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Outline
• Eddy Covariance (EC) flux method
• EC flux measurements over urban surfaces and their
application to evaluate emission inventories:
- EC flux measurements of pollutant gases and aerosols
over a populated neighborhood of Mexico City.
-The
The role of trees in the CO2 flux from a tropical urban
neighbourhood.
- EC flux systems as a tool to evaluate environmental
policies.
policies

• International experience
- Location
L
ti off urban
b flux
fl sites.
it
- Publication of urban EC flux measurements.

• Final remarks

Eddy Covariance (EC) Flux Method
• Fast response sensors
• Fast response data
acquisition systems
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The flux of a trace gas (F ) is
calculated as the covariance
between the instantaneous
deviation of the vertical wind
velocity (w’) and the
instantaneous deviation of the
trace gas concentration (c ’)
for time periods between 30
min. and an hour.
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Improved source
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Chemical tracers and
mass balance

Improved emissions
factors

Receptor models

Direct emissions
measurements

EMISSION
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Inverse modeling

Consistencyy checks
and balance

Analysis of time
trends

Bottom-up
otto up
improvements

Top-down checks
(using ambient measurements)
Molina and Molina, 2002

The challenge of EC
flux measurements in
urban areas

Heterogeneity in
terms of surface
cover, buildings
morphology and
emission sources.

EC fluxes from a densely populated neighborhood
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Emissions correspond to the grid cell where the flux system
y
was located. The
light shadow represents ±1 standard deviation of the measured fluxes.
Velasco et al., Geophys. Res. Lett., 32, 2005

EC fluxes vs.
emission inventory

Velasco et al., Atmos. Chem. Phys. 9, 7325 7342, 2009.

The solid line corresponds to the
average flux measured by EC, while the
dashed lines indicate ±1 standard
deviation from the measured flux. The
emissions were extracted from the g
grid
cells coinciding with the observed
footprint.

The role of trees in the CO2 flux from a tropical urban neighbourhood
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EC flux measurements: a tool for air quality management
In 2005 the importing of second hand vehicles
(> 10 years old) from US is officially approved.
Junk vehicles started to dominate Mexican’s
streets.
In Mexico City:
Traffic increased. Worse traffic on weekends.
Old cars: 35% on Saturdays vs. 28% on weekdays.
Higher emissions on weekends than weekdays.
(e.g. CO2 emissions 10% higher on Saturdays)
Weekends reported the worst air quality levels.
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EC flux measurements: a tool for air quality management
New vehicular restrictions in Mexico City
after 2008
Vehicles with foreign plates and without
emissions test certificate cannot drive
from 5 – 11 h on weekdays.
Vehicles older than 8 years do not drive
one day per week and one Saturday
every month from 5 – 22 h.

Small and relativelyy new sedans
dominate the vehicular fleet.
Air quality levels on weekends are not
worse than on weekdays.

Locations of urban flux systems

trace gases and aerosols only

• First urban measurements in 1995 over a residential area in Chicago.
• More than 50 systems have been deployed, mostly in mid-latitude locations in the NH.
• Only few systems installed in (sub)tropical cities and developing countries
countries.
Updated list of urban flux sites and bibliography is available at the Urban Flux Network website
(http://www.urban-climate.org)

Number of publications per site

trace gases and aerosols only

Publications of urban EC flux measurements
trace gases and aerosols only

9.8 year 1

2.1 year 1

CO2: 42

Total: 58

long duration
duration: 22
(> 1 year)

Aerosols: 18

short duration: 34
(< 1 year)

Other gases: 4

VOCs: 8
(CH4, N2O, CO, O3)

Reviews: 2

number: 15
mass: 3
speciated: 3

Final Remarks
Increasingly EC flux systems have been used to evaluate the accuracy of
emission inventories constructed by bottom up approaches. With a proper
selection of the footprint an EC system can represent a large upwind
extent similar to the size of a complete urban neighbourhood and on the
same scale as the resolution of gridded emission inventories (~1 km2).

