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Abst ract

In the UK, indicators will be central to future nmonitoring and reporting on
progress towards sustainable devel opnent. The first pilot set of sustainable
devel opnent indicators for the UK was published in 1996 and the next set is due
to be published this autumm. The indicators will be strongly tied into the
framewor k and obj ectives of the UK Sustai nabl e Devel opnent Strategy, published
in May 1999.

The full set of 150 indicators covers a wi de range of econonic, social and
environnental issues. The UK has also identified 14 ‘headline’ indicators to

gi ve an overview, and to inform policy decisions and hel p peopl e understand what
sust ai nabl e devel opnment neans.

For air quality, research has been carried out to aggregate the |arge vol une of
data available for individual sites in the UK to provide meani ngful indicators
at the national scale. This paper discusses research carried out in the UKto
provi de a nethodol ogy for presenting indicators of air pollution concentrations
for individual air pollutants and for a ‘headline indicator of overall air
quality.

1 Prepared by Dorothy Sal at hi el
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l. The UK Sust ai nabl e Devel oprment Strat egy

1. ‘ Sust ai nabl e devel opnent’ is a phrase that has beconme widely used in

recent years, particularly during and since the Earth Sunmit in R o de Janeiro
in 1992. Following Rio, the UK was one of the first countries in the world to
prepare a national Sustainable Devel opnent Strategy!, published in 1994, and a
pil ot set of Sustainable Devel opment |ndicators? published in 1996. A revised UK
Sust ai nabl e Devel opnent Strategy® was published in May 1999. In the strategy the
UK Government identifies 150 sustainabl e devel opnent indicators, which will be
central to future nonitoring and reporting on progress. A conpanion bookl et?
lists these indicators together with the key objectives fromthe Strategy to
which they relate. A report presenting and anal ysing the indicators will be
published in autum 1999.

2. The UK Government’s view of sustainabl e devel opment is based on four
obj ecti ves:

soci al progress which recogni ses the needs of everyone

ef fective protection of the environnent

prudent use of natural resources

nmai nt enance of high and stable [ evels of econom c growh and enpl oynent
In short, it is about ensuring a better quality of life for everyone, now
and for generations to cone.

1. I ndi cat ors of sustainabl e devel oprent

3. I ndi cat ors of sustainabl e devel opment are not just summary or descriptive
statistics. They need to be strongly lIinked to sustainable devel opnent
obj ectives and actions required to achieve those objectives. Furthernore
the indicators need to be devel oped to communi cate with and encourage
actors, who can have an effect, and to nonitor actions. |ndicators nust
t herefore be neaningful to and resonant with their intended audi ence.

4, The UK core set of sustainable devel opnent indicators is intended

to describe, overall, whether we are achieving sustainabl e devel opnent

to highlight key national-scale policy initiatives relevant to sustainable
devel opnent and to nonitor whether we are neeting key targets and
conmitnents in those areas

to educate the public about what sustai nabl e devel opment neans

to raise public and busi ness awareness of particular actions which they
need to take in order to achieve nore sustainabl e devel opnment

to report progress to international audiences, as well as citizens of the
UK

Il1l. Headline indicators

5. The Governnent consulted widely in devel opi ng the national Strategy, and
during the consultation it proposed that, alongside the nore detailed set of

i ndi cators which woul d be needed to neasure progress at a national scale, a mnmuch
nore limted set of “headline” indicators should be devel oped. These would hel p
to informpolicy decisions, and woul d hel p peopl e to understand what sustainable
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devel opnent neans. They woul d al so hel p busi nesses and individuals to
understand how their own actions m ght contribute towards nore sustai nabl e
devel opnent. A set of 14 headline indicators for the UK has been devel oped
covering the follow ng issues:

economni ¢ — econom ¢ output; investnent; enploynent

soci al — education; health; housing; crine

environnent — clinmate change; air pollution; transport; water quality;
wildlife; land use

resources - waste

Future plans include devel oping better indicators of resource use and adding
headl i ne indicators on poverty and | andscape.

