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• Modelling of land-surface exchanges of Water, Carbon 
and Energy.

• Measuring of land-surface exchanges from small aircraft.
• Utilising land-surface exchanges to assess and improve 

ecosystem models.

My background
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The Carbon Cycle
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Global Circulation Models
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Validating GCMs

Plant &
Soil processes

Chamber Fluxes

Eddy fluxes

Airborne fluxes
And remote sensing

GCM
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NEE = ER- GPP

• Net Ecosystem Exchange of Carbon (NEE)
• Gross Primary Production of Carbon (GPP)
• Ecosystem Respiration (ER)

– Autotrophic (Ra), linked to GPP
– Heterotrophic (Rh), linked to Temperature

Components of Carbon Exchange
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Footprint: 0.1 m x 0.1 m 1 m x 1 m

Measurement Approaches: Chambers
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CO2 fluxes

Latent energy

Sensible heat

toweraircraft
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Measurement Approaches: Eddy Covariance
Tower Footprint: 100 m x 100 m 1 km x 1 km
Aircraft Footprint: 2 km x 2 km 100 km x 2 km
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Extending the measurements

Van Wijk & Williams 2005
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Spatial aggregation
of ATM-measured NDVI in
a tundra landscape near
Abisko, Sweden at
increasing pixel length scale

Coarser scale data produce
altered NDVI distributions

Stoy et al. 2009The problem of non-linearity

Stoy et al. 2009
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The problem of non-linearity
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Additional issues with non-linearity

Leaf area index (m2m-2)
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Additional issues with non-linearity

J. Lloyd and J. A. Taylor Source: 1994
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Measurement deficiencies
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Measurement deficiencies

Wind Wind
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Spatially explicit time-series of:
1) Meteorological `drivers’
• Air temp.
• Radiation
• Wind speed
• Precipitation
• Humidity

2) Vegetation `states’
• Soil moisture
• Canopy composition
• Sap flow
• Tree diameter
• Leaf temperatures

3) (For Eddy Covariance) Trace gas concentrations
• Carbon dioxide, methane, water vapour, nitrous oxide

4)  Others
• Flame temp.
• Snow depth

How Can Dense Networks Help?
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Data from  Baxter, Huntley, Hartley
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Comparing tower and chamber CH4 fluxes
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Case 2: Methane
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Additional Issues:
• Water Table
• Soil Temperature
Dense Sensor  Network Requirements:
• Soil Temperature
• Water Table
• Pressure

Case 2: Methane
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Williams et al (2008)

Case 1a: Carbon Uptake
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LAI and C Fluxes

Street et al, 2007 Shaver et al, 2008

NEE = f(LAI, temp, PPFD)



260.5 km

Data from Wayolle, Wookey, Williams
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Case 1b: Respiration



270.5 km

Quantifying the heterogeneity
of a sub-Arctic landscape using 
altitudinal transects (T) and 
cyclic sampling (C)

Birch woodland

Tundra heath

T

C
Abisko, Sweden
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Uncertainty Slide
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