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Objectives

« Explore relationship between historical dredging data and hydro-meteo variables in the port

« Evaluate if a machine learning model is able to effectively predict dredging needs for a given
combination of environmental parameters

» What are the links between aggregated dredging volumes for different basins and
environmental parameters in the port of Rotterdam?

« How could a machine learning model be trained to effectively predict dredging volumes in
the port of Rotterdam?
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Phases Iin the research

|. Data gathering and preprocessing A\ P Ceoenc
- [ Baggervakken g

lI. Correlation analyses

lll. Modelling
1. Basin level
2. Baggervakken level

4 Google Satellite
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Distinction between baggervakken and basin
for the Maasvlaakte
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Phase 1: Data

Max dredging in BVs:
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Volume

(m°)
36,601,516

26,322,720
16,945,600
11,926,674

Total dredged volumes per baggervakken in
aggregated dataset

Total volume (m#3)
s [ 15-1013
g% [ ] 1073 - 1015
@ ] 1015 - 107
Bl 10~7 - 1078
% Google Satellite
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Total dredged volumes per baggervakken in
aggregated dataset, normalized by area

: Volume per area

(M”3/ m~2)
CJ0-05
105-5

- TTEBE

B 15-25
Bl 25 - 30

Bl 30 - 35

Aa POR area
Aa RWS area

Google Satellite




Locations of silt traps in the port
” 'i,‘ Lty | T’g‘ir—i‘”‘*‘-v,- 3\ W \\‘\'ﬁ.“:‘

Made available via internal communications
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Environmental data

Parameter code m_mm Time covered

WATHTE Water height Hoek van Holland 2007-2024

GELDHD Conductivity mS/m Hoek van Holland, 2008-2024
Lekhaven

Q Discharge rate m3/s Maasluis, 2008-2023,
Haringvliet 2012-2020

SROOMSHD Flow velocity m/s Spijkenisseburg 2008-2024

WINDSHD Wind speed m/s Hoek van Holland 2008-2024

WINDRTG Wind direction Degrees relative Hoek van Holland 2008-2024

to North

TURB Turbidity NTU Moerdijk brug 2008-2014

T Temperature C Hoek van Holland 2007-2024

HmO Wave height m Eurogeul 2008-2024
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Legend

@ Measuring station
: I RWS regions
] POR regions
! Google Satellite

[Eurogeul|Ej13]
HmMO)

Environmental data: measuring station
locations and parameters measured

Moerdijk [Em@ troebelheldmetlng)
IURB
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Calculated parameters

Parameter Calculation

Tidal range From water height

Practical salinity From conductivity and temperature according
to PSS-78 algorithm

Wind energy Wind speed squared

Weekly

Daily aggregation Interpolation aggregation
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Phase 1: aggregating environmental data

Plan for
Week 4 Week 2 dredging
made
| | | | | L,
| \ | I \ |
Week 3 Week 1 Total
dredged
Lﬂ—J volume per
7 day rolling week
\ aggregation
|
14 day rolling
\ aggregation }
21 day rolling
\ aggregation }
28 day rolling
aggregation
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Aggregation method

Most parameters mean
Wave height max
Wind direction mode

+

Additional parameters:
# Days NW wind

# Days large waves

# Days storms

Week number
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Phase 2:
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Correlation analysis

Daily aggregates
hydro-meteo data

Weekly dredging

Correlation analysis
(environmental vs.
dredging)

Most correlated
weekly aggregation

Combined
dataframe

Correlation analysis
(all predictors)
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Environmental parameter

Phase 2: Correlation analysis

Spearman correlations between weekly dredged volumes and environmental parameters (B;I'go

Beaufort - 0.01
DaysLargeWaves - -0.01
DaysNWwind - 0.02
DaysStrongWind - 0.02
HmO_observed - -0.01
PSU_HOEK - -0.10
PSU_LEK - 0.09
Q_HV_m3/s - 0.20

Q m3fs - 0.09
STROOMSHD_m/s - 0.14
TURB - -0.13

T_oC - 0.13

TidalRange - 0.11
WATHTE_cm - -0.11
WwindEnergy - 0.02
WindSpeed_m/s - 0.02

i
7_day_window
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-0.02

0.20

0.10

0.13

0.01

0.00

'
14_day_window

0.03

0.07

-0.03

-0.04

-0.04

0.19

012

0.14

-0.01

-0.02

'
21_day_window

Rolling window size

-0.02
-0.07
0.75
-0.04
-0.03
- 0.50
-0.02
-0.14
- 0.25
-0.14
0.20
- 0.00
013
0.15
- —0.25
-0.13
-0.17
--0.50
0.15
-0.15
-0.75
-0.00
-0.00
-1.00

i
28_day_window

Spearman Correlation

Environmental parameter

Spearman correlations between weekly dredged volumes and environmental parameters (M1\'?o

Beaufort - -0.06
DaysLargeWaves - -0.05
DaysNWwind - 0.03
DaysStrongWind - -0.03
HmO_observed - -0.08
PSU_HOEK - -0.08
PSU_LEK - 0.02
Q_HV_m3/s - 013
Q_m3/s - -0.01
STROOMSHD_my/s - 0.03
TURB - -0.14

