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4. “Seeing” the subsurface with airborne-electromagnetic (AEM) data 
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1. The problem with overdraft

California relies on 
pumped groundwater, 
especially during 
drought periods.

Groundwater 
overdraft: 

extraction > recharge

Overdraft from the 
confined aquifer leads 
to land subsidence, 
causing costly 
infrastructure damage.

2. Aquifer deformation theory

3. Finding the InSAR recharge signature 5. Pathways to the confined aquifers
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1. Pumping or recharge will produce changes in head.

2. For the same volume of groundwater 
added/removed, a confined aquifer experiences 
much larger head changes: Δℎ𝑐𝑜𝑛𝑓 ≫ Δℎ𝑢𝑛𝑐 

3. Head changes cause volume changes of pore spaces 
between sediment grains. Confined aquifer 
deformation is proportional to 𝑆𝑠𝑘. Aquifer 
deformation results in land surface displacement.

Interferometric Synthetic 
Aperture Radar
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Expansion 
of water is 
negligible

We used the TRE Altamira vertical 
displacement dataset, which is derived 
from ESA’s Sentinel-1 acquisitions.

𝑆𝑦 ≫ 𝑆𝑠𝑘

Drainage is 
negligible in the 
confined aquifer
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Deformation of 
porous material

Deformation of 
porous material
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Δ𝑆𝐺𝑊,𝑢𝑛𝑐 = (𝑆𝑦 + 𝑆𝑠𝑘)𝐴Δℎ

Δ𝑆𝐺𝑊,𝑐𝑜𝑛𝑓 = 𝑆𝑠𝑘𝐴Δℎ

Clays are very deformable! 
High 𝑆𝑠𝑘

EGU26-
15172

Abstract:

Key takeaways

• Signals extracted from InSAR data show 
seasonal uplift patterns in consistent regions 
across wet water years 2017, 2019, and 2023.

• InSAR-observed displacement agrees with 
confined aquifer head level changes.

• There are pathways through coarse-dominated 
sediments leading to the confined aquifer, 
providing access for recharge of the deep 
aquifer.
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