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Land Uplift in South Africa A

Motivation

GNSS networks indicate spatially
coherent uplift

« cause of uplift not clear

* hypothesis by Hammond et al. (2021):
mantle flow and dynamic topography

Droughts

* e.g. “Day Zero” drought in Cape Town
(2015 - 2017)

Uplift related to water loss?
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robust trend estimator (Blewitt et al, 2016) | 2countrywide network primary for survey applications


https://gctca.org.za/city-bracing-for-day-zero/

GNSS Inversion W

UNIVERSITAT ERINIYIE

grid cell (¢}, 9))

fectonic
plate

(Lithosphere)

lectonic
plate

(Lithosphere)

unavco.org/education

Asthenosphere Asthenosphere I J

water gain = land subsidence water loss = land uplift GNSS station (¢, 9)
derive TWS from GNSS uplift ll-posed problem
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https://www.unavco.org/wordpress/wp-content/uploads/2021/07/Drought-Animation.gif
https://www.unavco.org/wordpress/wp-content/uploads/2021/07/Drought-Animation.gif
https://www.unavco.org/education/education-resources/videos-animations/

&S GNSS Radial Displacements A
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from Nevada Geodetic Laboratory (NGL; Blewitt et al, 2018)
carefully refined (offsets estimated; outlier removed)

NTAL & NTOL removed

Singular Spectral Analysis (SSA) applied

Normalised! rates of GNSS long-term trend
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TWS Spatial Correlations A
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Amplitude

 given the distribution of GNSS stations, best results are
obtained for TWS retrieval on a 2° x 2° grid?! 25°s

» seasonal signals show matching amplitudes

GNSS

» “east-west-gradient” of humidity 30°s

» “phase shift” of rainy seasons
— winter rainy season in the west
— summer rainy season in the rest of the country

» high correlations with hydrological data

Comparison Data

GRACE assimilated data (GRACE-DA)

 local assimilation by Gerdener et al. (in preparation) from
Uni Bonn, IGG

* assimilation of GRACE/-FO into WGHM

GRACE-DA

30°s| W

Seasonal Signal

30°S

GLDAS-Noah

GLDAS-Noah 2.1 Land Surface Model

» Global Land Data Assimilation System Version 2 S
(Beaudoing et al. 2020, Rodell et al. 2004) 9 WE 5T 30E
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TWS Temporal Correlations A
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Monthly Climatology * negative trend in all data sets starting end 2011
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* matching monthly climatology in multiple regions
 correlations with ENSO events

North West Gauteng Limpopo

» strong connection between GNSS, GRACE-DA and
GLDAS-Noah trend

Long-Term Trend?
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Land Uplift in South Africa

—————————

v spatial correlation of TWS
v’ temporal correlation of TWS

Present-day land uplift in South
Africa has a hydrological origin

GNSS observations of the land uplift in
South Africa: Implication for water loss
estimation

a pre-print will be available soon...
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Questions?
Christian Mielke
mielke@geod.uni-bonn.de
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Checkerboard Test »
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