Storyline O1 :

Improving Coastal Lagoon Benefits Under
Multiple Pressures

Focal PA : Wadden Sea
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Focal Protected Area :

Wadden Sea

* International Protected Area requiring
tri-lateral agreements on management
practices

* Wide range of national and international
monitoring programs

* Highly heterogeneous system with a
mosaic of habitats

* World Heritage Site, Natura 2000,
Collection of National Parks

* Project focus is the Dutch Portion of the
Wadden Sea including the German
portion of the Ems Dollard

Geomorphological region

Salt marshes 400
Intertidal sand and mud flats 4.700
Subtidal flats and gullies 3.700
Islands and dry sandy shoals 1.000
Offshore area (to about — 15m depth-line seaward of the 1slands) 5.100
Total Wadden Sea Area 14.900

This project has received funding from the European Union’s Horizon 2020 research and ECOPOTENTIAL FInal General Assembly
innovation programme under grant agreement No 641762 I Rome, Italy: May 20t-24th, 2019
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Storyline O1

Primary Services :

* Tourism

* Mosaic of Habitats

* Avian & Mammalian pop.
Fisheries and Nurseries
Shipping Channels
Regulation and Maintenance

* Flood Protection

* Coastline Protection

* Mediation of Wastes

* Cycling of Nutrients

Assessment Methods :

* Process Based Modelling
* Derivation and combination of RS and modelling Applications
* Bayesian Networks for data product and information integration

This project has received funding from the European Union’s Horizon 2020 research and ECOPOTENTIAL Final General Assembly
innovation programme under grant agreement No 641762 I Rome, Italy: May 20th-24t, 2019
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DPSIR Type Nearest Essential Variable
RS In situ

Habitat Types and Land cover (including denoting the extent of the determining
Extent vegetation type) intertidal zones, and the sediment types and
types of cover within the cover of certain
certain areas (sediment ranges
types)
Ratio in presence of Land cover (including tracking the changes and  Observation and
successional stages salt vegetation type) evolution of the marsh tracking of the
marshes areas, to be confirmed by  species and stage
In-Situ observations and composition of the
field visits salt marshes
Total production Ecosystem function (Net determine the primary Determination of
primary productivity, production via Chl-a most and
Secondary productivity, detection. Determine the  confirmation of
Nutrient retention, clustering and locations of  some secondary
Disturbance regime) secondary producer producers,
colonies. confirmation of
primary
- production.
This project has received funding from the European Union’s Horizon 2020 research and ECOPOTENTIAL FInal General Assembly

innovation programme under grant agreement No 641762 I Rome, Italy: May 20t-24th, 2019
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MPB Primary Productivity in
_ Intertidal Sediments
Micri
¥ ¥
: : High MPE PFrimary Productivty Low MPE Primary Productivty
e Be Hydrodynamic Regime in Sand Sediments (Stable in Sand Sediments (Unstable
sediments, more nutrients, sediments, II:‘!SS nutrients,
CC low biology) low hiology)
wi . " ! i
e Sea Waves
53 Cohesive sediment particles: Non-cohesive sediment
e s less resuspension particles: high resuspension
S :
lo i i
] Sediment Sediment High Extracellular Polymeric Low Extracellular Polymeric
lik Supply Deposition Substances (EPS):High substances éEPs}: Less
trapping and gluing of trapping and gluing of
re sediments sediments
I | ) ¥
] |
e Ar
Development of Intertidal Abundance and diversity of
ak Mudflats MPE diatoms
l . 1
High percentage of mud-sized High percentage of sand-sized
{clay and silt) sediments sediments

ECOPOTENTIAL Final General Assembly

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 641762 Rome, Italy: May 20th-24t, 2019




The MPB model was trained using the four
parameters from Part 1 as input and benthic
diatom model from NIOZ as output using the
Random Forests algorithm. Random Forests
are an ensemble learning method for
classification that construct a number of
decision trees at training time and outputting
the class that is the mode of the classes
output by individual trees.
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Sediment Fractions Map

MERIS Level 2 Products

Sediment Grain Size In-situ Measurements Location Map
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Sediment Training: Random Forest Results
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MicroPhytoBenthos (MPB)

Higher accuracy and model reliability
in the winter months when overall
concentrations are lower

Requirement for more training and
cross-validation data in order to
enhance and improve the
predictability of the model

Additional information on the
sediment atlas generated in order to
have a better description of the
dependent elements would aid in
improving the predictive capabilities.