V. Fr anewor k

6. A framewor k* has been devel oped, based on the four main objectives given
above, for the Strategy and the indicators. Key indicators have been identified
bui | di ng on work done by 6 advisory groups of experts in the UK to devel op

i ndicators for various environmental nedia, and on work by UNCSD, OECD, EEA
Eurostat and other countries. Each indicator is |linked to an objective within
the strategy. Coverage of indicators within the framework is as foll ows:

assessing overall progress and priorities - the headline indicators;

sending the right signals - indicators on the nmechani snms by which
sust ai nabl e devel opnent can be put into practice wthin governnent,

t hrough policy instruments |ike taxes and regul ation, through information
and canpai gns to change peopl e’ s behavi our

sust ai nabl e econony - covering efficient use of resources; economc
stability and conpetitiveness; education and skills of the popul ation
enpl oyment and equal opportunities; ethical trading; action by producers
and consuners in priority areas (the home, honme appliances, food and
drink, personal transport, tourismand |eisure);

bui | di ng sustai nable conmunities - local economic vitality and equity
bet ween conmunities in the UK, health; access to services, culture and
sport; housing; planning and design; |ocal environmental quality; crine;
institutional arrangenents and partici pation

managi ng the environnment and resources - indicators covering persistent
pol lutants; climate change and energy; air quality; fresh water; seas
oceans and coasts; soil; landscape and wildlife; forests; mnerals

extraction and use;

i nternational co-operation and devel opnent - mneasures of gl obal popul ation
and gl obal poverty; aid to devel oping countries; inplenentation of

i nternational agreenents; conparison of UK resource consunption with that
of other countries.
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7. Many indicators are relevant to nore than one theme, but they have been
allocated to what is felt to be the nost relevant. This is not the traditiona
approach to an indicator framework and [eads to indicators, for exanple on
energy and transport, being scattered over different themes, but it does help to
facilitate a nore integrated assessnent of the economic, social and

envi ronnent al aspects of sustainabl e devel opnent.

8. For some indicators data are avail able and presentation is
straightforward. For others there are problens with data availability. For air
quality, nmany data are avail able but the best way to aggregate themto provide a
nmeani ngf ul i ndi cator needed to be devel oped. The rest of this paper discusses
research carried out in the UK to provide a nethodol ogy for presenting

i ndi cators of air pollution concentrations.

V. I ndicators of air pollution: Methodol ogi cal devel opnents

9. The air quality indicators presented in the first ‘Indicators of
Sust ai nabl e Devel opment’ report?were in terns of trends in concentrations of
ozone, nitrogen dioxide and particulate matter at selected sites in the UK The
trends were in hours of ‘accunul ated exposures over a threshold X, where X was
the pollutant concentration |evel that was considered to be poor. Wil st
presenting information in this way highlighted peak trends in pollutant
concentrations, underlying trends were not shown and so there was no genera

feel about whether air quality was inproving. It was recognised at the tine
that presenting site specific infornmation was not ideal and further work shoul d
be carried out to devel op appropriate aggregated indicators. The difficulty was
to find a valid nethod of conmbining information froma wi de nunber of sites, in
order to get sone idea of what is happening at a national |evel, wthout
obscuring too nuch the variability between sites.

10. The Departnent of the Environnent, Transport and the Regions (DETR) in the
UK contracted W5 Atkins Environnent to produce ideas and a range of suggestions
for presenting aggregate national indicators by conbining data froma | arge
nunber of sites to generate overall trends. Indicators produced by aggregating
data across sites are nore reliable, conprehensive and informative than site
specific indicators for assessing overall status and trends in pollution
Aggregating data in a rigorous manner to produce representative indicators
however presents significant difficulties, particularly with a linmted
historical dataset. A review of air quality indicators devel oped by ot her
countries and international organisations concluded few countries have produced
aggregate statistics and that no of f-the-shelf solution was appropriate for the
UK situation. The nethodol ogy adopted is therefore original, but broadly based
upon an approach that had been devel oped by the contractors for the OECD.

