for the NR proper that were not significantly different than the mean
values following Matthew (P > 0.05). Prior to Florence, mean SUVA254

values were 4.2 ± 0.5 L·mg C−1·m−1 in the NRE and 3.3 ± 0.1 L·mg C
−1·m−1 in the PS, while mean δ13C‐DOC values were −27.7 ± 0.8‰ in

the NRE and−24.6 ± 0.7‰ in the PS. The high river flow in the weeks prior to Florence presumably flooded
the riparian wetlands adjacent to the river, which explained the DOC quality in the NRE prior to Florence
resembling post‐Matthew values (Figure 1a). In contrast, the lower SUVA254 and enriched δ

13C‐DOC values
in the sound prior to Florence indicated an absence of wetland‐derived DOC.

Thus, we posit that as the river became hydrologically connected to adjacent wetlands, mobilization of
wetland‐derived DOC into the main channel clearly augmented, if not dominated, any upland sources of
DOC. In the Yadkin‐Pee Dee coastal watershed in South Carolina, flow‐separation analysis indicated the
drainage of wetlands via subsurface pathways after storm runoff from Matthew had declined and thus
extended the shunt of terrigenous, wetland‐derived DOC to coastal waters, similar to what our observations
imply (Majidzadeh et al., 2017). These results, coupled with the long residence time of enclosed coastal
waters such as sounds, explain the surprisingly long retention of terrigenous material flushed from the

Figure 1. (a) Biplot of SUVA254 and δ13C‐DOC values for the Neuse River
Estuary and Pamlico Sound following Hurricane Matthew in 2016. Mean
(±1 standard deviation) of reference values of the river, its fringingwetlands,
and the adjacent coastal Atlantic Ocean also are shown, as well as values for
the NRE‐PS during baseflow prior to Hurricane Florence in 2018 (see text).
(b) Biplot of δ13C‐POC and atomic C:N ratios.
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watershed into the NRE‐PS, which persisted in this coastal system well
into November and early December roughly 2 months following passage
of Hurricane Matthew over the region (Table 1).

In contrast to the very clear effects of storm‐driven pulses of wetland DOC
in NRE‐PS waters, POC quality assessed using C:N and δ13C values indi-
cated a mix of terrigenous and planktonic sources (Figure 1b). River and
wetland δ13C values and C:N values overlapped. Generally, δ13C values
were −29 ± 1‰ while C:N values were <12. Mean δ13C‐POC and C:N
values for coastal Atlantic Ocean water were −21.2 ± 0.5‰ and
9.8 ± 0.9 (Atar, 2017), respectively, clearly outside the range of observa-
tions in this study, yet consistent for largely planktonic sources of organic
matter (Bianchi & Bauer, 2011). Carbon isotope values for estuarine phy-
toplankton can range between −35‰ and −20‰, influenced strongly by
inorganic C sources used during primary production (Bouillon et al.,
2011); δ13C‐DIC values in the NRE‐PS ranged between −3‰ and −16‰

(Figure S4) and could explain the depleted δ13C‐POC values for samples in the estuary and sound. These
samples also had C:N values between 6 and 10, close to median ranges for the NRE‐PS (Peierls & Paerl,
2010). While the breadth of these values overlap between strict terrigenous or marine (planktonic) sources,
POC in the sound appeared to be influencedmore by planktonic sources, based on C:N values generally <10,
especially well after the storm (Figure S5). Nutrient‐driven primary production in the NRE‐PS is dramati-
cally enhanced by hurricanes, which may partially explain the observed POC and δ13C values (Paerl et al.,
2006, 2018). These C:N and δ13C values could also be explained in part by the resuspension of estuarine sedi-
ment, as has been suggested for previous EWEs (Crosswell et al., 2014).

After passage of the storm, the region experienced roughly 6 weeks of clear, sunny days. Primary production

rates were enhanced under these conditions, increasing from 12 ± 19 to 31 ± 17 mg C·m−3·hr−1 between 17
October 2016 and 8 November 2016. This likely supported the switch in POC from terrigenous sources dur-
ing high flow to planktonic sources in the nutrient‐fueled weeks following the storm (Paerl et al., 2018).
Rates of primary production, even at their maximum in NRE and PS, also were not high enough to produce
the stock increase of DOC computed for these coastal waters (see above), especially given the high flow and
high turbidity common in flood waters (Paerl et al., 2018).

Ultimately, the lingering presence of wetland‐derived, terrigenous DOC in the NRE‐PS following Matthew

helped sustain a positive sea‐to‐air flux of CO2. Weather conditions in the NRE‐PS after Hurricane Matthew

were clear but breezy (Figure S6), which can enhance air‐water CO2 exchange (Crosswell et al., 2012; Van

Dam et al., 2018). Indeed, we observed sustained and mostly positive CO2 emissions across the NRE‐PS after

Hurricane Matthew (range: −4 to 131 mmol C·m−2·day−1), which extended well in to December (Figure 2).
This finding compared favorably to a non‐steady state box model of the NRE after Matthew, which showed
that the estuary acted as a DOC sink for 2 weeks following the storm (Hounshell et al., 2019). At this time,

