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The openair Project newsletter Issue 4, January 2010

News from the openair project
Welcome to the forth edition of the openair newsletter.
This issue focuses on some of the new and enhanced
functions in openair.

We have had a lot of interest from a wide range
of organisations including universities, consultancies,
local authorities and the Environment Agency. It is
clear to us that many people already use openair and
this interaction has given us some valuable feedback
and ideas for future developments.

We look forward to continuing to receive your com-
ments and suggestions regarding both the newsletter
and openair in general. If you have suggestions for
what you would like to see covered in future newslet-

ters then please do not hesitate to contact us.
Many of you will be aware I moved to King’s Col-

lege London Environmental Research Group at the
beginning of the year. This move does not affect the
openair project and Karl and I will continue as plan-
ned.

We are turning our minds to developing a course
for openair. We have our own ideas of what should
be in such a course, but we would like to hear from
users topics they would particularly like covered— so
please email us.

mailto:david.carslaw@kcl.ac.uk
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What’s New: The openair update
We have made good progress updating some of the
openair functions, fixing some bugs reported (thanks!)
and sorting out a better infrastructure for the pro-
ject. The website remains the central, most up to
date source of information concerning the project
(http://www.openair-project.org).

Version 0.2 of openair
A new version of the openair is available. The main
changes since the October 2009 version are listed be-
low.

• New calendar.plot function to show daily in-
formation for different variables (see below for
more details).

• Removed the functions daily.mean and
hourly.mean and replaced them with a much
more flexible time.average. The time.average

function is described in detail below.

• There is a new conditioning variable “mon-
thyear”. This splits the data by year and month.
It differs from “month” in that a level is defi-
ned for each month of the data set (rather than
a maximum of 12). This is useful sometimes
to show an ordered sequence of months if the
data set starts half way through a year; rather
than starting in January. For example, for a da-
taset 20 months long a wind rose with type =

“monthyear” will produce 20 wind roses.

• polar.plot now has an “uncertainty” option to
estimate the 95% confidence intervals in the fit-
ted surface. This option takes account of measu-
rement frequency and can help show whether
features shown on the plots are real.

• polar.plot now has better scaling, with units
shown. This change should make interpretation
somewhat easier than before.

• Added key.columns option to time.variation to
help in cases with many pollutants/conditio-
ning variables. This option controls the number
of columns used to display the key.

• summarise has been partly re-written to improve
speed — it is now about 30% faster. This change
will also make it easier to implement parallel
processing, which is a future aim.

• updated open.colours for better “heat” scale.

• openair namespace introduced. This is a
“behind-the-scenes” change to improve the inte-
gration of R and openair. R memory structures
and the openair move to namespaces are descri-
bed in further detail below

• Other mostly minor bug fixes.

We have also now ensured that when there is a
new version of openair, the version number in the
package also changes. Before, all versions were 0.1
regardless of any changes. This will make it easier to
archive different versions. For example, the zip file
will have a name openair_0.2.zip.

To install the new version, open a fresh session
of R, choose Packages|Install package(s) from local zip
files . . . . Load openair in the normal way — either
type library(openair) or using the Packages menu and
choose Load package . . . .

The package can be downloaded from the openair
website (http://www.openair-project.org)

Improved openair documentation
of functions

As many of you will know, we have adopted a repro-
ducible approach to document production by mixing
R code with text using LATEX. This means that all func-
tions shown in the documentation run exactly as inten-
ded because they a run during the document produc-
tion process. This is proving to be an extremely useful
approach because it dramatically reduces errors that
can creep in when trying to show how the functions
work.

However, one area that was open to problems was
the description of all the options that go with a parti-
cular function: there were two versions — that which
is part of the pdf documentation and that which is
part of the openair package itself. It was proving hard
(and time consuming) to keep both up to date and
properly formatted.

