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Tree DiagnosTics: 
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Thermal revoluTion 
in Tree AssessmenT
Back in the dark ages of human medicine, doctors amputated limbs without pain relief and 
treated people using leaches. So the discoveries of anaesthesia and antibiotics were landmarks in 
medical history, revolutionising patient care. Arboriculture is about to experience a similar revolution 
in professional tree care with the introduction of thermal imaging as a physiological assessment tool. 
Andrew Cowan explains:

The parallels to medical research and devel-
opment are numerous, with both accompa-
nied by their fair share of scepticism, frequently 
fuelled by those who have a vested interest in tech-
niques and technologies that are about to be super-niques and technologies that are about to be super-niques and technologies that are about to be super
seded. However, for those prepared to embrace 
new ideas there is the opportunity to explore an 
advancing understanding of tree physiology that 
will transform our understanding and knowledge 
of their reactive growth processes in association 
with decay fungi and saproxylic invertebrates. 

Thermal imaging technology provides arborists 
with a proactive tree assessment methodology that 
is quick and easy to complete. It offers the oppor-is quick and easy to complete. It offers the oppor-is quick and easy to complete. It offers the oppor
tunity to undertake routine screening of tree popu-
lations in a similar way doctors use medical scan-
ners to monitor the occurrence of cancer in tar-ners to monitor the occurrence of cancer in tar-ners to monitor the occurrence of cancer in tar
geted groups of the human populace. For exam-

ple, it is possible to trigger the inspection of trees 
based on their species, age class or growth charac-
ter combinations which may be considered to make 
them more susceptible to specific growth defects 
or forms of decay that make them more liable to 
structural failure.

How it Works:
The observation of heat flow in trees follows 

the fundamental laws of physics that govern the 
movement of heat (thermodynamics), which state 
that heat can only flow from regions of higher 
heat energy to regions of lower heat energy. This 
is often associated with changes in temperature 
from higher temperatures (higher heat energy) to 
lower temperatures (lower heat energy).

Under conditions of constant heat energy inputs 
such as experimental conditions with heating ele-

ments, the movement of heat through an object 
can be described by the temperature gradient 
within the material. When heat is put into an object 
as a single pulse of energy, the rate of change in the 
temperature of the object reflects the conductivity 
and heat capacity of the object.  

The heat energy within living organisms comes 
from either the environment around them or from 
internal sources such as the heat of respiration. 
Trees produce little internal heat relative to other 
living things and so nearly all the heat energy within 
them comes from their environment. 

The environmental heat comes from either the 
sun directly falling upon the surface of the stem 
and branches of the tree, or indirectly from the sun 
when it heats the ground and the heat is then con-
ducted through the roots and into the rest of the 
tree. Each day as the sun rises, the tree receives 
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an increasing amount of heat energy both directly 
and indirectly from the soil.  Heat is emitted out into 
the atmosphere from the entire surface of the tree.

In trees, the movement of heat can be enhanced 
by the flow of sap up the trunk and through the 
branches (transpiration flow), but this is not a strict 
requirement for heat movement.

Heat is conducted most efficiently through water-
filled conductive cells within the roots and trunk and 
is emitted back into the atmosphere. Heat is also 
preferentially held within the trees cells through 
heat capacity.

A thermal imaging camera is used to capture a 
digital ‘thermogram’, which uses applied colours to 
visualise the amount of heat energy emitted from 
a tree’s surface. The heat energy is converted to a 
surface temperature using the relationship between 
IR radiation and surface temperature of bodies. 

An experienced tree thermographer is able to 
translate these heat patterns captured by the 
camera to complete a thermographic tree assess-
ment (TTA) of the tree’s thermal signature.

There are two limitations to the completion of a 
TTA because the tree’s thermal signature is formed 
through internal heat movement, which is emitted 
from its surface. Where the sun warms (irradiates) 
the surface of the tree, IR radiation is emitted as the 

surface temperature rises and obscures the surface 
heat that originates from within the tree. Meanwhile 
shortly after, or during rain, the presence of water 
on the surface of the bark will cause evaporative 
cooling and will alter its emissivity.

Thermographic  
Tree Assessment (TTA):

Thermographic Tree Assessment (TTA) uses 
the observation of heat flow in trees to inform an 
evaluation of their physiological functionality and 
appraisal of their reactive growth capacity.