VI . Sel ection of data

11. The net hodol ogy devel oped® uses prinmary statistics (for exanple averages
and percentiles) fromnonitoring data aggregated over sites to denonstrate
status and trends in pollution level, rather than exceedences above a threshold
or surrogate neasurements. The indicators do not therefore determ ne popul ation
exposure to air pollution, but do illustrate the range of nonitored
concentrations in urban and rural areas. Primary statistics are reconmended
because they are: nost closely derived fromthe original nonitoring
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concentration data; independent of the threshold selected; nore transparent; and
probably nore readily interpreted by the public and non experts. |Indicators
have been el aborated for pollutants for which there are UK National Air Quality
Standards and include trends in both annual average and short-term peak
concentrations representative of chronic and acute health effects of air
pollution (see Table 1).

Table 1 - Summary of Proposed bjectives

Pol | ut ant St andard hj ective — to be
concentration achi eved by 2005
nmeasured as

Benzene 5 ppb runni ng annual 5 ppb

nmean

1, 3- But adi ene 1 ppb runni ng annual 1 ppb

nmean

Car bon nonoxi de 10 ppm runni ng 8- hour 10 ppm

nmean

Lead 0.5 ug/ nt annual mean 0.5 ug/ nt

Ni trogen 150 ppb 1 hour nean 150 ppb, hourly nean

di oxi de
21 ppb annual nean 21 ppb, annual nean

Qzone 50 ppb runni ng 8- hour 50 ppb neasured as the

nean 97th percentile

Fine particles 50 pg/n? runni ng 24- hour 50 pg/ n? neasured as the

( PMy) nean 99t h percentile

Sul phur di oxi de 100 ppb 15 minute nean 100 ppb neasured as the

99.9th percentile

Source: The United Kingdom National Air Quality Strategy, 1997, DETR (revised
draft strategy currently out for consultation)

VI1. Robustness tests

12. Only reliable, quality controlled data have been used. It is not possible
to use a statistically representative sanpl e because of the limted nunber of
sites for earlier years, missing data and lack of a long termseries at sone
sites. The available data were therefore conbined fromdifferent [ocations
within site classes (urban, rural etc) and a series of tests of robustness were
performed to establish the effects of including or excluding sites and conbini ng
themin different ways. The ai mwas to assess whether there was a case for
excluding certain sites. There were three principal reasons for which data

m ght be excl uded:

i nadequate data capture in a specified year

a di scontinuous data record, the site being unable to contribute data to
t he aggregate indicator in every year

unrepresentative trends, the site trend being inconsistent with that
observed at other sites.

13. The net hod used was to carry out sensitivity tests by charting different
assunptions. For exanple, to test the effect of discontinuous data records,
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aggregate trends fromsites which had data for all years were conpared to those
whi ch had data in fewer years. The trendlines were analysed to see the

di fference that non-continuous data sets may make to the overall trend. Figure
1 shows the effect of discontinuity for 1-hour naxi mum PMLO concentrations. The
assessnments denonstrated that the effect upon the observed trend, or annua
variation, of including sites which are unable to contribute data in every year
to an aggregate indicator was ninimal

Figure 1. Effect of discontinuity in the data for 1-hour maxi mrum PMg
concentrations
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14. To test for consistency in trends, sites with statistically significant
trends were exam ned. Figure 2 shows those for annual mnean urban nitrogen
di oxi de concentrations.

15. The exami nation of site specific trends showed that in nost circunstances
nonitoring sites in simlar locations (urban or rural) in different physica
areas generally observe simlar pollution trends. This conclusion neans that in
generating an appropriate aggregate indicator the aggregate trend is generally
fairly consistent with that observed at nobst individual sites. An aggregate

i ndi cator does not need to, and will not in nobst circunstances, denonstrate the
same trend as every site fromwhich it is conpiled. This is not inportant since
the objective of the indicator is to produce an overall assessnent.

