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Figure I. Schematic of the urban boundary laver including its vertical layers and scales. "UBL’ stands
for Urban Boundary Layer, and “UCL" for Urban Canopy Layer (revised by Oke and Rotach after a
figure in Oke, 1997).
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A city and its regional interrelations due to
climate change and anthropogenic energy production —
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several options for ground-based remote sensing of the urban BL

acoustic remote sensing (SODAR) wind profiles
turbulence profiles
(max. range: about 1000 m) Inversions
optical remote sensing (ceilometer) particle distribution profiles

(inversons)
(max. range: several km)

radio-acoustic remote sensing (RASS) temperature profiles

(max. range: several hundreds of metres)
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acoustic remote sensing
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Large SODAR
of IMK-IFU
(METEK DSDR3x7)

frequency: 1500 Hz

range: 1300 m
resolution: 20 m
lowest

range gate: ca. 60 m

size of instrument:

height: 4m
width: 1,50 m
length: 10 m
weight: 8t
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SODAR measurements in a wintry Alpine valley

29 January 2006
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Multiple atmospheric layering and mixing-layer height in the Inn valley observed by remote sensing. Meteorol. Z., 16, 415-424.
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Monthly mean
vertical profiles
of sigma w (turbulence, left) and turbulence intensity (right)

Hannover, April 2003 Hannover, April 2003
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Algorithms to
detect MLH
from SODAR data

criterion 1:
upper edge
of high
turbulence

criterion 2:
surface and
lifted
Inversions

MLH = Min (C1, C2)
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Monthly mean diurnal courses of mixing-layer height
Hannover, Germany 2002/03
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Emeis, S., M. Turk, 2004: Frequency distributions of the mixing height over an urban area from SODAR data. Meteorol. Z., 13, 361-367.
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optical remote sensing
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Ceilometer
(Vaisala LD40/CL31)

wave length: 855/905 nm

range: 4000 m
resolution: 15 m
lowest

range gate: ca. 30 m (CL31)
ca. 150 m (LD40)

size of instrument:

height: 1.2 m
width: 0,50 m
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Multiple atmospheric layering and mixing-layer height in the Inn valley observed by remote sensing. Meteorol. Z., 16, 415-424.
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combined acoustic and
optical remote sensing
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Diurnal variation of mixing-layer height
from SODAR and Ceilometer data (Budapest)
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Simultaneous operation SODAR—CeiIimeter: examples for summer days
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to investigate boundary-layer structures relevant to air pollution in cities. Bound.-Lay Meteorol., 121, 377-385,
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radio-acoustic remote sensing
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SODAR-RASS

(METEK)

e & & === gcoustic frequ.: 1500 — 2200 Hz
. 6 & | radio frequ.: 474 MHz
, ol N === e resolution: 20 m
= lowest
range gate: ca. 40 m

vertical range: 540 m
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height-time cross-section of potential temperature from RASS soundings
increasing wind speed during night (LLJ)
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height-time cross-section of potential temperature from RASS soundings
perfect clear day
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examples for the influence of
boundary layer structure on
air quality
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correlation at roof-top level: pollutant - MLH

October 2001 - April 2003
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Influence of mixing layer height upon air pollution in urban and sub-urban areas. Meteorol. Z., 15, 647-658.
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correlation at street level: pollutant (CO) - MLH
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Example for the operation of a ceilometer in Mexico City
(LD40 of Vaisala)

variation of MLH in the Chalco valley southeast of Mexico City

measurement campaign in Tenango del Aire (near Mexico City)
March 2006

(cooperation with the Centro de Ciencias de |la Atmosfera (CCA) of the
Universidad Nacional Autonoma de México (UNAM)
within the MIRAGE MEX project)

PD Dr. Stefan Emeis, Institute for Bilateral Workshop on Air Quality, Climate Change
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CONACYT

sl Y
- e T . -
i o I.._I'ul L 1 F
i W A R T
1 e —

_.. -Tlalncpantla ] T e _
T8 \ A 77 N

“Ctudadf""” :
de Héxmu

Measurement Period: 05.03.2006 —
01.04.2006

Location: Tenango del Aire, Mexico

Coordinates: 19°.1561 N — 98°.8642 W

I'. E@ﬁ'—u;‘:uu |'Ill.-"‘ 36[- '%

PD Dr. Stefan Emeis, Institute for Bilateral Workshop on Air Quality, Climate Change
Meteorology and Climate Research (IMK-IFU) and Health in Central Mexico, May 19-21, 2008

