Supplementary Information to „Monitoring cliff erosion with LiDAR surveys and Bayesian Network-based data analysis” by Terefenko et al.

1. Analytical periods
[bookmark: _GoBack]Table S1.1. Analytical periods used in the study according to dates of surveys by test site.
	Analytical Period
	Międzyzdroje
	Bansin
	Wicie

	1
	14.12.2016 - 03.11.2016
	19.12.2016 - 09.11.2016
	12.12.2016 - 14.11.2016

	2
	30.12.2016 - 14.12.2016
	29.12.2016 - 19.12.2016
	-*

	3
	14.02.2017 - 30.12.2016
	16.02.2017 - 29.12.2016
	15.02.2017 - 12.12.2016

	4
	03.04.2017 - 14.02.2017
	06.04.2017 - 16.02.2017
	10.04.2017 - 15.02.2017

	5
	06.06.2017 - 03.04.2017
	07.06.2017 - 06.04.2017
	09.06.2017 - 10.04.2017

	6
	11.09.2017 - 06.06.2017
	04.09.2017 - 07.06.2017
	01.09.2017 - 09.06.2017

	7
	16.10.2017 - 11.09.2017
	17.10.2017 - 04.09.2017
	18.10.2017 - 01.09.2017

	8
	07.11.2017 - 16.10.2017
	06.11.2017 - 17.10.2017
	29.11.2017 - 18.10.2017**

	9
	09.01.2018 - 07.11.2017
	12.01.2018 - 06.11.2017
	15.01.2018 - 29.11.2017***

	10
	19.02.2018 - 09.01.2018
	01.02.2018 - 12.01.2018
	02.02.2018 - 15.01.2018

	11
	04.04.2018 - 19.02.2018
	21.03.2018 - 01.02.2018
	23.03.2018 - 02.02.2018

	12
	14.06.2018 - 04.04.2018
	26.06.2018 - 21.03.2018
	20.06.2018 - 23.03.2018


Notes: * survey on 28.12.2016 was unsuccessful due to high water levels; ** survey was unsuccessful at two profiles; *** for two profiles, the analytical period was 15.01.2018 – 18.10.2017.

For the purpose of correlating beach width and cliff slope with hydrometeorological variables of the preceding analytical period, an additional analytical period “0” was used, starting on 01.09.2016.

2. List of variables
Table S1.2. Candidate variables for the Bayesian Network model and their description 
	Variable
	Description

	Shore
	Shoreline (1 m MSL) retreat [m]

	Beach
	Beach volume balance [m3]

	Foot
	Cliff foot retreat [m]

	Cliff
	Cliff volume balance [m3]

	Top
	Cliff top retreat [m]

	Width
	Beach width (between 1 m MSL and cliff foot) [m]

	Slope
	Cliff slope (difference of height divided by length) [-]

	WaveHeight_Avg
	Significant wave height, average between campaigns [m]

	WaveHeight_Max
	Significant wave height, maximum between campaigns [m]

	WaveHeight_Storm
	Significant wave height, average during storms [m]

	WaveHeight_95
	Significant wave height, 95th percentile between campaigns [m]

	WaveDirect_Avg
	Wave direction relative to the coast, average between campaigns [degree]

	WaveDirect_Storm
	Wave direction relative to the coast, average during storms [degree]

	WaveDirect_05
	Wave direction relative to the coast, 5th percentile between campaigns [degree]

	WaveMeanPer_Avg
	Mean wave period, average between campaigns [s]

	WaveMeanPer_Max
	Mean wave period, maximum between campaigns [s]

	WaveMeanPer_Storm
	Mean wave period, average during storms [s]

	WaveMeanPer_95
	Mean wave period, 95th percentile between campaigns [s]

	WavePeakPer_Avg
	Peak wave period, average between campaigns [s]

	WavePeakPer_Max
	Peak wave period, maximum between campaigns [s]

	WavePeakPer_Storm
	Peak wave period, average during storms [s]

	WavePeakPer_95
	Peak wave period, 95th percentile between campaigns [s]

	Storm_Energy
	Storm energy (equation 1), total between campaigns [J/m2]

	Storm_AEE
	Accumulated excess storm energy (equation 2), total between campaigns [J/m2]

	WaterLevel_Avg
	Water level, average between campaigns [cm]

	WaterLevel_Max
	Water level, maximum between campaigns [cm]

	WaterLevel_Storm
	Water level, average during storms [cm]

	WaterLevel_95
	Water level, 95th percentile between campaigns [cm]

	WindSpeed_Avg
	Wind speed, 10 m above surface, average between campaigns [m/s]

	WindSpeed_Max
	Wind speed, 10 m above surface, maximum between campaigns [m/s]

	WindSpeed_Storm
	Wind speed, 10 m above surface, average during storms [m/s]

	WindSpeed_95
	Duration of wind speed, 95th percentile between campaigns [m/s]

	Temp_Avg
	Temperature, mean between campains [°C]

	Temp_Min
	Temperature, minimum between campains [°C]

	Temp_05
	Temperature, 5th percentile between campaigns  [°C]

	Prec_Sum
	Precipitation, total between campains [mm]

	Prec_Max
	Precipitation, maximum 24-hour amount between campains [mm]

	Prec_Storm
	Precipitation, sum during storms [mm]

	WavePower_Avg
	Wave power (equation 4), average between campaigns [kW/m]

	WavePower_Max
	Wave power (equation 5), maximum between campaigns [kW/m]

	WavePower_95
	Wave power (equation 4), 95th percentile between campaigns [kW/m]



Description S1. Equations of synthetic indicators
I. Storm energy

where  is the density of seawater (~1020 kg/m3),  is the gravity (9.81 m/s2)   is the significant wave height [m] at time step  and  is the storm duration.
II. Accumulated excess storm energy

where  is the water level [m] at time step  and  is the critical threshold [m] selected on the basis of coastal profile characteristics (here set at 2 m). 
III. Wave power

where  is the wave celerity [m/s] and  is the mean wave period [s]. The equation gives wave power in W/m, hence

gives wave power in kW/m. For maximum wave power the equation is:

where  is the peak wave period [s].

3. An alternative Bayesian Network configuration
The configuration of the BN in the main paper excludes dependencies between hydrometeorological variables. This substantially underestimates the joint distribution in the Bayesian Network, even if doesn’t affect the conditional correlations with erosion variables presented in the results. This aspect can be measured with a d-calibration score (based on Heillinger distance), which indicates the difference between modelled and empirical correlation matrices. The score varies from 0 to 1, with a high score implying that the model’s correlation matrix is statistically close to the empirical correlation matrix. Figure S1 presents the BN from the paper that was saturated with arcs between hydrometerological variables. As the directions between those nodes cannot be unequivocally determined, this configuration should be considered one example possibility.

[image: ]
Figure S1. A Bayesian Network for cliff erosion witb additional arc between hydrometeorological variables.

The difference in d-calibration score is visible in the graphs below. The unsaturated BN from the paper achieves a score of only 0.0026, while with the additional arcs 0.0977. The maximum possible score of the model would be 0.4431.
[image: ]
Figure S1.2. D-calibration score for the unsaturated BN from the paper
[image: ]
Figure S1.3. D-calibration score for the saturated BN from this supplement..
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