T_oC - -0.05

TidalRange - 0.06
WATHTE_cm - -0.07
windEnergy - -0.06
windSpeed_m/s - -0.06

|
7_day_window

0.12

-0.05

0.06

0.04

0.17

0.01

0.03

0.05

i
14_day_window

-0.12

-0.04

0.05

0.19

0.03

0.02

-0.04

i
21_day_window

Rolling window size

-0.09

l
28_day_window

- 0.50

-025

-0.00

--0.25

- —0.50

-0.75

-1.00

Spearman Correlation
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Phase 3: Modelling
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Test Sample Input

Tree 600

[ Prediction 1 | [ Prediction 2| (v..) [ Prediction 600

i s

Average All Predictions

.

Random Forest
Prediction

(Chenn and Kauffman, 2022)
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Approach

 80% - 20% train / test split .

« Baseline model and evaluation

« Hyperparameter tuning (pruning)
* Apply best hyperparameters, evaluate again

Hyperparameter Options

Number of trees 100, 200, 300, 400

Max depth None, 10, 20, 30

Min samples per leaf 20, 100, 250
Deltares

Test Sample Input

Tree 600

Average All Predictions

.

Random Forest
Prediction

(Chenn and Kauffman, 2022)
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Baseline vs. tuned model

Model and | Number of | Years
parameter | samples covered
desc

Haringvliet 4788
included
(baseline)

Haringvliet 7472
excluded
(baseline)

Haringvliet 4788
included
(tuned)

Haringvliet 7472
excluded
(tuned)
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2015-2020

2015-2023

2015-2020

2015-2023
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Baseline vs. tuned model

Model and | Number of | Years
parameter | samples covered
desc

Haringvliet 4788
included
(baseline)

Haringvliet 7472
excluded
(baseline)

Haringvliet 4788
included
(tuned)

Haringvliet 7472
excluded
(tuned)
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2015-2020 -0.13

2015-2023 0.10

2015-2020 0.11

2015-2023 0.22

46,200

43,000

40,700

39,900
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Baseline vs. tuned model

Model and | Number of | Years Max tree Min
parameter | samples covered depth (avg) samples
desc per leaf

Haringvliet 4788 2015-2020 -0.13 46,200
included
(baseline)

Haringvliet 7472 2015-2023 0.10 43,000 34 100 1
excluded
(baseline)

Haringvliet 4788 2015-2020 0O.11 40,700 21 100 20
included
(tuned)

Haringvliet 7472 2015-2023 0.22 39,900 10 200 20
excluded
(tuned)
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Phase 3.1: Modelling on basin level

regiocode_MV
regiocode_E
STROOMSHD_my/s
regiocode EU
TidalRange

Q HV_m3/s
regiocode BT
PSU

T_oC
regiocode G
HmMO_observed
WATHTE_cm
weeknummer
regiocode PN
regiocode EW
DaysNWwind
DaysLargeWaves

Features

regiocode_F
regiocode_1009-1013 -
regiocode_1004-1009 A
regiocode_FP -
regiocode 1013-1020 -
regiocode ST A
regiocode_1020-1023 -
dredgedby RWS -
regiocode_1023-1035 -
dredgedby POR -
regiocode_M2 -
regiocode_oms -
regiocode_1001-1004 -

DaysStrongWind

Feature Importances in tuned model

0.00
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T
0.10 0.15 0.20
Importance
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Inclusion of spatial variables

Legend

@ Basin entrance point
Guaranteed nautical depth (m)
Il -19--18
i -18 - -15,4
Bl -154--12
J-12-6
J1-6-0
Google Satellite

Guaranteed nautical depth and basin entrance | ===
point in the Botlek dredging areas
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Guaranteed nautical depth (GND)

Distance to basin entrance (Botlek and
Maasvlakte)

Area of the baggervakken
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Phase 3.2: Modelling baggervakken level

EU 0.07 9149

MV 0.10 21,126

BT 0.14 5140
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Features

GND

baggervakken_H-L-N-BT-004-BGV-ABG

PSU

DistToEntrance

weeknummer

baggervakken H-L-N-BT-004-BGV-ABK

HmO_observed

Q_HV_m3/s

STROOMSHD_my/s

baggervakken_H-L-N-BT-004-BGV-ABH

WindSpeed_my/s

TidalRange

baggervakken H-L-N-BT-096-BGV-AAM

DaysNWwind

baggervakken H-L-N-BT-096-BGV-AAD

BV_Area_m2

DaysLargeWaves
baggervakken H-L-N-BT-004-BGV-ABF
baggervakken_H-L-N-BT-096-BGV-AAN
baggervakken H-L-N-BT-004-BGV-AOZ -
baggervakken_H-L-N-BT-021-BGV-ABV -
baggervakken_H-L-N-BT-167-BGV-AAF -
baggervakken H-L-N-BT-232-BGV-ACR -
baggervakken_H-L-N-BT-085-BGV-ADZ -
baggervakken H-L-N-BT-168-BGV-AAL -
baggervakken_H-L-N-BT-128-BGV-AFO -
baggervakken H-L-N-BT-004-BGV-ABI -
baggervakken H-L-N-BT-004-BGV-ACM -
baggervakken_H-L-N-BT-139-BGV-AFR -
baggervakken H-L-N-BT-231-BGV-ACQ o
baggervakken_H-L-N-BT-249-BGV-ACN -
baggervakken_H-L-N-BT-053-BGV-ACX -
baggervakken H-L-N-BT-128-BGV-AAW -
baggervakken_H-L-N-BT-145-BGV-AJE -