SUVA254 values remained >3.0 L·mg C−1·m−1 and δ13C‐DOC values remained <−26‰ (Figure 1), indicat-

ing that DOC remained dominated by terrigenous, probably wetland‐derived, carbon. Fluxes of CO2 were

somewhat lower in the PS than in the NRE (mean = 5 mmol C·m−2·day−1 vs. 24 mmol C·m−2·day−1 for
the estuary). However, because of the relatively large size of the PS, areally aggregated fluxes for the entire

NRE‐PS were dominated by emissions from the PS (Table S5). CO2 emissions from the PS are likely affected
by inputs from the adjacent Tar‐Pamlico River system; thus values in Table S5 are listed for both the NRE, as

well as the NRE + PS. We believe the most appropriate value falls between these estimates. Overall, CO2

emissions from the NRE‐PS were about an order of magnitude less than lateral C fluxes, which were domi-
nated by DOC, a result consistent with prior events (Table 1; Crosswell et al., 2017).

Recent work on the NRE following Hurricane Joaquin showed a similar magnitude of CO2 release from sur-
face waters, attributed to riverine CO2 inputs, and microbial degradation of terrestrial DOC to DIC (Van
Dam et al., 2018). Results of this study also indicated a clear role for microbial and/or photochemical proces-
sing of terrestrial DOC as a key lingering effect in the NRE‐PS (Osburn et al., 2012; Paerl et al., 2018). After
the 2011 Mississippi River flood, microbial genomic information indicated that soil microorganisms capable

Figure 2. Spatiotemporal distribution of sea‐to‐air CO2 fluxes from surface
waters of the Neuse River Estuary and Pamlico Sound. Values are plotted as
kilometer downstream from the head‐of‐tides sampling station on the
estuary. White areas indicate no data.
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of degrading terrigenous DOM were present in the plume waters of the
north Gulf of Mexico and contributed to net release of CO2 to the atmo-
sphere (Bianchi et al., 2013). Therefore, we hypothesize that similar
mechanisms were at play in the NRE‐PS, in which flood waters carried
with them not just wetland‐sourced organic matter but also the microbial
populations capable of metabolizing that material.

Because exchange with the coastal ocean is restricted to a few narrow tidal
inlets, residence time in the PS is relatively long (~1 year), enabling sub-
stantial degradation of organic matter (Lin et al., 2007). After Matthew,
the relatively clear, sunny weather in late October into November
occurred when water temperatures in the NRE‐PS remained between 10
and 20 °C, a range over which bacterial production tends to increase
and was maximized following pulses of floodwater following Hurricane
Isabel in 2003 (Peierls & Paerl, 2010). We suspect that the lingering effect
of these EWEs is the sustained mineralization of terrestrial DOC to CO2

following these pulses, which played a key role in sustaining the large
observed CO2 emissions.

We synthesized the observations in Figures 1a and 2 to present a concep-
tual model of DOC sources and CO2 cycling in coastal waters based on
wetland flooding caused by EWEs (Figure 3). Events having precipitation

sufficient to mobilize DOC stored in forested swamps and wetlands cause a change in DOC quality in coastal
waters with long enough residence times to enable sunlight and/or heterotrophic microorganisms to oxidize
DOC to CO2. This production of CO2 initiates or sustains a regime change of coastal waters from CO2 sinks
to CO2 sources. Lateral fluxes of wetland‐derived terrigenous DOC not degraded in estuaries and sounds
may be further degraded in adjacent coastal waters. Lagoonal systems such as the NRE‐PS comprise about
24% of estuaries globally (Dürr et al., 2011). These environments, as well as large river plume regions, where
long residence times will enable photochemical and microbial conversion of terrigenous DOC back into
CO2, will be key observational sites and serve as sentinels for changes to coastal carbon cycling as global
climate change proceeds.

4. Conclusions

Results from a 500‐year flooding event showed that terrigenous, wetland‐derived DOC flushed into receiving
waters can have persistent effects on carbon cycling processes, which linger for months afterward. Record‐
breaking rainfall patterns are predicted due to the warming of the atmosphere and an increase in its ability to
store moisture (Lehmann et al., 2015; Walsh et al., 2016). While much attention is justifiably focused on the
effects of storm surge and associated flooding, landward effects of flooding in coastal watersheds can pro-
duce large pulses of DOC from the landscape. These DOC pulses are subsequently shunted downstream
to estuaries and coastal waters to await their complicated fate (Raymond et al., 2016). This work suggests
that reactive organic matter exported from watersheds to coastal waters after EWEs is at least partially
degraded to CO2 and could sustain the large CO2 emissions that were observed, perhaps a key poststorm fea-
ture in estuarine and coastal ecosystems (Avery et al., 2004; Bianchi et al., 2013; Osburn et al., 2012).
Conditions leading up to a EWEmay also be important, enabling a coastal watershed to be poised to release
large amounts of C into downstream waters or, in the case of subsequent storms, perhaps stripping a
watershed of leachable C. Under either scenario, it will be important to include meteorological, soil, and
wetland biogeochemical information to better understand subtleties in the characteristics of carbon released
from watersheds during extreme events and transformed in coastal waters.
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