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1. Introduction

Urban areas are challenging for EC measurements

BUT their importance drives the increasing number
of measurements
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Urban EC measurement sites

28 active sites
cover 22 cities

Europe and North-America
covered well

(Urban flux network, Jan 2013)
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Urban boundary layer
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ISL- inertial sublayer, RSL- roughness sublayer, UCL- urban canopy layer



2. Differences between urban and
non-urban EC measurements

Mounting of instruments more difficult
- above roughness sublayer (RSL) but within surface layer
- flow distortion due to surrounding buildings and tower structure
- point sources vs. local scale sources (below)

304 S. Kotthaus, CS.B. Grimmond / Atmospheric Environment 57 (2012) 301316

n

Fig. 2. Schematic of urban canopy indicating local scale source area and micro-scale point source influencing eddy covariance measurements above blending height z.

micro-scale point sources local scale source area




Increased surface roughness

- momentum transport stronger

- Z, and z, can be calculated from building dimensions
Anthropogenic emissions: sensible and latent heat, CO,, particles...
Different surface covers

- Impervious surfaces (paved) - less evaporation - more sensible heat
- less vegetation - less CO, uptake
- generally very heterogeneous - footprint models do not work

-> more unstable stratification, high BL, large CO, emissions



3. Urban energy, water and
CO, budgets

Radiation balance is

altered due to Figure 2, Radiation balance To space
. . Reflection
Pollutants in the air bse Son s
Altered albedo SN
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radiation
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CO, balance
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Grimmond and Christen 2012
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4. Urban heat island

: Air temperature deviation from areal mean
Temperatures in urban areas

higher than in the surrounding July2009 - June2010 (Achim Drebs)
areas (especially at night) / pY 1 (
BECAUSE of \ g

Anthropogenic heat emissions
Surface cover changes
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5. Urban EC
measurements
INn Helsinki

Nordbo et al., 2012b
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Evaporation is 30% lower Tulvat Helsingin vakavin ilmastouhka
downtown compared with i pam

Kumpulal!

—> higher risk of flooding due
to smaller evaporation and
Impervious surfaces!

“Floods are the most severe
climate threat in Helsinki”
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CO, fluxes in
Kumpula
(Jarvietal 2012) -
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Particle flux at
SMEAR Il follows
traffic rate
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6. EddyUH URBAN

under development

Calculates

Z, and z4 for each 30-min period based
on a building morphology map (right)

Flux footprints
(Korrman and Meixner, 2001)
Land cover for each 30-min period
(based on footprints and land cover map) €

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

Nordbo et al., 2012b



Annika Nordbo
Department of physics
P.0.Box 48

FI — 00014 University of
Helsinki

annika.nordbo@helsinki.fi
+358 50 415 4830

www.mv.helsinki.fi/home/
nordbo/index.html

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

T ———— o I’..e
Plumes in Helsinki on Sat 4th of Feb 2012, 23:48

www. helsinki.fi/yliopisto

6.2.2013

23




References

Grimmond CSB and Christen A (2012) Flux measurements in urban ecosystems. Fluxletter - The newsletter of FLUXNET 5:1-8.

Jarvi L, Nordbo A, Junninen H, Riikonen A, Moilanen J, Nikinmaa E, Vesala T (2012) Seasonal and annual variation of carbon dioxide surface
fluxes in helsinki, finland, in 2006-2010. Atmos. Chem. Phys. Discuss. 12:8355-8396. doi:10.5194/acpd-12-8355-2012

Jarvi L, Mammarella I, Eugster W, Ibrom A, Siivola E, Dellwik E, Keronen P, Burba G, Vesala T (2009a) Comparison of net CO2 fluxes measured
with open- and closed-path infrared gas analyzers in an urban complex environment. Boreal Environ.Res. 14:499-514.

Jarvi L, Rannik U, Mammarella I, Sogachev A, Aalto PP, Keronen P, Siivola E, Kulmala M, Vesala T (2009b) Annual particle flux observations over
a heterogeneous urban area. Atmospheric Chemistry and Physics 9:7847-7856.

Jarvi L, Hannuniemi H, Hussein T, Junninen H, Aalto PP, Hillamo R, Makel& T, Keronen P, Siivola E, Vesala T, Kulmala M (2009c) The urban
measurement station SMEAR llI: Continuous monitoring of air pollution and surface-atmosphere interactions in Helsinki, Finland. Boreal
Environ.Res. 14:86-109.

Kormann R and Meixner F (2001) An analytical footprint model for non-neutral stratification. Bound.-Layer Meteorol. 99:207-224.
10.1023/A:1018991015119

Kotthaus S and Grimmond CSB (2012) Identification of micro-scale anthropogenic CO2, heat and moisture sources - processing eddy covariance
fluxes for a dense urban environment. Atmos.Environ. 57:301-316.

Nordbo A, Jarvi L, Vesala T (2012a) Revised eddy covariance flux calculation methodologies - effect on urban energy balance. Tellus Ser. B-
Chem. Phys. Meteorol. 64:18184.

Nordbo A, Jarvi L, Haapanala S, Moilanen J, Vesala T (2012b) Intra-city variation in urban morphology and turbulence structure in Helsinki,
Finland. Boundary-Layer Meteorol. 10.1007/s10546-012-9773-y

Nordbo A, Jarvi L, Haapanala S, Wood CR, Vesala T (2012c) Fraction of natural area as main predictor of net CO2 emissions from cities.
Geophys.Res.Lett. 39:0L.20802. 10.1029/2012GL053087

Oke TR (1987) Boundary Layer Climates. Routledge. pp 435

Vesala T, Jarvi L, Launiainen S, Sogachev A, Rannik U, Mammarella |, Siivola E, Keronen P, Rinne J, Riikonen A, Nikinmaa E (2008) Surface-
atmosphere interactions over complex urban terrain in Helsinki, Finland. Tellus Ser.B-Chem.Phys.Meteorol. 60:188-199. 10.1111/].1600-
0889.2007.00312.x

Wood C, Jarvi L, Kouznetsov R, Nordbo A, Joffre S, Drebs A, Vihma T, Hirsikko A, Suomi |, Fortelius C, O’Connor E, Moiseev D, Haapanala S,
Moilanen J, Kangas M, Karppinen A, Vesala T, Kukkonen J (2013)
An overview on the urban boundary-layer atmosphere network in Helsinki. Bulletin of the American Meteorological Society