Altitude: 2377 m asl




Measurement Period: 05.03.2006 —
01.04.2006

Location: Tenango del Aire, Mexico
Coordinates: 19°.1561 N — 98°.8642 W

Altitude: 2377 m asl

h'lateui Chiconcuac

T T g ! : —
e iEi 3 : \ e -

C|ude |-¢F'EZ ‘i = ! Tag I.iIEIEt‘En y ). . C

i de Judrez)

Tlalnepanﬂa %

‘.fg‘-an FB|IpE' s | : '. - \\.
S
N oy
e
ol :
e A
Chlmalhuacan Chlmluapan i
e de Judrez ]‘|
B II’\‘l \\S‘ o / Rio Frlrl:-
racan o dBJf”:.[iz_"{:H-.
e G ™ ™ Acuagnaﬂ,« @-. o %ﬁmﬂig
“  Sante Catari nafd—ﬂ {@ \
1L“""--\.-«-,__"l"au::ahl.uz’clw‘\\“ial_lm I'_‘.ruzﬂ lll".lll San R
e San Martin } 4 Ixtapal
Tishuaz = -Chalcoide Diaz Cuautlalpan \
: Cl:l\rarruhlas i 4
| ] San ..'uan h La Candelaria o i
San Miguel Saﬁﬂhigu;zil Irta.yopan Hurlzllzmgn Tlapala i
Ajusco Tapileios ] [
pilejos ol Tetall:u “8an Pablo ;
T San Earholumé | Atlaza [
'Isap Salvador xlcnmulm % » v
lJEua.uhtElncu s ‘:_. Ten | zta-po
B del Aire '
il f .ﬁ.magg:ameca : -
S — de Judraz ;
| i g ! |
= L ; s L T 2
500 : I-Zagnl-'llrl.!lanill:a - AT Jlj = .' San Juaifs 'I'I:?.'nguacaa
3 iy ol jseti
[ i i 5, Ozumba Tehubcditlan
-] 3 Tres Maries ] . e Al-’-ﬁﬁf' g ]
[ o autla de b
', Huitzilac Tlacatenco 1 TEFL’E“‘TE | Wictoria g
: y : # Tialnepantla-=", \ | " -
Ocuilan de [ / Tapgzuan Tofilapan 4 7 %an Juan i /
Arteana : : " San Andrés;” Tepetaculco ¥ I
; 4 ! Santa ’ o 5 Tlalamac” e |
/ M Catarina i 'I'Iayana.pﬂn i T
- o — g ol —d

alinalco | ; \
- -" Cuernavaca;

| .f.ju’chiﬂa.n ]\I\ /5.;:\\

Oacalcu % Allatiahucan : {
{ -15;“..':"__‘““m ;r':" Jumiltepec i

PD Dr. Stefan Emeis, Institute for
Meteorology and Climate Research (IMK-IFU)

Bilateral Workshop on Air Quality, Climate Change
and Health in Central Mexico, May 19-21, 2008



&

CONACYT

IT

LD-40 Mexico City backscatter density on 13.03.2006 in 1077 m™1 sr’
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Analysis of up to five layers MLH: i.e. lowest layer
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Acoustic, optical and radio-acoustic remote sensing is suitable for
the analysis of the structure of the urban BL

Conclusions

Joint operation of different instruments gives additional insight

Local circulations (heat islands) and LLJ (coupling with the regional scale)
have influence on air quality

Especially the knowledge of MLH is an important parameter for the

- assessment and forecast of air quality (numerical modelling)
- estimation of emission source strengths from concentration measurements
- conversion of aerosol-optical depths in near-surface air quality parameter

future climate change influences MLH and thus the quality of living
in large cities

PD Dr. Stefan Emeis, Institute for Bilateral Workshop on Air Quality, Climate Change
Meteorology and Climate Research (IMK-IFU) and Health in Central Mexico, May 19-21, 2008
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