The new approach uses only the openair package
descriptions and includes them in the full documen-
tation. When the document is produced, code parses
the R description files and modifies them for use in
the pdf documentation. This means that the options
described in the main documentation and openair pa-
ckage now match. Users can therefore choose their
preferred way of reading about the openair functions.

openair
an R package for air pollution data analysis
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Uncertainty in polar.plot surfaces

Polar plots have proved to useful and popular and
they continue to be developed. When this work was
first published, an attempt was made to estimate the
uncertainty in the surface concentrations using sta-
tistical resampling techniques (Carslaw et al., 2006).
The principal reason for doing so was to understand
and characterise the effect of sample size on the sur-
face calculation. For example, at higher wind speeds,
where there is often an interesting feature, there are
inevitably fewer periodswith those conditions. Conse-
quently, there is greater uncertainty in the calculation
of the surface for those points. The polar.plot func-
tion now has an option uncertainty. When set to TRUE

three plots are shown giving the estimates 95% confi-
dence intervals in the surface results from the sample
size.

Understanding the effect of sample size is impor-
tant and there are several ways in which this issue
can be tackled. First, it is possible to avoid smoothing
altogether and use polar.freq. The problem with this
approach is that it is difficult to know how best to
bin wind speed and direction: the choice of interval
tends to be arbitrary. Second, the effect of setting
a minimum number of measurements in each wind
speed-direction bin can be examined through min.bin.
It is possible that a single point at high wind speed
conditions can strongly affect the surface prediction.
Therefore, setting min.bin = 3, for example, will re-
move all wind speed-direction bins with fewer than
3 measurements before fitting the surface. This is a
useful strategy for testing how sensitive the plotted
surface is to the number of measurements available.
While this is a useful strategy to get a feel for how the
surface changes with different min.bin settings, it is
still difficult to know howmany points should be used
as a minimum. Third, consider setting uncertainty =

TRUE. This option will show the predicted surface toge-
ther with upper and lower 95% confidence intervals,
which take account of the frequency of measurements.
The uncertainty approach ought to be the most robust
and removes any arbitrary setting of other options.
There is a close relationship between the amount of
smoothing an the uncertainty: more smoothing will
tend to reveal less detail and lower uncertainties in
the fitted surface and vice-versa.

The uncertainties in the surface can be calcula-
ted by setting the option uncertainty = TRUE. Here
we show the example of SO2 concentrations (Figure 1).
In general the uncertainties are higher at high wind
speeds i.e. at the “fringes” of a plot where there are
fewer data. However, the magnitude depends on both
the frequency and magnitude of the concentration
close to the points of interest. The pattern of uncer-
tainty is not always obvious and it can differ markedly

for different pollutants.
polar.plot(mydata, pollutant = "so2", uncertainty = TRUE)
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Figure 1: Bivariate polar plot of SO2 concentrations
at Marylebone Road. Three surfaces are shown: the
central prediction (middle) and the lower and upper
95% estimated uncertainties. These plots help to show
that in this particular case, some of the concentrations
for strong easterly and south-easterly winds are rather
uncertain. However, the central feature to the east
remains, suggesting this feature is “real” and not an
artifact of there being too few data.

By contrast, consider the uncertainty in PM10
concentrations:

polar.plot(mydata, pollutant = "pm10", uncertainty = TRUE)
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Figure 2: Bivariate polar plot of PM10 concentrations
at Marylebone Road. Three surfaces are shown: the
central prediction (middle) and the lower and upper
95% estimated uncertainties. This plot contrasts with
that for SO2; showing a different uncertainty pattern
and highlighting both the pollutant and meteorologi-
cal dependency of surface predictions.
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The openair namespace

This section provides some technical background to
the package development — for those interested in
such matters. R is a very complex working environ-
ment. It is at heart a programming language within
in you can very quickly write and run your own code.
However, alongside that it also contains a repository
of additional useful code that are distributed and ac-
cessed as packages. Some of these packages come as
part of the base installation of R and are automatically
loaded when you run R.

You can load other packages for use using com-
mands such as library() or require(). If the package
you load, in turn, uses other packages and it identifies
them as code it needs to work (dependents), R will try
to load them as well as the package you requested.

This is why, for example, openair loads several
other packages when you load it.

The main reason R does not automatically load all
available libraries when you run it, is that you pro-
bably do not want to use all of them and, as they all
have to be loaded into memory, loading packages you
never use just slows R down. However, there is also
another reason to do with the way in which memory
is structured in R. Each package is loaded discretely
into memory. As a default R loads packages into me-
mory behind the memory area that R allocates for you
to work in but in front of all other previously loaded
packages.

If you run R and type search(), it will list the me-
mory areas in order. All of the base installation pa-
ckages are identified, but top of the list it ‘.GlobalEnv’,
R’s name for the bit of memory you work in.

