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1. How much water is stored in different compartments?

2. How does storage evolve over time?

GRACE: time-variable gravity
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.    Amazon    .

ca. 900 km³
or 200 mm 
(amplitude)

ca. 1800 km³
or 375 mm



runoff-storage relationship
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Riegger J and MJ Tourian (2014),
Characterization of runoff-storage relationships by satellite gravimetry and remote 
sensing, Water Resour. Res. 50, 3444–3466, doi:10.1002/ 2013WR013847

fully humid tropical boreal seasonally dry tropical



storage driven discharge

baseflow vs. storage

𝑅BS 𝑡 =
1

𝜏
𝑆 𝑡

𝑆 𝑡 = 𝑆0 + ∆𝑆 𝑡 + ∆𝑡

⇔

𝑅BS 𝑡 =
1

𝜏
𝑆0 + ∆𝑆 𝑡 + ∆𝑡

with

• 𝜏 basin’s hydraulic time 
constant (resistance) 

• 𝑆0 storage offset

• ∆𝑡 delay at basin outlet
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Total Drainable Water Storage of Amazon
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𝜑 ≈ 0.52 rad ⇒ ∆𝑡 ≈ 30 d 𝜏 ≈ 4.3 mo
𝑆0 = 375.7 mm → 1766 km3

by Hilbert transform by Gauss-Helmert LS estimation

NSE = 0.87



how to validate TDWS?

• in situ?

• models?

• plausibility (e.g. permeability, hydrogeology, …)

• residence time  𝑆0 𝑃0

• isotopic tracer analysis (Mortatti et al., 1994)

– Amazon sub-surface storage of 840 km³

• sub-catchment analysis

• quantification of surface water storage
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sub-catchment analysis
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sub-catchment analysis
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surface storage 1: heights in river network
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surface storage 2: surface water extent
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surface storage 3: volume = height × area
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surface storage 4: ∆𝑆surf → 𝑆0,surf
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surface storage 𝑆0,surf = 247 mm = 65% ofTDWS



conclusions & outlook

• GRACE reveals more than time 
variations alone.

• total drainable water storage
accessible by GRACE

• practically defined as storage level
where baseflow becomes zero

• First estimate over Amazon basin: 
𝑆0 ≈ 1800 km3

• 65% of which available as surface
storage

• Formalism also provides hydraulic
time constant of (sub-)basins. 

• TBD: a lot
• boreal and seasonally-dry 

catchments
• 𝑅BS = LFF 𝑅obs
• surface storage estimation

– area: e.g. DLR WaterPack
– height: operational continental

satellite altimetry
– SWOT

• validation
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Mackenzie River



boreal catchments
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Taku River

Stikine

Yukon

Northern Dvina
source: Ruiheng XIA (2018) MSc Thesis, University of Stuttgart



further information
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