Feature Importances in BT model

0.00

T T
0.05 0.10 0.15 0.20

Importance
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Conclusion

» What are the links between aggregated dredging volumes for different basins and environmental
parameters in the port of Rotterdam?

- Correlations differ slightly per basin
— Overall, correlations are quite weak
- Monthly aggregations seem to provide the best timelag

— Discharge at the Haringvliet has the strongest correlation with dredging, especially at basins closer to port
entrance

» How could a machine learning model be trained to effectively predict dredging volumes in the port of
Rotterdam?

— Hydro-meteo data alone does not seem to have enough predictive power
- Trade-offs in data availability > some extra measuring locations could be worth exploring
- Human influence should be considered (e.g. ship traffic)
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Main take-aways

« Don’t underestimate how long gathering and cleaning the data takes...
» Leave time for going back and forth between people who know more, try their advice

Deltares
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Thank you!

e
M
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Dirk’s model — feature importances

Aggregated Feature Importances in Random Forest Regressor

dredgrg_rate

PSABIC morth 1
HIC_marth 1
Q10_month_1
Wi#10_monta_1
WT10_month_1
mH_merth_1
DENS10_morth_1
loCaton_number
WO10_morth_1
PTSDDALIC_marth_1
PTSADALG morth L
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ol

02 (%] o4 0s
Aggregated Featurm Importance

(a) RFR mun 1 (R? = 0.61)

0.6

Aggregated Feature Importances in Random Forest Regressor

dredgr_rate
PSABLO_morth 1
Q10_momh_1
WiT10_month_1
HL0_morth 1
W¥10_monts_1
DEN310_month_1
PTSRDAL0_mrth_1
Fi_mvorth L
locaton_number
PTSDDAL0_morth_1
WOL0_marth L

00 01 0z 03 a4 as 06
Aggregated Feature Importance

(b)RFRrun 2 (R? = 0.57)

Figure D.2: Scores individual runs
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Appendix - imputation

Raw and STL imputed daily STROOMSHD m/s data

150

1.0 1

0.5 A

0.0

_UE -

—1.0 +

=1.5 A

—— STROOMSHD_m/s
Imputed values
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Appendix — Conversion factors TDS to m?

Basin________| Conversion factor

E 2.32
F 1.70
G 1.40
1001-1004 1.25
1004-1009 1.63
1009-1013 1.90
1013-1020 0.70
1020-1023 1.10
1023-1035 0.70
oms 0.70
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Appendix — collinearity between

weeknummer -
hoeveelheid - -0.23
WATHTE_cm -

STROOMSHD_m/s

HmO_observed - 0.071

TidalRange T E
windspeed_m/s - -0.032
Beaufort - 0.053
Q_HV_m3/s
TURBT 0.35
windEnergy - -0.036
DaysNWwind - 0.0046
DaysLargeWaves - 0.12
DaysStrongWind - 0.037

s~ |
[

weeknummer - §
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Spearman rank correlation amongst predictors in BT

-0.024
0.15
-0.0049
-0.023
02
-0.13

-0.0038 -0.29

-0.038 -0.016 -0.14 023 016 -0.11 -0.0028 021 -0.093 -0.091 022 -0.19

-0.068 0.61 0.19 -0.17

-0.034 0.24 -0.041 039

-0.14 0.039 -0.16 -0.22 011 0.11 -0.028

- ] 3 mo

£ s ¢ ¢ ’ LI I |
E x H § a8

predictors

1.00

0.75

0.50

-0.25

- 0.00

--0.25

-0.50

-0.75

-1.00

PSU -
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Appendix — Wee

Kly dredged volumes
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Quantity dredged (m?)

nnnnnn

Eem- Waalhaven

\'.[‘

1 | "
B B T e Ho b 7ol | |
A ik (AR i At i

l " i BT ol Wal

il || R el W3 IRy b, il [
|‘*ij ! it s L :|:| T h PAR,

ly ! ,. l| 'a," lll!f" | II Iy | ‘

Maasvlakte

0000000

0000000

Quantity dredged (m?)

1t in \, _ ilr m".“l : lﬁ’Lu, AT, Em(l’]

,
A I’N [”‘,"Jll

0000000

0000000

Quantity dredged (m?)

nnnnn

Deltares

28
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1 ] - =0.25
RH-015 027 026 05 -0.17 019 028 012 013 0.068 0.033 -0.037 0.017
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Figure D.1: Pearson correlation matrix of all input variables