. innovation programme under grant agreement No 641762

Enabling Delta Life

MFB Training: Random Forest Results (May 2004)
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NN Interpolation, method = Agglo, clusters = 7,

54.5

Trend Detection and Clustering for
Remote Sensing Data Products

54.0

53.5

* Clustering techniques used:

* Agglomerative — based on
hierarchical clustering

* Birch — based on construction
of a Characteristic Feature
Tree 515 s

Latitude
w
o
o

v
B
U

52.0

* K-Means — aims to create
clusters of equal variance L ™

NN Interpolation, method = KMeans, clusters = 7

e Clustering was used to identify
spatial patterns for:

e Daily (1D) data

* Monthly data —
multidimensional clustering of
all dates in a month

Latitude

* Yearly data —
multidimensional clustering of
all dates in a bloom period

’:r This project has received funding from the European Union’s Horizon

* innovation programme under grant agreement No 641762 3.0 35 40 45 5.0 55 6.0 6.5 7.0 75
* * * Longitude
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54 g_inear Interpolation of EOF 1 decribing 63.75% of the variance

Trend Detection and Clustering for
Remote Sensing Data Products

54.0

Empirical Orthogonal Functions are a dimensionality
reduction technique often used for spatiotemporal climate -
data (Filipponi et al 2017; Yosef et al. 2017)

Goal: Identify dominant modes of spatiotemporal variability ~s:s
of Chlorophyll
The dataset was reshaped to a 2D matrix A [MxN]:
* M locations
* N time steps

Latitude

52.0

SVD of A was computed: 51.0

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5
Longitude

T
o =
SVD (A) UxS*V 2 %.inear Interpolation of EOF 1 decribing 72.96% of the variance

* U and V contain the left and right singular vectors and S
contains the singular values

EOFs=U * S, where EOF1 = EOFs[:,1t column], EOF2 =
EOFs[:,2" column] etc.

ECs=S * VT, for temporal patterns.

Variance described: Cov(S,S) = STS, 1t element of the =0
diagonal of the auto-covariance matrix divided by the sum
of the elements of the diagonal shows 1%t EOF’s percentage 5.5
of variance description, 2" element of the diagonal ...

Latitude

52.0

’:r This project has received funding from the European Union’s Horizon 2020 rese
* innovation programme under grant agreement No 641762




Latitude
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Linear Interpolation of Trend Slopes

Chlorophyll-a and Total Inorganic Matter | *°
0.005
* Information and location / e
acquisition potential for all codes
and algorithms used available and 52.5 10.000
provided via basecamp
53.0
Linear Interpolation, method = KMeans, clusters = 7, g r—0.005
S52.5
52.0 ‘L—0.0IO

Linear Interpolation of EOF 1 decribing 26.08% of the variance
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Automated Shoreline Detection

Sentinel-1 data products:

. Beginning from a Comparison of DLR Algorithm detection
and open source codes

* Ground Range Detect

* Focused SAR data detected, multilooked and projected to
ground range using an Earth ellipsoid mod)el

Partial dual polarisation VH

* High Resolution

* Pixel Spacing: 10x10 m

e Spatial Resolution: 20x22 m
 https://scihub.copernicus.eu/

Very High Resolution image acquired by
Sentinel-1 platform on 7th of June 2017.

This project has received funding from the European Union’s Horizon 2020 research and [| ECOPOTENTIAL Final General Assembly
* innovation programme under grant agreement No 641762 I] Rome, Italy: May 20t"-24t, 2019
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: Storyline O1

Automated Shoreline Detection

Video Monitoring System at Torre

Canne, Italy
* Resolution: from decimeters to around 13 m
* 600 images every 30 minutes

e http://91.121.30.84/

Mean difference: 1.17 pixels

Cameras location at Torre Canne
and the coastal stretch framed.
Valentini et al., 2017.

May 2013 *May 2015

This project has received funding from the European Union’s Horizon 2020 research and I ECOPOTENTIAL FInal General Assembly
innovation programme under grant agreement No 641762 I Rome, Italy: May 20t-24th, 2019




Automated Shoreline Detection

* 4

* X 3

Result obtained by using a median-filtering
approach by means of a kernel size of 3x3.

