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Appendix S3. Reformulation of the model allowing for missing data.

The interpolation procedure used to fill any remaining, short (≤5 min) gaps in the observed track segments may introduce errors in the time series of response variables, particularly in the horizontal dimension. To test whether model results were affected by interpolated observations over these short gaps, the model was reformulated to allow for missing data points in the response variables. Specifically, whenever the time interval between a regularised location and the closest observed location was greater than 1 minute, rather than using the interpolated values of the response variables, the model was asked to estimate the missing values of the response variables, together with the rest of the parameters. When altitude information was missing at the second location of a segment (affecting the estimation of the vertical drift at the first location), a truncated Gaussian prior was provided, centred on the mean altitude for the corresponding segment, with a standard deviation of 2,000 m and truncation at the extremes of the observed altitude range.
The estimates of the parameters and associated uncertainty from this alternative version of the model are reported below. The 95% highest posterior density intervals for all parameters were largely overlapping between the two model formulations. As a result, the proportion of minutes classified under each latent state (δ1,…,5) also remained largely unchanged in the new formulation. 
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	Description
	Parameter
	Lower (2.5%)
	Median
	Upper (97.5%)

	Vertical drift (altitude)
	π1 = -π2
	75
	76
	78

	
	π3
	52
	53
	55

	Standard deviation (altitude)
	σ1 = σ2
	64
	65
	66

	
	σ3
	72
	73
	74

	
	σ5
	93
	95
	97

	Concentration (turning angle)
	ρ1 = ρ2 = ρ5
	0.83
	0.83
	0.83

	
	ρ3
	0.62
	0.63
	0.64

	
	ρ4
	0.00
	0.00
	0.00

	Scale        
 (step length)
	α1 = α2
	1061
	1068
	1075

	
	α3
	386
	391
	396

	
	α4
	22
	23
	24

	
	α5
	655
	664
	673

	Shape 
(step length)
	β1 = β2
	3.57
	3.62
	3.68

	
	β3
	1.86
	1.89
	1.92

	
	β4
	0.90
	0.92
	0.95

	
	β5
	1.79
	1.83
	1.86

	Mean 
(hierarchical slope position)
	κ1 = κ2 = κ3
	0.326
	0.327
	0.328

	
	κ4
	0.376
	0.378
	0.380

	
	κ5
	0.448
	0.450
	0.451

	Standard deviation (hierarchical slope position)
	ω1 = ω2 = ω3
	0.049
	0.050
	0.050

	
	ω4
	0.070
	0.071
	0.073

	
	ω5
	0.052
	0.053
	0.054

	State proportions
	δ1
	0.02
	0.03
	0.03

	
	δ2
	0.30
	0.30
	0.31

	
	δ3
	0.37
	0.37
	0.38

	
	δ4
	0.09
	0.09
	0.10

	
	δ5
	0.20
	0.20
	0.21

	Transition probabilities
	γ1,1
	0.752
	0.784
	0.814

	
	γ2,1
	0.012
	0.015
	0.018

	
	γ3,1
	0.001
	0.002
	0.003

	
	γ4,1
	0.000
	0.000
	0.001

	
	γ5,1
	0.000
	0.000
	0.001

	
	γ1,2
	0.170
	0.200
	0.232

	
	γ2,2
	0.711
	0.720
	0.729

	
	γ3,2
	0.174
	0.181
	0.188

	
	γ4,2
	0.000
	0.000
	0.001

	
	γ5,2
	0.058
	0.064
	0.071

	
	γ1,3
	0.000
	0.001
	0.006

	
	γ2,3
	0.217
	0.225
	0.234

	
	γ3,3
	0.779
	0.787
	0.795

	
	γ4,3
	0.029
	0.035
	0.043

	
	γ5,3
	0.020
	0.024
	0.029

	
	γ1,4
	0.000
	0.001
	0.004

	
	γ2,4
	0.000
	0.001
	0.002

	
	γ3,4
	0.010
	0.012
	0.014

	
	γ4,4
	0.937
	0.945
	0.952

	
	γ5,4
	0.016
	0.019
	0.022

	
	γ1,5
	0.004
	0.013
	0.026

	
	γ2,5
	0.034
	0.039
	0.043

	
	γ3,5
	0.015
	0.018
	0.021

	
	γ4,5
	0.014
	0.019
	0.024

	
	γ5,5
	0.885
	0.892
	0.899

	Initial state probabilities
	φ1
	0.005
	0.020
	0.042

	
	φ2
	0.089
	0.153
	0.222

	
	φ3
	0.381
	0.452
	0.519

	
	φ4
	0.102
	0.132
	0.164

	
	φ5
	0.197
	0.241
	0.287
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