Assignment 3
GEOG 321 / Knox

Convective Energy and Mass Fluxes

Preamble: On the course website you will be provided with one day of
eddy covariance and profile data over a peat bog. Data has been measured
on UBC’s flux tower in Burns Bog, Delta, BC. You can read more about
UBC'’s research at Burns Bog under
https://www.biogeosciences.net/14/2799/2017/bg-14-2799-2017.pdf, and you
can see pictures of the set-up under

https://www.flickr.com /photos/188943790@QN03 /sets/72157714757894551 /.
The actual day is selected based on your student number (please follow
instructions on webpage):

https://geog321.github.io/assignment4/

The data-set includes half-hourly values of the following variables: absolute
temperature T at 0.4 m and 2 m above ground, mean horizontal wind % at
0.4 and 2 m above ground, net allwave radiation @* at 5 m above ground,
and measured covariances u'w’, w'T", w'pl, v/ p’co2 and o/ p/CH4, all measured
at 2 m above ground using an eddy covariance system. Here u and w are
horizontal and vertical wind, respectively, T is temperature, p, is absolute
humidity (in gm™—3), pco, is the molar density of the greenhouse gas carbon
dioxide (in gmolm™2) and pcp, is the molar density of the greenhouse gas
methane (in gmol m=3).

For your calculations, you might need to look-up appropriate values in the
Appendix Tables of T. R. Oke, ‘Boundary Layer Climates’ (for temperature-
dependent parameters select nearest value)®.

Instructions: Please upload your answers including calculations, discus-
sions and graphs in a single, well-structured report (either Word, PDF or
HTML file). Instructions on how to download an html file from the RStu-
dio server and submit your files to myCourses can be found on the course
website under the section 'R Resources’ - 'RStudio Server’ - 'Downloading

! An electronic version of this Appendix is available on the course website



the output to upload your file to myCourses’. Label the report document
with your name, your student number, the course and year. Label the re-
port document with your name, your student number, the course and year.
Upload your answers to myCourses by Monday, April 13, 2026, 11:59 pm.
Marks are indicated in square brackets. In total there are 50 marks.

1.

The eddy covariance system in Burns Bog measured u, v, w, T, py,
PCo,, and pch,. How many different covariances can you theoretically
form from this set of 7 variables? List them. [4]

From the dataset provided on the webpage, calculate Qg at 01:00 and
16:00 from the covariance w'T".

Hint: You can program this and the next formula in the spreadsheet
and repeat it for the entire day—the diurnal course of Qg and Q will
be needed in question 7. Alternatively, you can calculate these values
using R. [4]

Calculate Qg at 16:00 from w’'pl. [2]
Calculate the Bowen ratio at 16:00. [2]
Calculate the daily total evapotranspiration £ in mm day~!. [2]

If all energy from Q* during daytime (for simplicity assume 6:30-18:00)
would be put into Qg, i.e. vapourizing water, what would the total
evapotranspiration be in mm over this day (assume zero E during
rest of day, i.e. night)? You can use a fixed L, = 2.453MJ kg~! for
this estimation. How does this estimation compare to you answer in
Question 57 [4]

Create a graph with time of day on the z-axis and the three measured
flux densities of the surface energy balance (Q*, @, Qg) on the y-axis.
Briefly discuss their diurnal course (point-form is adequate). [4]

For 16:00, Calculate Qp based on the aerodynamic method using the
simultaneously measured profiles of % and T. How does the value of
Qp compare to Qg in your answer to question 27 Why could it differ?
[4]

Using the covariances and the profile measurements, calculate the eddy
diffusivities for sensible heat Ky and momentum Kp; at 16:00. Is
Reynold’s analogy fulfilled or not at 16:007 [4]



10.

11.

12.

13.

14.

15.

For 16:00, calculate Rf. What is the stability regime you find under
those conditions? [4]

For 16:00, calculate the Obukhov-length L and the stability parameter
¢ = z/L. Does (¢ qualitatively agree with Rf? Is ¢ = z/L really
indicating 'neutral’ as assumed in Question 87 [4]

In the process of photosynthesis, energy is extracted from photons
in the PAR range. To assimilate one mole of COs, it requires an
energy of 469 kJ. The same amount is released back during respiration
(metabolism, decomposition of organic matter). We call this energy
flux density the net biochemical energy storage AQp. Calculate AQp
at 13:00 in Wm™2. At 13:00, what fraction of Q* is used up in the
process of photosynthesis? Is AQp a relevant term in the surface
energy balance of this bog or not? [4]

Determine the average carbon dioxide (CO2) flux density between the
bog and the atmosphere for this day and convert it to g COy m~2 day .

Is the surface a net sink or net source for atmospheric CO2? [2]

Determine the average methane (CHy4) flux density between the bog
and the atmosphere for this day and convert it to g CHy m~2 day .

Is the bog a net sink or net source for atmospheric CH4? [2]

To compare the warming potential of different greenhouse gases, we use
the metric of global warming potential (GWP). The GWP of methane
over 100 year is 28 kg CO9 per kg of CHy. This means that emitting
1 kg methane into the atmosphere has the same warming potential
over 100 year as emitting 28 kg carbon dioxide. Considering the GWP
of methane, determine the combined effect of both, carbon dioxide
and methane fluxes during your selected day. Do the combined green-
house gas fluxes from the bog during your day contribute to climate
warming, or do they sequester greenhouse gases? (Hint: Multiply the
mass flux of methane from question 14 times the GWP of 28 kg kg ™!
to retrieve the carbon dioxide equivalent. Then compare the carbon
dioxide equivalent flux to that of carbon dioxide in question 13). [4]



