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• All sites are equipped 
with a Gill WindMaster 
Pro 3-D sonic 
anemometer and a LI-
COR LI-7500DS open-
path CO2/H2O infrared 
gas analyzer.

• Measurements are 
collected at a 10 Hz rate.

• Raw high frequency data is 
processed using the LI-
COR SmartFlux 3 system 
and EddyPro v.7.0.9. 

• Data is sent daily and 
remotely from each tower 
to the lab via a modem. 

• Using MATLAB, 
suspicious 30-minute flux 
values are filtered, and 
data is gap-filled using 
the FluxNet Canada 
Research Network 
(FCRN) scripts.

• Flux footprints were 
generated using the Chen 
et al. (2009) model, then 
visualized using QGIS.

a) MB1

MB1  Clay      Canola (1.1 m, Red Clover) 
MB2  Clay Loam   Alfalfa (0.3 m)
MB3  Clay Loam   Canola (1.1 m)

• Soil bulk density (pb) = 1000 kg m-3

• 2.51 m < sonic height < 3.03 m 
• Average EBC = 0.86

MB4  Loamy Fine Sand  Alfalfa (0.3 m)
MB5  Fine Loamy Sand  Oats (0.35 m, Alfalfa)
MB6  Fine Loamy Sand  Spring Wheat (0.85 m)

• Soil bulk density (pb) = 1200 kg m-3

• 2.50 < sonic height < 3.01 m
• Average EBC = 0.90

• Flux Footprint calculations are unique and complex, 
based on local wind direction and speed, friction 
velocity, crosswind STDV, atmospheric stability, and 
instrument and canopy height. Footprint 
climatologies were processed based on results from 
hourly, daily, and monthly footprints using data from 
July and August.

• Footprints for each site were within field boundaries 
and sample an area of several hundred meters, 
indicating that the recorded fluxes by the EC system 
are true representations of the field of interest.

• The energy budget determines how net radiation (Rn) 
is partitioned:

 

where H, LE, and G are the flux densities of sensible, 
latent, and conductive heat fluxes. Sp is the energy 
stored due to carbon exchange (conversion factor of 
Blanken et al. (1997) of 0.469 J µmol-1) and Sc (not 
included in analysis) is the energy stored in the 
canopy biomass and air spaces. 

• Average EBC of our sites in 2025 was 0.88 and ranged 
from 0.83 to 0.94. EBC was higher than typical 
FluxNet site values (0.80).

• What may be preventing closure?
• Scale Hypothesis (and differing footprints)
• Seasonal Growing Variations

• The Eddy-Covariance (EC) method is a non-invasive 
technique that measures fluxes of carbon, water, and 
energy in the boundary layer. Vertical wind speeds are 
measured synchronously with scalar concentrations 
to quantify the flux density moving away or towards 
the surface:

• Do the EBCs and Flux Footprints of the 6 sites 
fall into acceptable limits?

• How do they differ, and why?

• Local topography (including tree lines, structures, and lakes) 
have a distinct influence on Footprints. Crop type and 
therefore canopy height also have an impact.

• Differing soil types have differing soil heat storages, which are 
also difficult to measure/extrapolate across a site.  Footprint 
shape may also play a role (scale hypothesis).

• The Energy Balance Closure (EBC) and Flux Footprint 
of a site inform on the accuracy and precision of EC 
measurements over a desired area. Flux Footprints 
should encompass (and not exceed) the field of 
interest, and EBCs should reach closure (close to 1).

• In 2025, we established six EC flux 
towers in commercial fields in MB as 
part of the LEAP project. Sites represent 
different soil textures (clay vs sandy 
loam) and cropping systems (perennial, 
annual, intermediate).

b) MB2

c) MB3

d) MB4

e) MB5

f) MB6

• A high measurement quality is indicated for each site 
based on the Flux Footprints and Energy Balance 
Closures (within field boundaries, EBC > 0.8).

• Key factors influencing these results are likely based on 
tower placement, regular (1x weekly) site maintenance, 
and thorough data cleaning.

• The Flux Footprint shapes of the 
northern sites are distinctive from 
the southern sites.

• The average EBCs of the northern 
sites are lower than the southern.

𝐹 = 𝑤′𝑐′

Rn = H + LE + G + Sp + Sc
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Figure 1. Flux footprints for summer (July and August), 2025. MB1, MB2, 
and MB3 (a, b, c) are canola, alfalfa, and canola cropping systems on clay 
soils, respectively. MB4, MB5, and MB6 (d, e, f) are alfalfa, oats, and 
spring wheat cropping systems on sandy soils, respectively.

Figure 2. Energy Balance Closures for the 2025 growing season (May/June- September), with Rn (net radiation, W m-2) 
compared against energy fluxes (LE+H+G+Sp, W m-2) for the MB1 (a), MB2 (b), MB3 (c), MB4 (d), MB5 (e), and MB6 (f) sites.

Figure 3. Map showing the geographical location of each site compared to 
Winnipeg and Lake Manitoba, and showing major highways (unlabeled). MB1 
(purple), MB2 (magenta), and MB3 (red) are the northern sites with clay soils, and 
MB4 (sky blue), MB5 (green), and MB6 (dark blue) are the southern sites with 
sandy soils.
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