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Presentation Notes
many thanks to my co-authors, especially Laura Chasmer who has invested a lot of time into the LiDAR data analysis and Chris Hopkinson who did the lidar measurements.


Study Sites

Southern boreal forest, Saskatchewan, Canada

Broad-leaved forest
e Old Aspen site (OA)
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Conifer forest
e Old Black Spruce site (OBS)
e Old Jack Pine site (OJP)
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Less than 100 km from each other

BOREAS = Boreal Ecosystem-Atmosphere Study 

BERMS = Boreal Ecosystem Research and Monitoring Sites 


Study Sites
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One amazing feature of these sites is that they are located in vast, homogeneous forests.

Flying over the sites in an air plane as here, or with google earth -> vast forests


Study Sites
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Photos from the flux towers at the three sites -> very homogeneous forest.

The terrain is predominantely flat.

Tamarack at OBS.


Study Sites

Old Aspen Old Black Spruce Old Jack Pine

OA OBS ON
e Age - 8dyears 130 years | _8_0: years
» Stand deciduous wet coniferous ’dfj‘cbniférﬁ__o'us
e Height 21 m /m | 13 m f:_: Ty
o LAI 5.6 m?m-2 4.2 m’m-2 5224 m2m2 :
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Each of the forests emerged after a forest fire -> all trees are of same age.


=
Flux Tower Measurements

Eddy correlation system

e Measurements since 1993
(former southern BOREAS sites)

e SONnic anemometer
» Closed path gas analyser
* Fine-wire thermocouple

e Standard climate measurements
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The heart of the flux measurements is a so called Eddy correlation system.

It consists of... 


Airborne Survey: LIDAR Data

e Send and recelive laser impulse (four-pulse return)

e Flight at 600 m to 1500 m above ground

« High spatial resolution (35 cm to 1 m) for 4 km x 4 km
« 3D image of forest
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LiDAR: Light Detection and Ranging


LIDAR Data

Ground returns even from under canopy
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Tree Height, Fractional Cover

Forest plot point clouds  Frequency Distribution

Percentile
100%

000 J———=gcanopy 90% 90%

|

height depth

|

canopy base
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canopy depth = canopy height – canopy base height

fcover = fraction of canopy cover

tree height = average tree height (determined by percentiles)


LIDAR Data

Example: Old Aspen site (OA)
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Unlike data from passive sensors, the LiDAR data set provides information from within the tree canopy.

Quantifying the 3D structure of the forest canopy - distinguish between tree canopy, understorey and ground surface.

Flux tower visible.




Example Products from LIDAR Survey
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Example Products from LIDAR Survey
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Example Products from LIDAR Survey
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Example Products from LIDAR Survey

Elevation (m)

580

Elevation Tree Height
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Valleys with higher trees..

opening from the people who came in to connect the site with electricity and a phone cable.


Example Products from LIDAR Survey

LAle LAle LAle
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Beer’s law, using gap fraction derived from lidar intensity and echo class info. using dhp for training the model.

LAIe = -ln(P)/K
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As you can see, there's a lot to learn from this data set about the phenology of the sites. 

However, our main interest in the combination of the LiDAR data and the flux data.


Which Area Contributes to Measurement?

Footprint: spatial extent of the area contributing
to the measured quantity
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Which Area Contributes to Measurement?

Footprint depends on

* Height of measurement
o Surface properties

o Atmospheric flow
characteristics (wind
speed, wind direction,
turbulence...)
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smooth or rough surface

mechanically induced turbulence or buoyancy induced turbulence




Footprint Estimates

Footprint description
7(r) = | Q(r+r)f(r,rdr

n. Measured value atr

receptor

Qn: source emission rate
at r+r’

R: Domain of integration

f:  Transfer function
(footprint function)
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n: measured value at receptor

Qn: source emission rate




=)
Footprint Estimates

Footprint description
7(r) = | Q(r+r)f(r,rdr

n. Measured value atr

receptor

Qn: source emission rate
at r+r’

R: Domain of integration

f:  Transfer function
(footprint function)
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n: measured value at receptor

Qn: source emission rate




=
Footprint Estimates

Footprint description

n(r) = | Q, (r+r) fEEYdr

Analytical models — only valid for SL, homogen. surfaces

Lagrangian stochastic particle models — CPU-intensive

e Parameterisations of above models

Large-eddy simulations — CPU-intensive
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SL = surface layer

A layer of air of order tens of meters thick adjacent to the ground where mechanical (shear) generation of turbulence exceeds buoyant generation or consumption. In this layer Monin-Obukhof similarity theory can be used to describe the logarithmic wind profil. The friction velocity u* is nearly constant with height in the surface layer.




Lagrangian Stochastic Particle Models

Langevin equation (Thomson 1987):

Lagrangian particle position

Lagrangian particle velocity RIS G/I==NTAN VN1

= ag;(x,u,t)dr + b;;(x,u, ) d§;

= uds

Correlated part depending on turbulent velocity a.

Uncorrelated random contribution bij
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Lagrangian Stochastic Particle Models

Turbulence profiles as input
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Lagrangian Stochastic Particle Models

Track particles
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Presentation Notes
As you can see, there's a lot to learn from this data set about the phenology of the sites. 

However, our main interest in the combination of the LiDAR data and the flux data.


Combination of LIDAR Data and Flux Data

o Footprints (Kljun et al. 2004) for each 30 min flux data
point (growing season, daytime)

e Extract canopy characteristics within footprints

— tree height, canopy depth, LAle and elevation per
30 min sampling period

— Comparison of CO, fluxes and canopy characteristics
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Restricted our study to the growing season since the LiDAR survey was done during the growing season. 

Created a tool to overlay footprints with LidAR data, i.e. with the 3D-information of the forest

Net ecosystem productivity (NEP), Gross ecosystem photosynthesis (GEP)


Example Footprint Climatology
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Example Footprints

OJP
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Impact of Vegetation Characteristics: OJP

Significant deviation from mean (360°)
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Impact of Vegetation Characteristics: OJP

Calculate residual values:
NEP residuals = NEP measured — NEP modelled

NEP modelled = f(PAR, Tair, soil moisture)
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measured PAR, Tair, etc.


Impact of Vegetation Characteristics: OJP

Significant deviation from mean (360°)

NEP residuals
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Impact of Vegetation Characteristics: OJP

Significant deviation from mean (360°)

NEP residuals
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Impact of Vegetation Characteristics

Deviation from average LAle for top 50% of growing
season fluxes

LAle

2005
2006
2007
2008

Average [m2/ m2]
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Summary

LIDAR data sets for flux tower sites offer a lot of
additional information on vegetation canopy and
topography

Tool to overlay footprints with maps from LIDAR data

and to extract vegetation characteristics within
footprints

Vegetation structure can have significant impact on
CO, fluxes - even at predominantly homogeneous sites

When upscaling fluxes - weight site characteristics or
annual fluxes for site representativeness?
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