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Micrometeorology

Micrometeorology is a part of Meteorology that deals with
observations and processes in the smaller scales of time and
space, approximately smaller than 1 km and one day.
Micrometeorological processes are limited to shallow layers
with frictional influence. Therefore, the subject of
micrometeorology is the bottom of the atmospheric boundary
layer, namely, the surface layer. Exchange processes of
energy, gases, etc., between the atmosphere and the
underlying surface (water, soil, plants) are important topics.

© Glickman, 2000, Foken (2008, 2016)
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What is Micrometeorology ?

= Micrometeorology has a strong focus in basic research

» The interaction ecosystem — atmosphere (climate) is
micrometeorology

* Modelling and measurement of fluxes at the Earth surface is
micrometeorology

= Atmospheric chemistry and micrometeorology are coupled by the
Damkdhler-number

= Micrometeorology is the theoretical basis of applied meteorology




UNIVERSITAT
P ST e s e [y BAYyCEER
Bayreuth Center of Ecology
and Environmental Research

Applied Meteorology

Applied Meteorology
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Air Pollution Studies are related to Applied Meteorology
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Pasquill classes
with the standard deviation of the wind direction

extreme unstable 25

unstable 20
light unstable 15
neutral 10
light stable 5
stable 2.5

© Blackadar (1997)

Strong relationship to the heterogeneity of the surface (Footprint)
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Pasquill classes
with wind and cloud classes

surface irradiation at da cloudiness at night

wind strong moderate  low thin
clouds: clouds: clouds: clouds < 3/8
0/8-2/8 3/8-5/8 6/8—8/8 or 2 4/8

A-B B
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© Blackadar (1997)

Strong relationship to visual observations
www.bayceer.de
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Pasquill classes
with the standard deviation of the wind direction

Pasquill description Obukhov
class length L for z=10 m

extreme unstable -30 - 0.33
_ unstable - 100 -0.1
light unstable - 300 -0.033
' neutral 5000 0.002

_ light stable 250 0.04

- stable 60 0.17

© Foken (2008, 2016)

Strong relationship to micrometeorological measurements
www.bayceer.de
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Pasquill classes
with the standard deviation of the wind direction

Pasquill description Obukhov z/L
class length L for z=z10 m

08, 2016)

Strong relationship to micrometeorological measurements
www.bayceer.de
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Simple Gaussian distribution function
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Energy Fluxes at The Earth Surface
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© Wild et al. (2013)
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Content

= Scales of Micrometeorology

= Footprint Concept

= Energy Balance closure Problem
= Coherent structures

= Trace gas fluxes
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Scales of Micrometeorology
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Scales of Micrometeorology - Problems
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Upscaling Concept
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Footprint-Concept for Measurements
and Modelling
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Fluxes of two
different Surfaces
In the Footprint
Area
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© Biermann et al. (2014)
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Turbulent fluxes
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Footprints in an
Heterogeneous
Landscape
Wind Energy
Application

Contribution of forest
on the footprint:

Effect level | >90 % 50-90 % 10-50 %
No. Sumin | No. Sumin | No. Sum in f}:m N
% % %
Northerly |1 2 5 7 10 6 14
station
Southerly |0 0 2 3 1 <1 3
station

© Foken (2013)
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The Energy Balance Closure Problem
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Micro- und meso-turbulent Fluxes
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Correction of the Energy Balance Closure

» Correction according to the Bowen ratio © Twine et al. (2000)
= Correction according to the buoyancy flux  © Charuchittipan et al. (2014)
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Tall Vegetation (similar: Urban Areas)

Mixing layer
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Coupling Regimes
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Air Chemistry and Coupling
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Definition of the Damkdhler-Number

L
Da =-2 k(c)
Le

ty: characteristic transfer time
t.: characteristic reaction time
k: kinematic reaction constant
c: dimensionless volume averaged concentration




UNIVERSITAT
P ST e s e [y BAYyCEER
Bayreuth Center of Ecology
and Environmental Research

Chemical and atmospheric time scales
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N2
Reaction NO — O, in a forest =

EGER

height , m

1: Decoupling close to the
ground, Da > 1

2: Mixing due to gravity
waves, Da <1

3: Mixing due to Low-Level-
Jet, Da<1

height , m

& 4: Decoupling of the trunk
i L I space, Da>1
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Perspectives in Micrometeorology
and Applied Meteorology

» The Monin-Obukhov similarity theory is only a special case. Modified
parameterizations are necessary for tall vegetation, stable
stratification, polar regions, heterogeneous surfaces etc.

» The interaction of the atmosphere and the ecosystems or urban
areas is very complicated. A better process understanding is
necessary.

» Reactive chemical processes in the atmosphere must be controlled
with the Damkd&hler-number.

» Applied meteorological methods can be updated with
micrometeorological knowledge.

» The progress in Micrometeorology should be applied in air pollution
studies
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