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Research over 30 years of rising CO,

=Leaf physics =Ecophysiology =Eddy =Flux-gradient =ET
& physiology =SVAT modelling covariance =*Mass balance ="Remote sensing
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Leaf physics & physiology
Stomata — linking photosynthesis, heat flux &
transpiration
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Leaf energy balance
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Coupled leaf energy balance, photosynthesis &
stomatal conductance

R.=A4AE, +H, A, =min V_,V, —R,
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Unknowns

Hc’Ec’Tc’wc’Ci’A\w& gsc

7 unknowns with 7independent equations &
many parameters for auxiliary equations
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Stomatal conductance, assimilation rate & leaf
water potential
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Tuzet, A., Perrier, A. and Leuning, R. (2003). A coupled model of stomatal conductance, photosynthesis and transpiration.
Plant, Cell and Environment, 26:1097-1116.
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Demand - supply for CO,
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Stomatal conductance vs
g
D, — well watered plants | -
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Leuning, R., Tuzet, A., and Perrier, A. (2004). Stomata as part of the soil- 0 10 20 30
plant-atmosphere continuum. In 'Forests at the Land-Atmosphere Interface’. 1 .
M. Mencuccini, J. Grace, J. Moncrieff, and K. McNaughton (Editors), pp. 9- Ds (mmol H,O mol™ air)
28. CAB International, Wallingford UK.
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Water flow through plant

Atmosphere
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Water flow to roots




Water flow through soil and plant

Solve Richard’s Eq. for soil- root water supply

20 _2aiz, @ [rKS 8%]
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Equate water flow through plant with transpiration
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Relative humidity — links transpiration & leaf water potential

hi — exp Mvwv/pvRTsv :

Tuzet, A., Perrier, A. and Leuning, R. (2003). A coupled model of stomatal conductance, photosynthesis and transpiration.
Plant, Cell and Environment, 26:1097-1116.
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Soil water potential vs radial distance from root
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Soil water potential dynamics
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Water potentials during drying cycle
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gco2 mol m2s-1
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G, LEA & c;/c, as soil dries
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Conductance vs D, and y,
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Conductance vs A & PAR
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Models need measurements for parameters &

testing
5] 1==== Syslem
1' 1 """ " boundary B

[ i |
— o .
y : X : Observations, z
L M= Y
> M= {M, M} : : ‘ 1
i I
Cost function, J
1. system boundary, B
2. inputs, u
3. model structure, M
: 4. model states, x 4
: 5. initial states, X, _
: 6. parameters, 6 Errors in each
7. outputs,y component affects
8. observations, z model performance

.................................................................................

Liu, Y. Q. and Gupta, H. V. (2007). Water Resources Research 43, W07401, doi:10.1029/2006/WR005756. %




Micrometeorology
Mass balance for horizontally homogeneous flow
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Eddy Covariance — measurements at canopy scale

Fluctuations in vertical
windspeed work on

! gradients of horizontal

T=—pWU ‘ windspeed & scalars (oL e
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Webb, Pearman & Leuning (1980) theory
Steady state, horiz. homogeneous flow

Can write trace gas flux using concentrations

F =wc, =wc_ +wc, but w=0

Whatisw? WPL assumed no netflux of dry air

F,=0=wc, +wc, =) W=-—WC, /C,
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WPL theory

W=—Wc, /C, Need expression for C,

WPL showed
— 1|— -wT B
W==—| WC, +C— < 3 mms
Cd ﬁ T
. ﬁ —

Water vapor flux | | Heat flux Cannot measure wdirectly

T e



Fundamentals - eddy flux for trace gases
Webb, Pearman & Leuning (1980)

= - T T —| -wT
F =caWy, =WC, +y, | WC, +C—

T

Raw CO, flux |Water vapor flux | Heat flux

Leuning (2007) showed original WPL applies to both steady

& non-steady horizontally homogeneous flows
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Non steady-state,
horizontally homogeneous flow?

V/,J Mass flux

il
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cl,= p/RT | cl .= p/RT

t+At

t+At

» time

There is @ mass flux — matched exactly by change in storage

Mixing ratio easier to use — no WPL corrections needed
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Magnitude of WPL corrections —
add to raw flux
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SVAT modelling
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Compare measurements & models at multiple
sites
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Acceptable parameter sets cannot account
for model structural problems
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Model structural errors or data problems?
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Data-model mandala

Model application

(within domain of validity) Model
(re)formulation
(Definition of model
structure)
Model
Model validation characterization

(against indep. data (Forward runs, consistency check,
by scale or quéntityj \ / sensitivity, uncert. analysis)

Model

parameter estimation
(Multiple data constraints)

\ Parameter /
interpretation

(Plausibility assessment
& evaluation of
uncertainty)

Reichstein %

Generalization
(‘up-scaling’)



Future challenges

1. Improve model structure & processes
*  Fluxes of heat water vapour CO2 agree with measurements simultaneously

2. New ways to distribute parameter values spatially
e Replace plant functional types?

3. Better understanding of adaptation of vegetation to climate
change
e Allocation of resources: nutrients, carbon water and energy

The surface energy imbalance problem 23 April 2012 %
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Some reminiscences

Micrometeorological methods for flux measurements
e Eddy covariance instrumentation
e A tribute to Tom Denmead, OA

Mass balance
e Ammonia
— rice paddies
—  pigslurry
e Methane
— landfill
— sheep

The surface energy imbalance problem 23 April 2012 %



My first eddy covariance system
PhD work 1974
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Tom Denmead — mentor and innovator




Mass balance on a circle

Internal
boundary
layer

z (m)

3.5

3.0 A1
2.5 A
2.0 A
1.5 ~
1.0 A
0.5
0.0 -

*|ntegral = total flux

10

20 30

u*c (m?s™

40




Circular paddy field for NH,; volatilization




Repairing dyke of paddy field during storm




Mass balance on a square
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CH, Sheep grazing with canisters attached
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CH, Sheep with canisters attached




A hard day in the office




