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CONCLUSIONS
Flow through estuaries in Mediterranean climates:
e Episodic
* Range of temporal scales need to be considered

e Sediment flux between estuary and wetland:
infragravity dominated

e Highly vulnerable to anthropogenic impacts

e Drought, climate change effects exacerbated by
humans
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Bar-Built Estuarine Dynamics
An introduction:
e Mediterranean & Semi-Arid Climates
e Tides
e Waves
e Inlet Closure
e Tidal dynamics
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Summer in Mediterranean climates: oceanic
highs prevent precipitation

Grotjahn, R. (2015). GENERAL CIRCULATION OF THE ATMOSPHERE | Mean Characteristics. In Encyclopedia
of i 4.7

(pp. 73-89). Elsevier. htps://doi.org/10.1016/b978-0-12-382225-3.
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Semi-Arid & Mediterranean Climates
] Watersheds
BSh Arid, steppe, hot
BSk Arid, steppe, cokd
Csa Temperate, dry summer, hot summer
Csb Temperate, dry summer, warm summer
"] Csc Temperate, dry summer, cold summer
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Cresswell-Clay, N., Ummenhofer, C.C.. Thatcher, D.L. et al. Twentieth-century Azores High expansion
unprecedented in the past 1,200 years. Nar. Geosci. 15, 548-553 (2022). hutps:/idoi.org/10.1038/
S41561-022-00971-w
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Fig. 6. Proportion of days within one day of a closure event, based on the nearshore
wave height (H,) and peak daily inlet flow (Quic, max). This reflects data from the
years 1999-2008, when a tide gage was operated within the estuary. Except during
winter, the majority of Qiner, max is associated with tides.

Behrens, D.K., Bombardelli, FA., Largier, J.L, and Twohy, E. 2013. Episodic closure of the tidal inlet at the mouth of the Russian River — A small bar-built estuary in
California. Geomorphology, 189, pp. 66—80. doi: 0.1016/.geomorph.2013.01.017
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Infragravity (IG) energy:
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intermittently closed estuary I
46(1), 84-108.

Anthropogenic processes are
Suspended sediment changing sediment load to the coast

sediment load increase:
deforestation
mining

agriculture Land use changes:

road construction .. .
mining, deforestation,

agriculture

dynamics

Sediment or
s streamflow limiters:
ndus dam construction,

sediment load decrease: . .

$ao Francisco [ dams water diversion
waterway diversions
Ebro  Nile| riverbank hardening

ratio of pristine sediment load IQ Anthropocene sediment loads

10 100 1000
years ago (before the present)

Figure 5. Relative changes in the sediment loads carried by select rivers. Note that climate .
variability has been removed from these trends, by taking averages across 10-20 years. (Syvitsky & Kettner, 2011)
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Low SLR Moderate SLR

Mean elevation (2*)

(Thorne et al. 2018)

High SLR

Sea level rise scenarios - 100 % loss of

coastal marshes in California by 2100.
& eLack of sediment flux

*Lack of space for marsh migration
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i Wetlands in Mediterranean climates (e.g.
4 California, Chile, Australia, South Africa) -

¥7Soils have low organic content - wetland accretion
requires sediment delivery from watershed

To keep up with sea level rise, suspended
sediment delivery required.

How is sediment delivered from estuary
| (watershed) to the wetland?

San Antonio ¢
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s 4.5 minute rectified drone video
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Water level falls,
Water level rises, Turbidity

Velocities toward increases,
marsh edge velocities toward
- = channel

SPM ~0.8 g/l

~Intertidal flat

Turbidity [FTU]

Intertidal frame:
CTD
Turbidity sensor

Velocity [m/s]

Depth [m]

14:;35 14:10 14:15
10 Sep 2021 (time: UTC)

Do peaks of suspended sediment on IG timescales

15 minute interval (rising tide) contribute to flux of sediment across intertidal mudflat?
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VELOCITY: TURBID WATER (DRONE)

Intertidal flat

0.8 0.5

)
Velocity [m/s]

INFRAGRAVITY VELOCITIES - MOVING
SEDIMENT UP AND DOWN INTERTIDAL FLAT:
IS THERE TRANSPORT?
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SUPPRESSION OF TURBIDITY WITH VERTICAL CTD PROFILES AT THE INTERTIDAL FRAME

STRATIFICATION

SHORT TIMESCALE SEDIMENT DYNAMICS

e Infragravity (IG) oscillations in bar-built estuaries
contribute to sediment resuspension on intertidal
flats.

¢ Sediment (turbidity) fluxes between the estuary and
salt-marsh are dominated by the IG components

e Mudflat resuspension highest early in flood, possibly
EESPEEEF LS limited by salt-stratification.

10 Sept. 2021
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Rio Aconcagua, Chile (32.9S,71.5W)

Pescadero Creek, California{37.2N,122.4W)

LONG TIMESCALE SEDIMENT DYNAMICS? , ——— N Rar

Image copyright (C) 2002-2014 Kenneth)
& Gabrielle Adelman,

Galifornia Goastal Records Project,
www.californiacoastline.org

Pescadero estuary,
California
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Dominant variables in inlet closure

river tidal
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Satellite time series: Landsat 5-8, Sentinel-2: 1985 - present

InletTracker toolbox (Heimhuber et al. 2021) - is a python toolbox that uses Google
Earth Engine to obtain Landsat and Sentinel-2 data, and water indices
to determine intermittently-closed estuary inlet state.

Here, the modified Normalized Difference Water Index is shown for two cases in
2020 to show closed and open conditions.

w53 T

4/

Fu, W.and Glamore, W.. 2021, InletTracker: An open-source Python toolkit for historic and near real-time monitoring of coastal inlets from

Landsat and Sentinel-2. Geomorphology, 10783

Sentinel 2 - 2 July 2020
Open inlet

L
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NDWI = ———
Green + NIR

Green — SWIR1

mNDWI =
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-

Sentinel 2 - 9 January 2020

Closed inlet
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Satellite t|me series: Landsat 5-8. Sentinel- 2 1985 present

Aconcagua Inlet State: 1985 - present
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Python toolkit for historic and near real- itoring of coastal inlets from
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Fig. 6. Proportion of days within one day of a closure event, based on the nearshore
wave height (H,) and peak daily inlet low (Qae, mus). This reflects data from the
years 1999-2008, when a tide gage was operated within the estuary. Except during
winter, the majority of Qe mux s associated with tides.
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Streamflow Qr ~0m3 g vs 0 +A

Streamflow, Puente Colmo - 6km upstream from inlet -
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Why have we seen this transition from a usually open to a usually

« The wave climate has slightly increased, but is already sufficiently large
to prompt inlet closure in smaller systems

« The streamflow has been reduced by drought AND by water
management: newly installed downstream gauge shows Q, = 0 m/s.

« With increased water use, a dike has been constructed 2.5 km
upstream from the inlet, changing the tidal prism and thus tidal flow
through the inlet.

Colmo: 6km from coast
Romeral: upstream

Shift in normal is related to

| climate change and drought,
but caused by poor

| management of water

resources.

——Q[mYs] Romeral
——Q[m’s] Colmo

|

| Implications include lack of
freshwater, watershed
sediment, nutrients to
wetlands, the coast, and
coastal ecosystems.
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CONCLUSIONS

Flow through estuaries in Mediterranean climates:

e Episodic
* Range of temporal scales need to be considered

e Sediment flux between estuary and wetland:
infragravity dominated

e Highly vulnerable to anthropogenic impacts

¢ Drought, climate change effects exacerbated by
humans
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