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Briefly... [ = 4

What is openair and why was it developed?

What can openair do?
Some examples of recent developments
Trajectory modelling
Future developments
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The importance of measurements [ = 4

High quality measurements are the cornerstone of effective air quality
management

There are 100s of continuous monitoring sites across the UK which represent
a significant capital and on-going investment (£10Ms)

But...

If we only compare annual means for compliance reasons we are massively
under-exploiting the value of these measurements

And...

No dedicated analysis tools to do more with data
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The grand challenge...

How to extract meaning from this...?

600

400 —

NOx (ppb)

200

0
I T T T T T T T T |
Jan-02 Feb-02 Mar-02 Apr-02 May-02 Jun-02 Jul-02 Aug-02 Sep-02 Oct-02 Nov-02 Dec-02

date

© Ricardo-AEA Ltd

Ricardo Energy & Environment in Confidence



The openair project [ = 4

Started in 2008 with 3-year NERC funding with
additional support from Defra

Aim: to make innovative open-source data
analysis tools freely available to the air
guality community

Sub aim: As much as possible, no

programming knowledge required by users
Use software called R

Often thought of as statistical software

But it is really a programming language

specifically designed for data analysis

Usage and capabilities continue to grow at aOPE N &
rapid rate (> 7,000 ‘packages’) ALLCIA V

ource

openair is one of these R packages dedicated
to the analysis of air quality data
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R — software that can do many things...

o Excellent for access to many data
formats

— csv, txt, Excel, binary files,
databases (e.g. SQL Server,
MySQL, Postgres...), XML,
JSON, web scraping, NetCDF,

e Did | mention > 7000 packages?
— Almost endless possibilities

— Excellent code sharing on
Github (think Facebook for
computer code)

o Growing capability for
reproducible reporting / research
and interactive web-based ‘rich
content’ document
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Overview of openair

Many capabilities

Source detection and characterisation

Robust trend analysis

Local and regional cluster analysis

Back trajectory analysis
Model evaluation
Training possibilities

Widely used*
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*Downloaded >28,000 times via RStudio, 1,500 to 2,000 times a month, top 7% of all R packages
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Conditioning plots — central theme [ = <

Almost all openair functions have a
‘type’ option that allows data to be
partitioned in flexible ways

Built-in types include

percentileRose(mydata, type = c("season", "daylight"), pollutant = "o3",

||year|| SpIItS da_ta by year col = "Set3", mean.col = "black")

spring(MAM) |  summer (JJA) autumn (SON) winter (DJF)
"month" splits variables by month of . U o s . .
the year . aooa , 3003 N 3003 4 3003
" " . . 5 (r::} {’H;’g gy Lo b4

season" splits variables by season. [ S R ol h

"weekday" splits variables by day of
the week & w
"weekend" splits variables by (,.r-},n < oy 2 Lo
Saturday, Sunday, weekday . T - & &
"daylight" splits variables by
nighttime/daytime. 2
"wd" if wind direction (wd) — will =

split the data up into 8 sectors: N,
NE, E, SE, S, SW, W, NW.
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Multispecies correlations + clustering [ = 4

Can be hard to get a feel for what's
going on with multiple measurements

Can look at correlations

Apply hierarchical clustering to group Cu {38 2220 9 2433 8 17 13 36 30
things that are most similar to one As -5 27 19 15 7 1428 13 20 7 30036
another Ni {2 16 14 22 7 {43 20 21 21 300 7 13

Mn -11 42 @48 68 30 68 67 #€ 100 21 20 17
Fe —-10/35 38 &5 38 61 &7 100 o€ 21 13 3
v 2 @9 42 49 43 (60 19067 7 20 28 33

Cr —-10 20 20 35 31 10050 61 £ 43 14 24

Hg -7 34 21 33;!63143 3839 7 7 9
corPlot(metals, dendrogram = TRUE) o - 168 1}06 33 35 48 “ 22 15 20

cd -{ 0 66 10048 21 20 42 38 48 14 19 22

Pb | 4 10086 60 34 20 49 35 42 16 27 35

ﬁJL\J\

Days.elapsed —;06 4 0 -4 -7-10 -2-10-11 -2 5 -3
[ [ [ [ [ [ [ [ [ [ [
8E38206>2 5283

Days.elapsed -
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Source characterisation with bivariate polar plots [ = <

N, = K(Nésmmupoﬁﬂuu
. . . g ey - dy L
Scunthorpe is an interesting example - SV Y/ o5 8
Very complex local sources of multiple - v . , , 79%’8”0
pollutants from integrated steelworks S samthoe TR el PN AR
_ _ 99”“5,?“ % i 1 @= Coke iena LI
Major but much more distant sources .« /. / = N[ 4 ana
e.g. Drax power station (#2 on the o y O = o N oo T~ pi -
map, ~35 km from measurement site) ;m W e Xed Coke ovens2 P A
How to un-pick the contributions made - = Power plant AR
by these very different sources? F g AN FRAN|E AN ) (et |
CNANE 3 b/
| SCUNTHORPE % Sinter plant
| N Nt e
Examples of what can be done with 3 . £ {
simple variables: concentration, wind NUj WL~ steel making
. . . N & concasting
speed and wind direction LD R el
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Source characterisation with bivariate polar plots