Enabling Delta Life

Result obtained by using a median-filtering
approach by means of a kernel size of 5x5.

Result obtained by using a median-filtering
approach by means of a kernel size of 7x7.

This project has received funding from the European Union’s Horizon 2020 research and I]
innovation programme under grant agreement No 641762 I]

"‘*‘*

Result obtained by using a median-filtering
approach by means of a kernel size of 9x9.

ECOPOTENTIAL Final General Assembly
Rome, Italy: May 20th-24t, 2019
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Comparison between Satellite Derived (SD) shoreline and Video-

Automated Shoreline Detection Monitoring (VM) systems shoreline.

Applicability to shallow
large tidal influence
shorelines as well as rocky
and rocky lower tidal

Legend:

= SD shoreline
= VMshoreline

January 15, 2017
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Date

Spinosa, A., Ziemba, A., Saponieri, A., Navarro-Sanchez, V. D., Damiani, L., & El Serafy, G. (2018, October). Automatic Extraction of Shoreline from Satellite
Images: a new approach. In 2018 IEEE International Workshop on Metrology for the Sea; Learning to Measure Sea Health Parameters (MetroSea)(pp. 33-38).

IEEE. DOI: 10.1109/MetroSea.2018.8657864
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Storyline O1

i — Abilic i " . —— Biotic feedback on
Historic situation: =iy e i iy - Cu situation: - landscape processes
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- ecosystem engineers important traphie interaction - human engineering important @ Ecosystem engineer
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- - spedcialised on i mm.’ specialised on | [ T i i
‘specialised on | | speciatised on L

' bivales S bivalves | | Epibenthic |

| ; | | biodiversity

Local resources condilions
high sediment stability
low nutrients
high gt
Little Little High Strong
: --------- -I.. r-——————- r ‘‘‘‘‘‘‘‘‘‘ % O rlllhu.‘lll-ﬂlhﬁ.lil_ﬂjﬂl I——.——
, Human | = Natural hydrodynamic & i Human ! Human | ; Natural hydrodynamic & ! Human |
Eciahnbmna::_gamp?mgicalbmaﬁ \ engineering ! :-l:ish.u'hanua|5 geomorphological forces :Ianginaeri'rgl
----------- L] (RS S e R e ——— — o — - — - — —
This project has received funding from the European Union’s Horizon 2020 research and ECOPOTENTIAL FInal General Assembly

innovation programme under grant agreement No 641762 I Rome, Italy: May 20t-24th, 2019




Storyline O1 Deltares
Enabling Delta Life ;

T

Climate Conditions Maintenance -
———

o

T — Sand redai Trawling Mechanical
Water 5 nourishment !_ kil P = (lug) worm
temperature ea level / _ / fishery
[ /X = el |

_'_,..-'"rJ—

_ Heavy
Pestizides metals PAH
Water Quality

| B e o 1 ] 1 | Ermrimsinsineiier |




Absolute Change to baseline (%)
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Access to measures selection menu Measures selection menu
Round number - Score for ecosystem service

Coastal protection

Additional nourishment: barrier islands

Infrastructure
| Pollution limits/policies. Intand connection: road
Habitat creation Tourist accommodation

Mining
Sand mining
Gas mining

Visualization of measure after selection

1) Demonstrate trade-offs between ecosystem services 2) Based on modeling, remote sensing, and monitoring data
3) Takes advantage of Bayesian Belief Networks as the 4) Facilitates discussion between stakeholders on the
backbone of the game to highlight uncertainty in measures implementation of possible measures and their effects, as well

5) Allows players to explore the effectiveness in optimizing  2° the difficulties in coming to agreements

ecosystem services for specific goals and the uncertainty in  6)Disseminate ECOPOTENTIAL outcomes in a fun and
the pathways measure to achieve such an optimization interactive manner

This project has received funding from the European Union’s Horizon 2020 research and ECOPOTENTIAL FInal General Assembly
innovation programme under grant agreement No 641762 I Rome, Italy: May 20t-24th, 2019
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atmosphere atmosphere
water quality
DO,N,PSi,S,CHy phytoplankton
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sediment

suspended detritus

micro-
phytobenthos

pore water and deposited AP
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10