When the tissues of a tree’s wood or bark are 
degraded or destroyed by factors such as physical 
damage, the progress of senescence or the action 
of pathogens, then their heat retaining and conduct-of pathogens, then their heat retaining and conduct-of pathogens, then their heat retaining and conduct
ing properties are changed.

Heat emitted from the surface of a tree is directly 
related to internal heat movement and storage. 
Therefore the appearance of cooler areas at the sur-Therefore the appearance of cooler areas at the sur-Therefore the appearance of cooler areas at the sur
face are directly associated with internally degraded 
or destroyed tissues. The comparative range of tem-
perature exhibited by a tree’s thermal signature can 
be used to evaluate sub-optimal and optimal areas 
of a tree’s physiological form.

Healthy water-filled cells with good intercellu-
lar connectivity and conductivity are effective at 

conducting heat through the trees living system. 
However, where air ingress occurs and cells dry 
out or decay, the increased volume of air dramati-
cally reduces the conductivity of these cells, which 
become a barrier to the movement of heat through 
the tree. Such areas are easily identified because 
they store heat (either hot or cold) and consistently 
display a different heat signature to the functional 
(water-filled) cells around them.

When dead tissues are close to the surface and in 
direct sunlight (on the north side of the tree), they 
can become superheated (retaining heat above 
ambient air temperature). Superheating also occurs 
when heat is trapped, such as when a large area of 
dead wood is heated, but covered by small amounts 
of living tissue.

Superheating can lead to a phenomenon known 
as ‘Temperature Inversion’; warmer areas indicat-
ing decay/dysfunction whilst cooler areas indicate 
small amounts of healthy tissues. This is common 
when more than 80 per cent of the wood is dead, 
but is not fully decayed.

Tree Thermal matrix  
system (TTms):

An experienced tree thermographer completing 
a thermographic tree assessment (TTA) can trans-
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Digital Image Thermal Image

Summary of Inspection Details:

The images below have been taken from the North West side of the tree, which is also shaded by the woodland, so the heat signature observed has been 

uninfluenced by direct sunlight.   The sun is beginning to have an influence on the right hand side of the thermal image, but the heat generated around the 

pollard bole offers a characteristic indication of reactive growth where the lateral loads of the pollard stems are being absorbed by the tree.   

Meanwhile, further down the stem there is some characteristic cooling associated with an area of central dysfunction, although this is not considered to be 

excessive for a tree of this age and maturity, which can be expected to have some central trunk decay.  

Outcome:

The functional heat flow of this tree is being affected by some central dysfunction within the trunk and root system, but it is still maintaining a ‘healthy’ 

temperature from the roots up into the crown.  The indicative colour range is not dipping into the dark blue, violet or black that would represent significant 

dysfunction, which required remedial action such as reducing the structural loads on the tree by undertaking canopy pruning.

  

There is a cool triangle at the base of this tree (blue, green through to yellow), 

which indicates an area of basal dysfunction that could be associated with a cavity,

 or simply where the central root system has started to decay. However, functional

heat flow is still being maintained through the buttresses and up the trunk.

Despite the area of basal dysfunction, indicated by the cool triangle

 at the base of this tree, there is good functional heat flow up the trunk 

and in to the main pollard bole.  

The concentrated blue around the buttresses is indicative of deeper root issues.  

This symptom can sometimes be associated with soil compaction or drainage

 issues, although here in combination with a cooling pattern linked to basal 

dysfunction, it could just be two are linked.

Where the lateral stress loads of the tall pollard stems are being 

absorbed by the tree in the pollard bole, the reactive growth is generating

 a surface heat that can be seen in the speckled white around the top of the

 trunk.  The reactive heat generation in combination with a concentration of

 functional heat flow around this area is a good indication that the tree is 

able to maintain the structural integrity of the bole.

The cool spots between stems and around the pollard bole 

as a whole are indicative of the dysfunction that exists within 

the centre of the trunk, but this is not having an overall cooling 

effect on the main body of the tree.  The central dysfunction is 

characteristic of trees of this age and structural form, and it is 

not significant enough to have an overall impact on the trees 

functional heat flow and reactive ability.

The main pollard stems are all maintaining good functional 

heat flow with even distribution of heat throughout. 


