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How Voluminous
is SGD ?

(From Hydrologic Estimates)

Estimates Fresh
Fraction Only!

Fresh SGD Streams
ppt

But, where exactly?

Millions of
cubic meters/day



Searching for SGD with Aerial TIR Surveying

Infrared camera
(8-13.5 µm)

Thermal blackbody 
calibration

Main advantage: 
laterally continuous 
SGD mapping on 
regional scales

Cold Water

Warm Water

GPS-INS

1100 m - 2133 m
0.5 m - 3.2 m  resolution

Top < 1mm of water

Ground-truthing
Thermistors

0.5oC

night
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Downscale

•Rn Time Series
at TIR-Selected
Sites     = Rates

•Map Nutrients

•Model Fluxes

Integrate All Above

Local Estimates of
SGD Flux,

Nutrient Distributions

Large-Scale
Wide Angle 

TIR Mapping
Research
Strategies





after Johnson et al, 2008

Wastewater
Treatment

Seawater

SGD

Seaward
Mixing



IN OPEN COASTAL WATERS:

TEMP α SALINITY 
(r2 = 0.98)

[SILICA] α SALINITY 
(r2 = 0.97)

[NO3
-] α SALINITY 

(r2 = 0.93)

[PO4
3-] α SALINITY 

(r2 = 0.98)
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APPLICATION
Nutrients etc.



In-Situ Nutrient
Integration
via Salinity

Wastewater
Treatment



Regional Upscaling
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SGD Plume Area (m2)
Plume area is proportional to SGD Flux

f (Hydrol., Geol, Waves, Tides, etc.)

Pearl Harbor, Oahu

West Hawaii

Oahu

Hawaii

Maui



Large-Scale
Wide Angle 

TIR Mapping
Thermal Infrared

Integrations

Downscale

Local Estimates of
SGD Flux,

Nutrient Distributions

•Rn Time Series
at TIR-Selected
Sites   = Rates

•Map Nutrients

•Model Fluxes

Upscaling
for 

Regional 
Fluxes

Downscaling 
for Local 
Fluxes

Integrate All Above
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Downscale

USING PLUME AREA, 
CALCULATE

ESTIMATIMATED SGD
FLUX  FOR EACH

Measured 
Discharge Area

ALL Pt.-Source
Plumes &
Diffusive
SGD
Mapped


