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• We are confronted with many environmental and hydrological issues

• That require us to understand the changes  in storage and transfers 
From P. Louchouarn
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of energy and material, primarily water and carbon



If we are to manage our environment properly we 
need to understand it for this we need toneed to understand it, for this  we need to  
measure the water, carbon and other balances
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Graphics adapted from Ray Leuning



How do we measure state variables and fluxes, in 
ecological systems responding to change …eco og ca syste s espo d g to c a ge

The critical fluxes of water and carbon, and otherThe critical fluxes of water and carbon, and other 
trace elements in:

• Vegetation responding to a disturbance such• Vegetation responding to a disturbance, such 
as fire, logging or disease?
A bushland regenerating?• A bushland regenerating?

• A catchment responding to changes in 
vegetation or climate?

• An ecological community responding to stress?
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Say we want to compare the water and carbon 
balance of two patches of bushba a ce o t o patc es o bus
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Or determine impact of change in 
groundwater regime on an ecosystem
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Consider a catchment or recharge area as a 
‘Control Volume’
an entity within which we want to quantify storages 
and through which we want to know fluxesand through which we want to know fluxes

We want to quantify what goes in, 
what comes out, and 
how much is stored

We want to quantify what goes in, 
what comes out, and 
how much is stored

Some of these are easier
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Some of these are easier, others are harder



Consider a catchment or recharge area as a 
‘Control Volume’

Evaporation is the 2nd biggest flux 
How do we quantify it?

An eddy covariance flux station gives usAn eddy covariance flux station gives us 
a ‘stream gauge’ for evaporation

and for carbon dioxide and other ‘trace’ gases
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and for carbon dioxide and other trace  gases



Consider our ‘control volume’ of atmosphere 
interacting with the surface in sub-surface

Important considerations:
Height

te act g t t e su ace sub su ace

• Height
• Uniformity of Fetch/footprint 
• Change in storage

Exchange 
with 
atmosphere 
( ti

Change in storage 

Ad ti

(evaporation,  
assimilation)

Advection
Advection

Surface 
discharge
(C export)

Recharge
Drainage

(C export)

g



With suitable instruments we can close the energy, 
water and carbon balances, & monitor other gasesg

Net radiation Humidity

Average wind

Solar radiation
Temperature 
and windSolar radiation

Digital camera

and wind  
fluctuations

Plus:
soil moisture, 

il t tsoil temperature, 
groundwater level 
soil evaporation
sap flow
soil and water 
salinityy
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We combine the high frequency measurements to 
give us Atmosphere - biosphere exchange:g p p g

=>The water and carbon balanceThe water and carbon balance
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Say we compare two patches of bush 
– one subject to an impact, one noto e subject to a pact, o e ot
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Say we compare two patches of bush 
– one burned, one notone burned, one not

Leaf Area Index

Feb. 2008 – before the fire Feb. 2009 – after the fire
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Remote sensing of evaporation by satellitee ote se s g o e apo at o by sate te

March 2008 June 2008

Experimental fireExperimental fire
May 2008

December 2008 October 2008

Method of Guerschman et al., 2009, J. Hydrology
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Remote sensing of evaporation by satellite
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An eddy flux system is the best method we have to 
measure evaporation and CO2 fluxes in the ‘wild’p 2
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… and thereby enables us to quantify recharge, 
ecosystem function and carbon balance



A flux station helps scale 
up to regional and larger 

l
Patch

scales

Eddy flux measurements Eddy flux measurements 
help closehelp close waterwater Catchmenthelp close help close water water 
(and carbon) budgets (and carbon) budgets 
and extend pointand extend pointand extend point and extend point 
measurements to measurements to 
ecosystem patch scaleecosystem patch scale Basinecosystem patch scaleecosystem patch scale

Continent
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Eddy covariance helps close the water and 
carbon balancescarbon  balances

We monitor :
I i d t i• Incoming and outgoing energy

• Rainfall, evaporation and CO2 fluxes
• Moisture storage
• Vegetation conditionVegetation condition
• These complement ecophysiology measurements
A d h l lib ti f t llit i• And help calibration of satellite images
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So, what can a eddy flux station do for you?So, at ca a eddy u stat o do o you

•Close catchment water balance
D t i h bt ti ET f•Determine recharge, subtracting ET from 

rainfall
•Determine whether an ecosystem is inDetermine whether an ecosystem is in 
growth or decline => quantifying carbon 
uptake or release
•Link ecosystem function to water balance
•Place point scale physiology and flux 

t i l l t tmeasurements in a large scale context
•Provide ‘ground truth’ for remote sensing 
ET modelsET models
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CSIRO Land and Water
Richard Silberstein
Team Leader, Groundwater hydrology

Phone: 08 9333 6000
Email: Richard.Silberstein@csiro.au
Web: http://www.csiro.au/people/Richard.Silberstein.htmlp p p

Thank you

Contact UsContact Us
Phone: 1300 363 400 or +61 3 9545 2176

Email: enquiries@csiro.au  Web: www.csiro.au
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