
Mapping Air Pollution eMissions (MAPM):
The Winter 2019 air pollution (PM2.5) 
measurement campaign in Christchurch

Ethan Dale, Stefanie Kremser, Jordis Tradowsky, Greg Bodeker, Leroy Bird, 
Gustavo Olivares, Guy Coulson, Elizabeth Somervell, Woody Pattinson, 

Jonathan Barte, Jan-Niklas Schmidt, Nariefa Abrahim, Adrian McDonald and 
Peter Kuma

Presented at: 2020 MetSoc conference Friday 27 Nov



What is MAPM?

MAPM (Mapping Air Pollution eMissions) funded through the 
MBIE Smart Ideas programme.

Problem:
• we are able to measure the pollution in the air, but what really is needed to 

mitigate emissions is the knowledge about where the pollution came from
Solution:
• develop a new tool/system to infer surface emissions maps of particulate matter 

(PM) in cities
• this new system combines state-of-the art models and measurements of PM 



2019 MAPM field campaign

► The MAPM field campaign was designed to test and provide the utility of the MAPM 
method.

► Location: Christchurch - a relatively large city where high PM levels frequently 
occur in winter.

► Period: June-September 2019, during this period PM levels are high due to 
increased use of residential fires.

► Inter-calibration: Two 1 week periods of co-locating all PM sensors (pre- and post 
campaign) to investigate performance.  

► Instrumentation: AWS, radiosondes, ceilometer/mini-MPL, and three types of PM 
sensors: ES-642s, ODINs, and TEOMs.



► We use meteorological data from existing AWS sites as well as 
AWSs specifically installed for the MAPM campaign. 

• 3 AWS installed for campaign 
by Bodeker Scientific

• 5 operated by MetService

• 8 operated by NIWA

• 15 citizen sites retrieved from 
MetOffice WOW (weather 
observations website)

• These are primarily used to 
provide insights into weather 
features (e.g. incoming fronts) 
and wind direction/speed that 
will impact PM concentrations 
in the city (in-flow and 
out-flow). 

Automatic Weather Stations



Vertical Profiles

► 12 radiosondes launched 
over two 24 hour periods 
under different weather 
conditions.

► Launches were on the 
25-26 July and the 15-16 
August.

► Launched in close 
proximity (<1 km) to 
ceilometer and mini-MPL 
instruments.

► Used for the validation of 
the WRF model.



PM2.5 measurements

● PM2.5 (mass density of particles <2.5 μm) was 
measured during the campaign with 3 different 
instruments 17 ES-642s, 50 ODINs and 3 TEOMs.

● The ES-642 and the ODIN are both nephelometers, 
measuring PM using the scattering of light.

● The TEOM measures PM inertially, meaning 
assumptions of the particle type are not required.

● All ES-642s and ODINs were co-located for 1 week 
immediately before and after the campaign period to 
allow for intercomparison to be made.



PM 2.5 measurements



Site Selection

● An Algorithm was developed to select the ODIN 
install sites.

● PM
2.5

 Data from a previous measurement 
campaign was used as input.

● A set of pre-chosen sites was input (chosen 
based on desired co-locations).

● The algorithm then repeatedly selected the site 
that had the most orthogonal (dissimilar) PM

2.5
 

record to the set already chosen.
● The algorithm was limited by input data so a 

secondary euclidean distance factor was 
included.



Instrument Correction

ES-642:

ODIN:

➔ Measurements from both ODINs and 

ES-642s were corrected using the data 

collected during the the pre- and 

post-campaign co-location periods.

➔ Measurements were corrected to agree 

with the TEOM instrument installed at the 

Woolston co-location site.

➔ Two versions of correction were 

considered:

◆ Version 1 - simple linear correction.

◆ Version 2 - second order correction 

with additional factors correcting for 

RH.
Mean squared error:



Instrument Correction

● Instruments were corrected twice, using the 

pre- and post-campaign co-locations.

● These two sets of corrections were then 

interpolated between creating a time-evolving 

correction to the PM
2.5

 record.

● The evolution of the version 1 coefficients for  

ES-642s and ODINs is shown.



Uncertainties

● Uncertainties were calculated for all ES-664s and ODINs.

● Uncertainties were separated into two halves:

○ Intra-instrument variability - "What confidence interval should we apply to the measurements 
to have a 68% confidence that the interval includes the mean from the ensemble of 
instruments of the same type?"
■ parameterised in terms of PM2.5.

○ Instrument type accuracy - “How likely is it that the average of measurements taken by the 
ensemble of all instruments of the same type are the same as the measurement from a 
reference instrument?”
■ Treated as constant value.

● Uncertainties were calculated at both co-locations and were linearly interpolated to provide 
uncertainties on the campaign measurements.



PM10 measurements

● As well as PM
2.5

 ODINs also measure PM
10

.

● To investigate the influence of ‘background’ 

PM we compare these measurements at two 

sites:

○ A ODIN site at the City Centre

○ A ODIN site on New Brighton beach

● We also consider the wind measured at nearby 

AWSs.



PM10 measurements

● We define the value:

 R = PM
2.5

/PM
10

● At the City Center site R does not 

change with wind direction.

● At the coast we find small values 

of R (larger mean particle size) win 

the wind come from a easterly 

(onshore) direction.

● Conversely we find larger values of 

R (smaller mean particle size) 

during periods of westerly winds.

City 
Centre

Coast



Summary

• Field campaign in Christchurch combined a wide variety of instruments to provide 
meteorological and PM data.

• We explored methods for correcting PM data and found that while a simple 
correction was best for ES-642s the ODIN measurements benefited from a more 
complex correction.

• uncertainties were calculated by comparing individual instrument to the ensemble 
and the ensemble to the reference.

• Comparing PM2.5 and PM10 allow particulates of different origins to be identified.

• All measurements are available on the MAPM website - www.mapm.co.nz

• Paper is available as preprint: Dale, E. R., Kremser, S., Tradowsky, J. S., Bodeker, G. E., 
Bird, L. J., Olivares, G., Coulson, G., Somervell, E., Pattinson, W., Barte, J., Schmidt, J.-N., 
Abrahim, N., McDonald, A. J., and Kuma, P.: The winter 2019 air pollution (PM2.5) 
measurement campaign in Christchurch, New Zealand, Earth Syst. Sci. Data Discuss., 
https://doi.org/10.5194/essd-2020-276, in review, 2020. 

http://www.mapm.co.nz
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