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Adapted from Introduction to Boundary Layer Meteorology -R.B. Stull. 1938

Atmospheric boundary layer height, or the mixing height determine the volume

available for pollutant dispersion.

It depends on basic meteorological parameters, surface turbulent fluxes and physical

parameters, and follows a diurnal cycle.

The mixing height cannot be observed directly by standard

measurements, so that it must be parameterised or indirectly estimated from profile

measurements or simulations.
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Meteorological measurements
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Reference mixing height

—— Potential temperature
=== Temperature
===+ Dry adiabate

e

Height (meters)

In convective situations the
Holzworth method used

In stable situations the 0
Richardson number Ri method T MTempersture (0)

used (Ri,; =
(Rlggy = 1) Vantaa, 29 May 2002 08:56 UTC

400

6. -6z . -z
Riz+1) = 8 G ~6)(C0n = 2)
I (Vi+2_Vi)

N

C;>
300
(Joffre et al., 2001) o N
:E;zoo
%1 ;« Mixing height 170 meters
T

100

50

0
-2 0 8 10

2 4 6
Richardson number

Vantaa, 4 January 2002 07:17 UTC

HTB Workshop; Ari Karppinen 5



ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

Ceilometer: Clear sky situations

« MH estimated by fitting an
idealized profile to the
measured backscattering
profile by the formula

B(z) =

B +B, B -B, (z—MH
— erf
2 2 Ah
(Steyn et al., 1999)

« B, Is the mean mixing layer
backscatter and B, is the
mean backscatter in the air
above the mixing layer; Ah s
related to the thickness of
the entrainment zone
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An idealized backscattering
profile.
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Results: Clear sky situations
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The regression line i
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The correlation coefficient r = 0.80
The correlation coefficient r = 0.90
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Examples of longer observation periods
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Further developments
 The 2 & 3 -step algorithms :
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Cloudy situations

* oObservations divided into 3000 L
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Cloudy situations — methods

« Fog: the idealized profile method ™ —'—% =L
- Cloud type 1: The critical value =
(25% of the maximum value) .

- Cloud type 2: B e
Minimum well-defined: the
cloud removed and the
idealized profile method i
used AN \ 4
Otherwise the minimum or The backseateing (107 o)
the critical value (10% of the Example of the removed cloud
maximum value) used at Vantaa, 3 April 2002 9:40

UTC
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Results: Cloudy situations
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Figure 7. Comparison between mixing heights determined by
the ceilometer and radiosoundings in cloudy situations.
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Doppler lidar at Malmi (http://www.ties.salford.ac.uk/people/keb/ufamlidar.html)
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Tabie 1. The companison between MHs determined by cellometer ahd three Inveshoated Doppier lidar meashirments. ¥ responds to the
correlation cosffcient
Regression line r
Fixed threshold value {10-8) MA =080 2037)MH_ -(18 2170} 071
Idealized 3-step method ME =030 x01HME +0360 £65) -0.06
Height of the backscatter maximum MH =020 2040MH +(660 T65) 0.35

Most promising method for Doppler lidar seems to be the
“fixed treshold” method — NOTE! Vertical wind speed
information not yet utilized
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Status/conclusions/further work

The most promising instruments in mixing height
determination — identified so far - are ceilometers and ,
Doppler lidar. -

Both systems still face some problems. The biggest
problem for ceilometer are the clouds, as the biggest
problem for the Doppler lidar is the range of the data E

Further work: assessing the oo SO s ==
usefulness of several ” 1™ 1™
other promising (“MH-wise”) B T T Y
HTB-instruments i RN
( wind profilers, sodar, RASS) <> @ l)
R e T
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