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Biogenic volatile organic
compounds (BVOCs)

T
acetone ethanol
.}j
“ ' formaldehyde
S .
2 methanol _
Monoterpene " \J&J -
(thousands) . \)
» (methane)
isoprene

toluene



Can you tell the
difference
between
caffeinated
coffee

and decaf?

If so, you have detected a concentration of
400 parts per million (ppm). There’s more
than 400 ppm of carbon dioxide in Earth’s
atmosphere. Small amounts of powerful
substances have big effects.

CLIMATE.NASA.GOV

®* BVOCs are found at concentrations
1.000-1.000.000 times lower (~ppbv-pptv) than CO,



Biological roles of BVOCs

Plant protection against stress

i Thermotolerance
| Oxidative stress tolerance
~ Photoprotection

Plant defense

Indirect defense against herbivores

Direct defense against pathogens

Direct defense against
herbivores

Plant reproduction

Pollination
Fruit and Seed dispersal

Plant-plant interaction

Communication
Allelopathy

Adapted from Pefiuelas
and Staudt (2010)




BVOC climatic implications
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Aerosols in current and future Arctic climate

Julia Schmale®'™, Paul Zieger©?2 and Annica M. L. Ekman®?

Table 1| Measurement gaps and modelling issues for Arctic processes
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Arctic and boreal leaf temperature

Large difference between air and leaf temperature —
no leaf cooling like in other biomes
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Lindwall et al. 2016
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Arctic BVOC emissions

PREVIOUS RESEARCH  northern high latitudes are warming at two to three times the global average rates

Enclosure-based measurements

Ecosystem
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o Undesired side effects

Control Warming Only sporadic sampling

Kramshgj et al., Nature Geosci (2016)




Multiple scale measurements
for atmosphere-surface exchange

Micro scale: biochemical,
turbulence process studies

@ B
Leaf scale:

ecophysiological process
studies

Canopy and boundary layer scale: flux tower,
tall tower, boundary layer soundings

. 3

Regional scale:

Aircraft flux measurements, airborne remote
sensing, regional network

Global scale:

global network, satellite observations




sites in Scandinavia
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Season-long Eddy Covariance
with PTR-TOF-MS

Ecosystem-scale flux
measurements taking
advantage of air turbulence
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Turbulence 5

production

subrange
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e Atmospheric flow is a
complex superposition
of many different

Turbulence Kinetic Energy
per eddy size

large eddies medium eddies  small eddies

horizontal scales of cakm o com) e

e Swirls (eddies) of many sizes that

motion, where the scale . .
) . are superimposed and interact

Table 9.1 Scales of horizontal motion in the Encmc'sp::lr;:I - n0n|lnea rly tO Create quaSI_

larger than  Scale Name random, chaotic motions. Each
20,000 km Planetary scale individual eddy is evanescent and
S e quickly disappears to be replaced
20 km Meso-B Mesoscale by a succession of different

2 km Meso-y eddies.

200 m Micro-a Boundary-layer turbulence

20 m Micro-8 Surface-layer turbulence d BUt When averaged over ma ny

2m Micro-y - Inertial subrange turbulence eddies, we can observe persistent
2 mm Micro-6 Fine-scale turbulence

patterns and similarities that can
be measured and described.

Air molecules  Molecular Viscous dissipation subrange



Vertical wind speed (m/s)

Statistical description of turbulence
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Reynolds decomposition



In turbulent flow, vertical flux can be presented as:

E d d y (sis the dry mole fraction of the gas of interest in the air)
Covariance

Burba 2013

X
Reynolds decomposition is then used to

break terms into means and deviations:

F=(p,+p))(w+w)(s+s)

—y

Opening the parentheses:

F:(Edﬁ+p\d§z{+ DOWS + P WS + PSS + pLws'+ piw's + piw's’y }

f

averaged deviation from the average is zero

Equation is simplified: ‘ F= (Eﬂ_v;rﬁd ws' +W_VP;S'+ED;W N p;wsf) J

Now an important assumption is made (for conventional eddy covariance) —
air density fluctuations are assumed to be negligible:

N

F=(p,ws-+p, w5+ Wpe + SO0 + P )= Pyvis + WS }

e

Then another important assumption is made — mean vertical flow is assumed to be
negligible for horizontal homogeneous terrain (no divergence/convergence):

Vertical flux can be represented
as a covariance of the vertical
‘Eddy Flux’ velocity and concentration of
the entity of interest

Eddy Covariance

A Fxp,w's'
mathematical principle




Air flow in Ecosystem

ey

Burba & Anderson 2010

e Air flow can be imagined as a horizontal flow of numerous rotating eddies
e Each eddy has 3-D components, including a vertical wind component
e The diagram looks chaotic but components can be measured from tower



ow does the Eddy Covariance
method work?

fime 1 time 2
eddy 1 eddy 2
Cy
air l W, air
Cy

At a single point on the tower:

Eddy 1 moves parcel of air ¢, down with the speed w,,
then eddy 2 moves parcel ¢, up with the speed w,

Each parcel has concentration, temperature, humidity;
if we know these and the speed —we know the flux

Burba 2013



® The eddy covariance method works by measuring vertical turbulent transport
of gas to and from the surface

= With no flux added into the mean flow by the measured area, the eddies
move the same number of gas molecules up and down

@
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Mean flow carries Measured area adds Eddy motions carry
gas molecules over no molecules into the the same number of
the measured area mean flow (= no flux) molecules up and down

Burba 2013



= With flux added into the mean flow by the measured area, the eddies move more
gas up than down, transporting it from the surface into the atmosphere

= |f we know the bias between up and down motions, we know how much was
added into the mean flow by the measured area

Y

e © A

TT}TTTTTTT

Mean flow carries Measured area adds Upward eddy motions
gas molecules over molecules into the carry more molecules
the measured area mean flow (= flux) than downward motions

Burba 2013



EARTH, ATMOSPHERIC, AND PLANETARY SCIENCES
F NAS RESEARCH ARTICLE | ENVIRONMENTAL SCIENCES

Strong isoprene emission response to temperature in
tundra vegetation
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and Riikka Rinnan®®'®

eddy covariance isoprene flux dataset

ever reported for tundra ecosystems




Comparison to single-point MEGAN v2.1 emission model

FINSE site

ABISKO site
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Default isoprene
emission factor
(1600 ug m2h'1)

Leaf temperature
prescribed to equal
the measured
vegetation surface
(IR radiometer)

Overall, MEGAN
performed reasonably
well but with some
discrepancies




FINSE site

ABISKO site

Temperature sensitivity of isoprene fluxes
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FINSE site

ABISKO site

Temperature sensitivity of isoprene fluxes
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could enhance their

0.5 isoprene emissions by

. up to 41% (87%)
—that is 46% (55%)
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Conclusions

 We showed that the strong temperature response —as
earlier shown by experimental work with chamber-based
methods— holds in the “real” world

e Tundra has the potential to substantially boost its isoprene
emissions in response to rising temperatures, at rates that
exceed the current Earth System Model predictions.

e Potential repercussions for the regional atmospheric chemistry and
climate in the unpolluted high-latitude environments

 Models need to account for this temperature response
* Interaction with warming-induced vegetation composition changes
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