When you call a function or identify a dataset, R
looks for it first in the memory area where the call was
made. Then, if does not find what it needs there, it
looks in order through other memory areas after that
point until it finds something that matches the call.
This has two consequences:

1. If two packages include functions of the same
name, R will by default run the first one it finds.
You cannot use the other function of the same
name unless you specifically call it. This is the
masking effect that you may have seen mentio-
ned in the report when you load openair.

2. If one function calls another function, that se-
cond function can only be accessed if it is in the
same memory area as the first function or in a
memory area after that.

This means a package like openair can be sensitive
to both the order in which dependents are loaded and
other packages that are loaded after it.

When openair was first put together, these were
not issues. The, then, small number of people using
openair all worked in a very similar fashion, and the
package was configured for these working practices.
However, now a lot more people are using openair,
and some of those people are using openair inwayswe
had not envisioned. So, openair is undergoing some
‘behind-the-scenes’ changes to support thismuch broa-
der range of working practices.

We are doing this using a method based on na-
mespaces. It is very nerdy, but basically namespacing
allows us to create a local memory structure for ope-
nair. This means when you call an openair function
and it, in turn, calls a function from another package
it knows exactly where to look for it.

This is an on-going process, which we are intro-
ducing as part of the upgrade to openair version 0.2
and one we will continue optimising in subsequent
upgrades.

Although the process has been implemented to
address a problem encountered by a very small num-
ber of openair users, it should be of benefit to all of us
because it will make openair very stable and possibly
even a little quicker.

For those few of you that have encountered installa-
tion problems another benefit is that the newapproach
allows us to incorporate some much more rigorous er-
ror testing and capture methods into the openair load
up procedure. Alongside this process, we are also
working on making the associated error reporting a
little more friendly.

Those of you that use openair dependents directly
should be aware of one side effect of the restructu-
ring. Packages that openair imports as namespaces
are not available directly from outside openair. We
still load several packages (proto, grid, plyr, reshape,
splines, survival, Hmisc, lattice and RColorBrewer)
to memory behind openair, but all other dependents
are now imported to openair as namespaces. This
means that if you use ggplot2 to draw nice graphs
or mgcv to model data you will need to load these
specifically. You will need to load them directly using
either library(“package”) or require(“package”).

We have worked very hard to make this transition
as smooth as possible. We do not think we have mis-
sed anything. However, if we have we would like to
get it fixed as fast as possible. So, please let us know
if anything that used to work, stops working.

mailto:k.ropkins@its.leeds.ac.uk

openair
an R package for air pollution data analysis
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The calendar.plot function
Sometimes it is very useful to visualise data in a fa-
miliar way. Calendars are the obvious way to re-
present data on the time scale of days or months. The
calendar.plot function provides an effective way to
visualise data in this way— rapidly. This function is at
its early phases of development and will be developed
further in due course.

The function is called in the usual way. As a mi-
nimum, a data frame, pollutant and year is required.
So to show O3 concentrations for each day in 2003
(Figure 1):

calendar.plot(mydata, pollutant = "o3", year = 2003)
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Figure 1: calendar.plot for O3 concentrations in
2003.

It is sometimes useful to annotate the plots with
other information. Currently, it is only possible to
show the daily mean wind angle, which can also be
scaled to wind speed. The idea here being to provide

some information on meteorological conditions on
each day. In time, we would like to integrate other
information and this is something that will be develo-
ped.

To show wind angle, scaled to wind speed (Fi-
gure 2):
calendar.plot(mydata, pollutant = "o3", year = 2003, annotate = "ws")
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Figure 2: calendar.plot for O3 concentrations in 2003
with annotations showing wind angle scaled to wind
speed i.e. the longer the arrow, the higher the wind
speed. It shows for example highO3 concentrations on
the 17 and 18th of April were associated with strong
north-easterly winds.

Note again that select.by.date can be useful. For
example, to plot select months:
calendar.plot(select.by.date(mydata, year = 2003,

month = c("jun", "jul", "aug")),
pollutant = "o3", year = 2003)

The time.average function
openair had two functions for calculating daily
and hourly means for data frames (daily.mean and

hourly.mean). The principal purpose of these func-
tions was to deal properly with the averaging of wind

openair
an R package for air pollution data analysis




