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Case for the Mekong delta, Vietnam
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Mekong delta much lower than
previously assumed in sea-level rise
impact assessments

P.S.J. Minderhoud & L. Coumou, G. Erkens, H. Middelkoop & E. Stouthamer

Absolute elevation validation: national benchmarks

Many densely populated deltas and coastal areas on Earth are
located In data-sparse regions, forcing researchers and policy
makers to use low-resolution, global elevation data obtained
from satellite platforms to do sea-level rise impact assessments.
Using a new, high-accuracy elevation model of the Viethamese
Mekong delta, we show that the quality of such global data is
Insufficient. This may have profound implications for sea-level
rise Impact assessments worldwide, with elevation errors
potentially larger than a century of sea level rise.
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Figure 1 A) Shuttle Radar Topography Mission (SRTM) Digital Elevation Model (DEM)

of the Mekong delta in Vietham and B!-C?) inundation maps following sea-level rise

based on the SRTM DEM containing effects of striping and other height errors.

Topographical elevation points and Topo DEM
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Vertical datum

For correct assessments of elevation
to local sea level, the vertical datum of

DEMs need to be converted to local

tidal datum. However, this crucial step
IS very often neglected, either due to
lack of data on local tidal datums or as
M a result of lack of geodetic expertise.
As a result, the global geoid is wrongly

assumed to represent local sea level.

This potentially leads to large vertical

150 Jlual Offsets with actual local sea level and

Ml this error is propagating to elevation
above sea level and sea-level rise

Im pact assessments.
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Figure 3 SRTM, MERIT?® and Topo Digital Elevation
Models (DEM) of the Mekong delta with two levation

300 km PrOfiles.
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Legend of geomorphological units

- Abandoned channel belt Coastal plain Sand spit
- Alluvial apron
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1 Elevation of geomorphological units in each DEM.

?Ey & Category and age
9%

. . Expected relative Mean elevation (m)
Geomorphological unit .
elevation Topo DEM SRTM DEM MERIT DEM
Pleist d Weathered land
eistocene (.an Undifferentiated deposits Higher 1.84 3.11 4.67
older) deposits ) _
Alluvial apron Higher 1.38 2.84 4.19
Flood basin Benchmark 0.85 2.83 3.54
Bank: natural levees and crevasse splay _ _
Upper delta plain  channel bar Higher (+) 3.17
HoIocc::‘ne alluvial s pandoned channel Higher (+) 0.91 2.65 3.48
deposits ,
Swamp Lower 0.85 2.57 3.73
Back swamp Lower (-] 2.44 3.49
Tidal flat Benchmark 0.99 2.20 1.47
Sand spit Higher (+) 1.14 2.67
Lower delta plain  Relict beach ridge or sand dune Higher (+) 0.84 2.19 1.58
Holocene coastal Mangrove marsh Equal (+/-) 0.97 2.35 2.29
deposits Salt marsh Equal (+/-) 0.83 2.14
Coastalplain ~ [lLower -) 0.53 2.15
Marsh (inland) 2.65

Figure _ Geomorphological map of the
Vietnamese Mekong delta*.
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Figure 2 Elevation points (left) used to create the topographic (Topo) DEM (right)

using emperical Bayesian kriging.

Figure 5 Schematic profiles with
geomorphological units of the alluvial and
coastal landscapes.
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Figure 6 Inundation occurrences in the
Mekong delta in the period 2007-2011>.
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Figure 7 Mean MERIT, SRTM and Topo
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0 50 occurrence in the southwestern part of
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~11°N

=10°N

- 9°N

-1.2 -
-0.5 -

-0.3-
-0.2 -
-0.1-

T
106°E

Difference benchmark - TOPO DEM (m)

>1.2 00-01 © 09-1.1
05 @ 01-02 @ 1.1-1.3
04 @ 02-03 @ 13-15
03Q03-04 @ 15-18
020 04-05 @ 18-2.0
010 05-07 @ >2.0
0.0 O 0.7-0.9

1 2 3 >4

]

@]
€]
@
@ 04-
©
©
@]
0

20 |[Elevation (m)

Figure 8 Deviation between independent elevation benchmarks and Topo
DEM.

SRTM DEM MERIT DEM Topo DEM
12 ; 12 : 12
10 MD: 2.0m 10 MD: 3.0m 10 MD: 0.2m
OF: MAD: 26m = 8 MAD: 3.0m T g MAD: 0.6 m
= SD:  29m = D 13m SD:  0.7m
S6 3 6 6 3 6 o
S n=69 n= n=
Oy © 4 Oy
2 2 2
0 ’ 0 5 0
5 25 0 25 5 75 10 5 -25 0 25 5 75 10 5 25 0 25 5 75 10
Residual (m) Residual (m) Residual (m)

Figure 9 Histograms of differences between elevation of the SRTM (left),
MERIT (center) and the Topo (right) DEMs and national benchmarks in the

Mekong delta.
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Figure 10 Area below sea level with sea-level rise (SLR) up to 1 meter
based on the A) SRTM DEM, B) the MERIT DEM, C) the transposed MERIT
DEM and the D) Topo DEM. The transposed MERIT DEM matches the mean
delta elevation of the Topo DEM by subtracting 2.5 m from the MERIT DEM.

Table 2 Delta plain and estimated number of people below sea level (SL)

for O and 1 meter sea-level rise (SLR)

SRTM DEM MERIT Transposed | Topo DEM
DEM MERIT DEM
0Om Tm | Om 1Tm 0Om Tm | Om Tm
SLR  SLR | SLR  SLR SLR SLR | SLR  SLR
Delta plain area below MSL (x 1.000 km?) 5.5 119 | 0.2 0.8 10.2 239 | 03 285
Delta plain area below MSL (% of total 14% 31% | 1% 2% 25% 59% | 1% 75%
area)
Estimated number of people below MSL 2.4 5.1 0.1 0.3 4.1 9.7 0.1 12.3
(x 10°9)
Estimated number of people below MSL 14% 29% | 1% 2% | 23% 55% | 1% 70%
(% of total population)

Conclusions

« The Mekong delta has an extremely low mean elevation of —~0.8 m above mean sea

level, dramatically lower than the —2.6 m suggested by analyses based on global,

satellite-based elevation data.

= This demonstrates that accuracy problems in global datasets of coastal elevation and

offsets between vertical datum and actual local sea level may have profound

Implications for coastal elevation to sea level and sea-level rise impact assessments

worldwide, especially for data sparse regions, with elevation errors potentially larger

than a century of sea level rise (confirmed by Kulp & Strauss 2019, October 2019).