(+2°C)

Experiment 1 Water Temperatute (Site 2)

DINOFLAG
MDIATOMS
MFLAGELA
PHAEOCYS
DINOFLAG (baseline)
MDIATOMS (baseline)
MFLAGELA (baseline)
PHAEOCYS (baseline)

Experiment 3 Water Temperatute (Site 2) || 5059
DINOFLAG
MDIATOMS
MFLAGELA
PHAEOCYS
DINOFLAG (baseline)
MDIATOMS (baseline)
MFLAGELA (baseline)
PHAEOCYS (baseline)

200

250

~ DINOFLAG (baseline)

- MFLAGELA (baseline)
- PHAEOCYS (baseline)

- PHAEOCYS (baseline)
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(+ 1°C)

Experiment 2 Water Temperatute (Site 2)

DINOFLAG

MDIATOMS
MFLAGELA
PHAEOCYS

MDIATOMS (baseline)

Experiment 4 Water Temperatute (Site 2)

DINOFLAG
MDIATOMS
MFLAGELA
PHAEOCYS
DINOFLAG (baseline)
MDIATOMS (baseline)
MFLAGELA (baseline)




Deltares

Enabling Delta Life 7_

T

Weekly trend of maximum Chlorophyll-a concentration

Baseline - Daily
SRES A2 - Daily
SRES B1 - Daily
—— Baseline
—— SRES A2

Site 1 (Marsdiep noord)

Chlorophyll (mg Chla/m3)

Baseline - Daily
SRES A2 - Daily
SRES B1 - Daily

v /|
: \ Jl \ |
TN NPT

Chlorophyll (mg Chla/m3)

¢ The growing season occurs earlier
¢ Daily variation of Chlorophyll resulted higher value of peaks

This project has received funding from the European Union’s Horizon 2020 research and ECOPOTENTIAL FInal General Assembly
innovation programme under grant agreement No 641762 Rome, Italy: May 20t-24th, 2019
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Future Projections

Monitoring locations

Scenarios
Output variables ‘ _
: Marsdiep
Baseline/control simulation Depths .
Chlorophyll-a P Sl
NO; Experiment 1: RCP4.5-2050 | Top, middie and Vliestroom
PO,* bottom layer* Dantziggat
' Experiment 2: RCP4.5-2085 . L _
Dissolved oxygen auwers )
/ Experiment 3: RCP8.5-2050
Shellfish Biomass Experiment 4: RCP8.5-2085 —4 Bottom layer West
) East
Y,

= 310 one-year time series

*Vertical averages were calculated and displayed
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105 kgC Wadden Sea West

50

40 = First setup = Proposed setup

« Lower biomass on the East

-Jan 30-Apr 31-Aug 31-Dec

Total shellfish biomass

side
105 keC Wadden Sea East
50 + Both areas seem to find a balance towards
E 40 r the end of the year
(=]
E 30 49% shallfish bioiriass » Drop in biomass due to oyster presence
=
g 20 L - High ingestion rate of C. gigas
E » Higher storage density of C. gigas

10 | : ey, —
e e §

1-Jan 30-Apr 31-Aug 31-Dec
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Future Projections

§ Nitrate Marsdiep
p = Harlingen
- wV]iestroom
g - ——Dantziggat
o0 = Lauwers
2
0
1-Jan 30-Apr 31-Aug 31-Dec
0.16 Oﬂhophosphate Selected Stations considered for water quality monitoring
540
1-Jan 30-Apr 31-Aug 31-Dec
530

1-Jan 30-Apr 31-Aug 31-Dec

Dissolved Oxygen
18 xye 30
L]

,___E_ 12 va".ol-"'"""“'H“ &)
s = :
6 -7 = 1 10

h.-q“"‘-"‘g" \s.‘.,‘\‘ I
0 L . 0
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Future Projections

25
mE] ®mE2 m=mE3 mE4
15
6.91836 Chlorophyll-a Harlingen
5 2,92847 1R85
=
< .5
-6,72517
15 E L 1185805 -10.7968E* g o
-15,05160 1 3
-18,24293 g
25 H
Marsdiep Harlingen Vliestroom Dantziggat Lauwers §
+ MER ZW project report: primary production is more light-dependent than nutrient- ]
dependent
+ Lauwers: only station where Chla increases
« Shallow channel, good light penetration S o;'
+ High nutrient load near the estuary
» Increasing RMSD + decreasing correlation
« Changes to the general pattern of primary productivity
+ CCin the North Sea would cause a reduction of Chla between 12% and 2% (Holt
etal., 2016)
+ My results fall within this interval
This project has received funding from the European Union’s Horizon 2020 research and ECOPOTENTIAL FInal General Assembly

innovation programme under grant agreement No 641762 Rome, Italy: May 20t-24th, 2019
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Copernicus Marine

CMEMS &
COPERNICUS

.......... [

X @

products

........