Example at Scunthorpe Town
Steelworks to the east

Just considering concentration by
wind direction only tells us about the
direction of major sources

Considering the joint wind speed-
direction variation says much more
about the nature of the emission
sources
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New developments with bivariate polar plots |R

Consider intervals of concentration probatity 1 probasity
and look at the probability of finding o0 " Goke ovens [ -
such concentrations for specific wind 06 I 025
speed-directions 9 |
0.15
0.3
Can ‘scan’ full range of concentration 02 01
. 0.05
intervals - .
. . West Burto’rll S0 50
Sources tend to occupy distinct
- ] CPF (2.7 to 11) CPF (21 to 29)
ranges in concentration (a) (b)
Can reveal many otherwise ‘hidden’ probasity Srobabity
sources oe
: 1 0.2 0.15
--.Coke ovens [2]
/ ' . 0.15
, | ‘ : 0.1
J 4 0.1
- 0.05
- / 0.05
0 - Sinter pfant 0
SO, SO,
CPF (37 to 48) CPF (58 to 194)

(c) ()
Uria-Tellaetxe, I. and D. C. Carslaw (2014). Source
identification using a conditional bivariate probability

function. Environmental Modelling & Software, Vol. 59, 1-9.
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Polar plots — the movie!

When scanning concentration
intervals — can convert to an animation

Makes it easier to see source
signatures ‘emerge’ and then
‘disappear’
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Regional impacts and data analysis [ = 4

Many techniques such as polar plots are most informative at the local scale
At the regional scale back trajectories can be very useful

NOAA make available a global model called Hysplit that can generate back
trajectories

openair makes available pre-calculated 96-hour back trajectories at specified
locations, run every 3-hours of each year

Can be used in many different ways to inform air quality data analysis

© Ricardo-AEA Ltd
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Regional impacts and data analysis

o Easy to import data

traj <- importTraj(site = "london", year = 2010)

trajLevel(traj, statistic = "frequency")

* And show trajectory frequencies...

% trajectories

2510 100

o Many different map projections
available and can be used anywhere
in the World

o All EMEP sites in Europe available
soon (contributed by the University of
Edinburgh, Chris Malley)

10to 25

5t0 10

1105

Oto1
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Regional impacts and data analysis [ = 4

Straightforward to Ilnk baCk trajPlot (selectByDate(traj, start = "15/4/2010", end = "21/4/2010"),
trajectories to pollutant pollutant = "pni0", col = "jet", lwd =2)
concentrations PMyq
Useful for analysing specific “ \17’5/,/:, A
pollution episodes in detalil «4540 /IR
i // :‘:70/ /35 V'~ \/’ £% 4 60
Having access to more data e.g. 2 XN % AT
sulphate/nitrate — or PM 65 i /? 05 2
composition data in general can be )z o .gtain ! SRS -
y s \\ //—‘ ,/ /\’\\ // “' ,/ “ | : ‘\
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Regional impacts and data analysis [ = 4

o Can estimate source emission locations

» Plot is the estimated important source regions for PM, - at the North Kensington site

trajLevel (subset(traj,lon > -20 & lon < 20 & lat > 45 & lat < 60),
pollutant = "pm2.5", statistic="cwt", col = "increment",
border = "white")
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Origin of highest PM,, concentrations at Narberth (2014)

Associate back trajectories
with concentration

Lots of trajectories over
many different paths can
give indication of most
important source origins
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Where does the air come from?

Models are available such
as Hysplit (from NOAA) that

allow back trajectories to be
calculated

Openair has for a long time
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Future directions

Make much more data available

Better integration with European measurements +
Interest from the US EPA

Better web integration

Plotting on maps more effectively

Removing the influence of meteorology

Understanding air pollution would be much easier if
we had the same weather every day!

Pervasive sensors will become increasingly important
What new analysis opportunities will these bring?

Measurements ‘on the move’ e.g. personal exposure
Going beyond plotting colours on a map

Training courses

Ricardo Energy & Environment in Confidence

source

OPEN

o)

© Ricardo-AEA Ltd

20



IS |
505 2 plotting
Thank you for your 22 S Y case series
several ~ data \begln{flgure} another

example, Mean

fiame  ysed concentrationSman:
wind plottwmz;’?.?s?éi?p

see

He ata

(De
C$
OD

Word cloud of the openair manual,

>
(4]
O
)
8
generated in R of course...! ©

function

ar o @ \end{figure}
8‘ \item
£ shownZ
two
false>>=

marylebone possible

option\ozone
NOW ¢pn

; file example
<<eval

concentration \no

many
import site \openair "
Imp?ormatw’:"‘y poIIutant xﬁ: htrend

information makevariable §

available consider col 8 S
packageapproach ~ mucho
trajectories

ew

\sotwo

Ricardo Energy & Environment in Confidence © Ricardo-AEA Ltd 21



David Carslaw

david.carslaw@ricardo.com




