
Supplementary Information1

S1 Regional impact functions calibration for internal displacement2

Here we show the grouping of the TC-prone countries with similar vulnerability. In total, there are3

394 displacement events all around the globe divided into the 10 regions depicted in figure S1, with4

the reported number varies from a few to millions [1].5

Figure S1: World map of the countries used for the impact function calibration, colour coded per
calibration region. The number of resulting matched events N is displayed per region.

We assume the displacement impact functions follow a candidate sigmoidal impact function as6

proposed by Emanuel [2],7
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v3

1 + v3
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where v at a given location x is defined as8

v(x) =
max{V (x)− Vthresh, 0}
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, (2)

where the 1 minute sustained maximum wind speed is V (x), the minimum wind speed when displace-9

ment starts to occur is parameter Vthresh, and the wind speed at which half of the total impact occurs10

is parameter Vhalf. We set Vthresh = 25.7 m/s and only estimate Vhalf in the calibration, following11

Eberenz et al. [3].12

We optimise the single impact functions per region by minimising a cost function that is expressed13

as root-mean-squared fraction (RMSF),14
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ŷi
yi

]2 , (3)

1



where N is the total number of recorded events in each region, ŷi is the model estimated displacement15

of event i and yi is the respective reported displacement from IDMC.16

17

Figure S2 shows the calibration results for the RMSF optimised impact function for the 10 regions18

(black solid lines).19

We further calibrate one impact function for each single event and take the set of functions that20

lies between the 10th and the 90th percentile of the resulting parameter distribution for each region21

(light blue lines in figure S2). This bundle of functions is used as the uncertainty distribution for the22

uncertainty and sensitivity analysis.23

Figure S2: Calibrated regional impact functions for human displacement in 10 regions: root-mean-
squared fraction (RMSF) optimised function (black lines), and the set of best-fit functions for each
individual TC event in each region that lies within the 80% confidence interval, used as the uncertain
inputs for the global uncertainty and sensitivity analysis (light blue lines). Grey lines show the
remaining impact functions that are outside the 80% confidence interval.
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S2 Impact forecast for TC Yasa at different lead time24

Figure S3: (a-c) The forecast-ensemble-averaged impact map of displacement by TC Yasa overlaid
with ECMWF forecast tracks (grey lines) and the actual track from IBTrACS (black line; [4]) at
3-, 1.5-, and 0- days lead time, respectively. (d-f) The largest Sobol first-order sensitivity indices at
each grid point, corresponding to different lead time forecast from (a-c). FM, TP, and IF denote the
uncertain input parameters: forecast members, total population, and impact function, respectively.
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S3 Case study: TC Harold in Vanuatu25

Figure S4: (a) The forecast-ensemble-averaged impact map of displacement by TC Harold in Vanuatu
as forecasted at 00:00 UTC on 04 April 2020, two days before the TC landfall. The black line shows
the observed best track of TC Harold from IBTrACS [4]. Grey lines show the ensemble of ECMWF
forecasted TC tracks.
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Figure S5: (a) Similar to Figure 4, probability distribution of the impact forecast and (b) first-order
sensitivity indices of the different uncertainty parameters for the total number of displaced people at
different forecast lead times ranging from 3 days to 0 days from the landfall of TC Harold at Vanuatu.

S4 Impact forecast validation and biases26

We validate the displacement impact forecast for TC events between 2017 and 2020, where displace-27

ment was reported in the IDMC displacement database [1]. Figure S6a shows the scatter plot of the28

average forecasted total number of displacements from the global uncertainty analysis compared to29

the reported number of displacements. The plot indicates an overestimation of the forecasted number30

of displacements. This overestimation also exists when compared to the modelled number of displace-31

ments using the best observed tracks from IBTrACS [4].32

33

While we calibrate the impact functions using TC tracks from IBTrACS (see section S1), we34

compare the TC hazard intensity from the ECMWF ensemble forecast and IBTrACS in terms of35

central pressure and maximum sustained wind at 10 meters above the surface. We find systematic36

biases indicating an underestimation (higher central pressure and lower wind speed) of the TC intensity37

(figure S7), consistent with findings from other studies such as Chan et al. [5] and Aijaz et al. [6].38

Although the underestimation of TC hazard intensities contributes to the underestimation of the39

impacts, this effect is compensated by the larger wind footprints on land from the ECMWF TC40

forecast simulations. Figure S8 shows the number of centroids on land from the ECMWF forecast41

where the wind speed exceeds 25.7 m/s (the threshold where displacement starts to occur) compared42

to the corresponding numbers from IBTrACS. One possible explanation is that the ECMWF TC43

forecast (and numerical weather predictions in general) does not distinguish the transition of tropical44

cyclones to extra-tropical cyclones [7], while IBTrACS only records tracks of tropical cyclones [4].45

Note that we do not include any bias corrections in this study, but this could be addressed in future46

iterations of the model.47
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Figure S6: Scatter plot comparing the ECMWF forecast mean of displacement at 0.5 day lead time
from the global uncertainty analysis and the IBTrACS mean. The size of the circles denotes the
scale of the normalised standard deviations of the distribution from the probability distribution of the
impact forecast.
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Figure S7: (a) Scatter plot comparing the central pressure of tropical cyclones (TCs) with reported
displacements by IDMC between 2017 and 2020. The plot contrasts ECMWF forecast tracks with
IBTrACS observed best tracks. (b) Similar to (a), but comparing maximum sustained wind at 10
metres above the surface.

Figure S8: Scatter plot comparing the ECMWF forecast number of centroids on land with wind speeds
greater than 25.7 m/s (threshold where displacement starts to occur) to the corresponding numbers
from IBTrACS.
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