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Validating thermal techniques 
for monitoring surface 

processes

University of Coimbra
Laboratory of Hydraulics, Water Resources and Environment
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Canais de terra
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Brasil - Alto Ipanema Basin – Field work
Infrared thermography
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Thermal infrared imagery 
quantitative estimation of several hydrologic 
processes;

e.g. 
map infiltration, macropores, 
estimate flow velocities, 
identify water sources, accumulation of waters, connectivity
monitor vegetation evapotranspiration
…. 



INFRARED THERMOGRAPHY TO ACCESS SOIL 
SURFACE CHARACTERISTICS 



2 Points calibration (temperature - measure) Profile meter (single line)

Thermal images with increasing vegetation/mulch 3D Model from thermograms

Research at UC:  
Estimation of soil surface microrelief and rills



Research at UC:  
Mapping soil permeability and macro-porosity
Detection of macro-porosity



Research at UC:  
Mapping soil permeability and macro-porosity
Mapping of soil porosity



SHALLOW FLOWS

TRACER TECHNIQUES

DYES SALTS



THERMAL TRACER
& INFRARED THERMOGRAPHY

TECHNIQUE TO ESTIMATE SHALLOW FLOW 
VELOCITIES



GoPro Hero 3

Optris PI160

THERMAL TRACER VS DYE TRACER



SHEET FLOW

Q1 = 19 ml/s
Q2 = 70 ml/s
Q3 = 157 
ml/s



RILL FLOW

Q1 = 6 ml/s
Q2 = 19 ml/s
Q3 = 37 ml/s
Q4 = 77 ml/s
Q5 = 151 ml/s



COMPARISON OF 3 TRACERS

TRIPLE TRACER TECHNIQUE

DYED SALTED HEATED- -

Food coloring Table salt
5 g/L water

Electric kettle
70 ºC

COMBINED IN ONE TRACER



GoPro Hero 3

CON-BTA

Optris PI160

Real image videos

Salt transport graphs

Thermal videos
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LABORATORY SETUP



THERMAL TRACER RESULTS

Acrylic

Stones

Q ≈ 850 ml/s; S = 0.8%; 
Vol. tracer = 85 ml

VLE = 0.703 m/s; VC = 0.684 m/s 

VLE = 0.359 m/s; VC = 0.240 m/s 



THERMAL TRACER RESULTS

Acrylic

Synthetic grass

Q ≈ 1100 ml/s; S = 0.8%; 
Vol. tracer = 110 ml

VLE = 0.762 m/s; VC = 0.750 m/s 

VLE = 0.338 m/s; VC = 0.299 m/s 
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Work in progress… 

Development of infrared thermography based tools for the 
analysis of water distribution efficiency in irrigated agricultural 
fields, aiming at optimizing the use of water in agricultural 
systems. 
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Evaluation of the plant water status
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Leaf Canopy

In addition to other detailed data:
ü IR thermography (ground) measurements at the 

local and field scales (for assessing the canopy, leaf and soil), 
using handheld cameras and UAS, 

ü satellite based images.
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Thermal Infrared Sensor

üsatellite based images.

Temperature and 
crop water stress indices 
are calculated from data at 
different scales… 



32

We aim at better understanding bridging between the 
different scales of observation…. 

… and contributing to using infrared thermography based 
tools (that use non-invasive and non-destructive technology) 
to achieve better water management and soil and water 
conservation.
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