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1. BACKGROUND

Approximately 10% of the world’s population lives close by the sea, and many of these peo-
ple live in regions where sea level is rising faster than the global average rate. Additionally,
knowledge of local infrastructure is often sparse and out of date. We use commercial World-
View stereo imagery to produce high resolution digital surface models [1], which we co-register
to ICESat-2 geolocated photons for improved vertical accuracy.
We then combine these DSMs with AR6 projections of local sea level change and measurements
of vertical land motion to estimate future risk of inundation due to sea level rise.

2. FILTERING ICESAT-2 FOR CO-REGISTRATION OF DSMS
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Figure 1: a. Sentinel-2 image (2019-03-14) over the extent of an ICESat-2 acquistion (2019-03-12)
over Mumbai, India. The low temporal difference allows us to filter the ICESat-2 photons with
the correct in situ conditions. b. Normalized Difference Vegetation Index (NDVI) obtained
from the previous multispectral image. c. Augmented Normalized Difference Water Index
(ANDWI) obtained from the same image. d. Mask obtained by thresholding the previous two
indices, allowing for removal of ICESat-2 measurements over vegetation and surface water,
which would otherwise increase the error with the digital surface model.

NDVI =
NIR − R

NIR + R
(1)

ANDWI =
R + G + B − NIR − SWIR1 − SWIR2

R + G + B + NIR + SWIR1 + SWIR2

(2)

Figures 1b and c show the NDVI and ANDWI over Mumbai, India, calculated with Equa-
tions (1) and (2), respectively. We use these indices to create a mask to filter out ICESat-2
photons over vegetated land and surface water, thereby improving the fit to the DSM.

3. CORRECTING DSMS WITH ICESAT-2
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Figure 2: a. ICESat-2 coverage over the extent of a digital surface model near Savannah, Geor-
gia. b. Remaining residuals after co-registration of the DSM to the ICESat-2 data. c. Surface fit
to the residuals, which we use to correct the effect of jitter in our DSM.

After iteratively co-registering the DSM to the ICESat-2 photon cloud, we fit an oscillating
surface to the residuals, shown in Figure 2, according to Equation (3).
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This reduces the RMSE w.r.t. ICESat-2 by approximately 10%, thereby improving the vertical
accuracy of our DSMS, which is critical for inundation studies.

4. PROJECTED SEA LEVEL RISE

Figure 3: IPCC AR6 SSP2-4.5 projected sea level rise (w.r.t. 2005) off the coast of Mumbai, India
between present day and the end of the century.

5. RESULTS
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Figure 4: a. Digital surface model of Mumbai, India. b. Vertical land motion, derived from
Sentinel-1 DInSAR. c. Projected inundation in 2100 using our DSM. d. Projected inundation in
2100 using SRTM.

We calculate inundated areas using Equation (4), propagating our DSM forward in time with
vertical land motion rates derived from Sentinel-1 DInSAR.

I = DSM(t) < hMSL + htide + hSLR (4)
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