In-sity

Wadden Sea
PACE Model

-------- y Acquiring & converting
Pre-processing : mmmg {  boundary conditions and

forcing to execute models

Data integration

Execution of

individual models
and in sequence
utilizing CMEMS

data

Automated
Calibration

Loop For |

' Wadden Sea
: PACE Model
______________ [osrenenneeeaat
o y
Updating | -----ecemeeeeTeneicininaen,

Wadden Sea
PACE Model

Sentinel-3 }

Satellite

e fi' '
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Advantages:
= Confirms global patterns of SPM concentration variation

resolved by remote sensing

= Local gaps could be smoothly interpolated

® Complete spring peaks could be reconstructed

= Spatiotemporal autocorrelation = error reduction in the
data

* improved spatial coverage = better representation of
both the spatial- and temporal variability

A

spatial  singular temporal
= t=d e=l modes  values  modes

[=)]
£ sv(1) -
oF
# = w;
Sy %o sv(2) I i :
s Qc
2, ,.' EC
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= assessment T
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l COPefm @ | CMEMS&
Y& copernicus

| T
' DB XN @

I i Models satellites In-situ '

| Copernicus Marine - Wadden Sea
I Service Data products PACE Model

I jueemenasRanaanay . Acquiring & converting
Pre-processing | Interface | boundary conditions and

1)+ CMEMS Regional Models:
Data is downloaded from COPERNICUS.

‘= %l 2) Conversion:
NetCDF data is converted to m file,
compatible with MATLAB.

forcing to execute models

e e— e e— e— — — E— —

_________ o
I Data integration
¥
I (.‘uuuuu.:-:e9.-”:.-.-9.-?!!!"'!'""v.-.,;,&“v..“A: Execution of 3) Processing:
old H Sediment 3 ' | individual models =
\ . » i FLOW : Waves | -0 = ECOOVE | o in sequence Datais doyvnscalt?d and fitted on the
. Siiiiisiiideceeceeeidaiaaaaaianaaast oo ommoo e utihzing CMEMS computational grid.
4 data
N .
i .~
Automated Data
Calibration | o--------eeee Mool b e =
{ ‘OpenDA '5 T —— =E ‘% 4) DELFT3D-FLOW:
. " L. . S Se— L FiIBS .
Loop For ! : : Sentinel-3 = —__"_" Boundary conditions are defined.
\_|__Each Model __ - P o Satelite (e T
Wadden Sea
PACE Model : 4 Gap-Filled :
""""""" it : DataSet |
il . T 4) Calibration:
: ‘OPMDA ; e | Model is run and calibrated.
' &
Wadden Sea
PACE Model
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Calibration Via Hindcasting for Short Term Forecasts

S3 - station measurement comparison 2018-03-01
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* Scatter plot of Chla model against
different types of observations

* The in-situ Chl-a observations are
given in black and those of MODIS
are given magenta (right) and
blue(left)
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* In both figures, the EO TSM driving
forces, are having a positive effect
on the start of the bloom and the
maximum concentration of the 1
bloom. 2
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* At low concentrations, noisy results
are observed from the model
results, smoothing of the EO-TSM is
thus suggested by taking less

modes in the DINOEF gap-filling
procedure and apply smoother
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The model performance has been improved mainly at high
concentrations in comparison to the in-situ measurements
(black dots).

It also indicates that the model underestimates the
concentration at low concentrations.

These results do show an improvement and a shift in the
model performance which better aligns with the in-situ
monitoring data which is typically taken as the ground
truthing measurements.

Further improvements are expected with the
implementation of the Sentinel Series data (Ocean and Land
Colour Instrument OLCI) are running expected publication of
results in August
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