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Modelling canopy-level NPLE
photosynthesis

Applications in:

- Terrestrial carbon modelling - Agricultural modelling

- Hydrological modelling - Energy balance modelling
Mechanistic (e.g. Farquhar et al 1980) Production efficiency
Big-leaf
Sun-shad - - -
GPP = F X PAR X ¢
Layered
big-leaf

Difference between these relates to scaling to the canopy level

fAPAR is a key component of both approaches!



Problems with satellite fAPAR NPLE
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pl'Od u CtS PAR = photosynthetically active radiation
400 — 700 nm
- Multiple definitions fAPAR = fraction of absorbed PAR
_ _ GCOS: required measurement " —
- Algorithm assumptions uncertainty: 10% or 0.05 (WMO 2016) ey =
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- From different sensors N o ol St
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In situ methods use PAR sensors to measure /j

these fluxes

We need a validation strategy -_
that addresses these issues «- Site-specific examples

AII pIots from Weiss et al (2014)
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Proposed validation strategy NPLE

National Physical Laboratory

Virtual Wytham Woods as
Wytham Woods, UK per Calders et al (2018)

REAL FOREST VIRTUAL FOREST

Remote sensing Satellite and in situ sensors Using the 3D forest model,
observationsrequire a are simulated to produce combined with radiative transfer
reference for calibration virtual observations

simulations, “true” properties of
the virtual forest can be calculated

and validation

In situ sensor networks
observe forest properties,
and have associated

uncertainties The virtual observations

are compared with the
“true” model forest values
to test the assumptions
that gointo deriving
biophysical variables

0 0

The modelforestis

validated against the real |

forest, and the connection - |mage credit: Joanna Ramasawmy (NPL)
etween the two gives an

uncertainty on the model



How does this approach help? NPLE
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PAR sensor network S2 fAPAR product
Natural sky conditions Natural sky conditions
Full canopy 1D canopy
Effective fAPAR
Green fAPAR

Using this approach we can homogenise the two quantities — i.e.
conduct simulations using a 3D radiative transfer model which

identify the difference because of the conditions present or the
assumptions made by the product.




e
MethOdS 3D forest model of Wytham Woods from Calders et al (2018) N PL ( :

4-flux PAR network at
(below)

Comparison of a simulated (using 3D radiative transfer model (Librat — Lewis
1999)) and real hemispherical photograph from identical locations (below




Experiments
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Sensing options

In situ sensor (above); satellite sensor
(right); true absorption (below)
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(Above) True difference
gives values much
larger than GCOS
requirements; therefore
corrections must be
made!
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Conclusions NPLE
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= Biases arise out of deviations between the satellite fAPAR
product model and reality

= The magnitude of the biases depends on the observing
system

* The biases can be larger than GCOS requirements and
therefore need to be corrected to conduct good quality
validation activities
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