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Saturated zone (Groundwater)

Unsaturated zone

Pore spaces in soil

“the water table”

Groundwater is water 
from rainfall that is 
stored in the soil.

The “water table” refers 
to the shallowest layer of 
that water, which often 
lies just below the 
surface of the soil. 



Why is rising groundwater a 
new problem?



Bjerklie, D.M., Mullaney, J.R., Stone, J.R., Skinner, B.J., 
and Ramlow, M.A., 2012, Preliminary investigation of 
the effects of sea-level rise on groundwater levels in 
New Haven, Connecticut: U.S. Geological Survey Open-
File Report 2012–1025,

USGS  study of New Haven, CT, 2012

- Based on data from 13 wells

- Used MODFLOW to simulate 
groundwater rise and discharge

- Found that increases in 
groundwater levels are likely to 
extend 3 miles from the shoreline 
with 3 feet of sea level rise

3 miles
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Shallow groundwater

(also called the water table, or
the saturated zone)

Saltwater saturated zone

Existing conditions 
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Shallow groundwater

(also called the water table, or
the saturated zone)

Saltwater saturated zone

If sea level rises 3 feet, then shallow groundwater rises 3 feet,
within about a half a mile of the bay - maybe farther inland as well.



Palo Alto Groundwater 
with contaminant plumes
Terradex, 2016



State Water Board, GAMA dataset of 
groundwater monitoring wells

Number of GAMA wells we used = 
10,777

We sampled *maximum* groundwater 
elevation

Median depth-to-water for this dataset 
= 1.75 m

Standard deviation = 1.21 m



Methods

Create a surface
from the Water Board’s 
GAMA well
point data by 
interpolation.

Subtract this surface
from a DEM 
(digital elevation model)
to create a map of 
depth-to-groundwater.

(Cross-section)

DEM of ground surface

GAMA
monitoring
wells

Interpolated groundwater 
surface, using maximum 
water elevations over the 
last 20 years
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Resulting map of
depth to shallow
groundwater

Bay Area locations that
will flood by groundwater
as sea levels rise 3 feet,
shown in red.

Plane, Hill, and May 2019
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Esri, HERE, Garmin, © OpenStreetMap contributors, and the GIS user community
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Esri, HERE, Garmin, © OpenStreetMap contributors, and the GIS user community
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Flood risks within 2/3 mile of today’s Bay shoreline 
(2m DEM results – improving these now with a 0.5 m DEM) :

• 20,600 acres at risk of flooding by 1m SLR only

• 11,400 acres at risk of flooding by 1m SLR and groundwater 
(ie, flooding will be deeper, coastal structures may not 
prevent emergent floodwaters)

• 26,000 additional acres at risk of flooding by emergent 
groundwater alone