16. In general, it was found that the results did not differ greatly between
options. As a result of these tests, indicators have been produced on the
fol |l owi ng basi s:
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for a site to be included in a particular year, data capture should be at
| east 50 per cent

all sites neeting the above criteria should be included for that year
even though this may lead to different sites being included each year in
t he aggregate indicator

for any year, a mnimumof four sites are required to produce an aggregate
i ndi cat or

data fromdifferent site classes can be aggregated to produce overal
urban and rural trends

no i ndividual site should be excluded on the basis that it has a different
trend from ot hers

Figure 2. Statistically significant annual nean nitrogen di oxi de concentrations
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17. The indicators are presented as sinple line graphs which show the

conposite average and range (mexi nrum and nini mum) of the aggregate
concentrations in each year. These can be readily interpreted by the public and
non- expert decision makers to identify trends, conpare |evels against the

Nati onal Standards and to assess progress towards neeting the 2005 Cbjecti ves.
Exanpl es for selected air pollutants are given in Figure 3.

VI11. Headline indicator of air pollution concentrations
18. Air quality was identified for inclusion in the set of Headline

I ndicators. DETR commi ssioned further research fromWs Atkins to develop a
single overall indicator of air pollution concentrations®.
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19. To produce a single air pollution indicator, neasured concentrations of

different pollutants nust be conbined. This was achi eved by enploying the

DETR s Air Pollution Public Information Systenl to determine the average nunber
of days, at each site, on which the pollution | evel exceeded the National
Standard. The Public Information Systemincludes the five pollutants within the
National Air Quality Strategy® which can cause acute health effects: carbon
nonoxi de, nitrogen di oxi de, ozone, PMg and sul phur dioxide. Pollutants which
cause chronic effects are not included within the Indicator.

Figure 3. Concentrations of Selected Air Pollutants.

Nitrogen Dioxide Urban Peak Levels
National Standard 150 ppb

Nitrogen Dioxide Urban Annual Average Levels
National Standard 21 ppb

450 60
400
- 507
350 3 .
300 40 Ty
20 . 30 ¥
200 %—__| | i " —
150 . ; 207 T
| o |
1 | ! | N
00 | | | i 0l i
50 !
0 + + + + + + + 0 + +
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

[ —= Average Range |

Sulphur Dioxideurban Peak Levels
National Standard 100 ppb

—®— Average """ Range

Sulphur Dioxide Urban Annual Average Levels
WHO Guideline 17ppb

500 35
450
30 o
400 |
350 25
300 . 20
250 ———— ——
157 [ |
00— L | |
150 T [ ’ 10
S I S ! ] T
100 \ - J I J T\ 5 ! | . L . i —
50 i T o
o ) , T 0 + + + + + +
1990 1991 1992 1993 1994 1995 1996 1997 1998
1990 1991 1992 1993 1994 1995 1996 1997 1998

—=— Average - Range

Carbon Monoxide Urban Peak Levels

National Standard 10 ppm

—®— Average " Range

Particle (PM1g) Urban Peak Concentrations
National Standard 50 ug/m3

18 250
16 .
” 200 1 ™
1
12 | 4 -
| 150 '3 | .
10 7 T | | .
| - | — oy | |
8 . | ! 100 ~ | | |
- | e T U——
6 — 1 | - * —
| : . | i i -
4 | 3 50
|
2
0
0 ' ' ' ' ' ' ' 1992 1993 1994 1995 1996 1997 1998
1990 1991 1992 1993 1994 1995 1996 1997 1998

®— Average vt Ranae

™ average """ range



Wor ki ng paper No.9

Page 9
QOzone Urban Peak Levels Ozone Rural Peak Levels
National Standard 50 ppb National Standard 50 ppb
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Peak measurenents are as foll ows:
Ni trogen di oxi de: Maxi mum of 1-hour nean in year
Sul phur dioxide: 99.9'" percentile of 15 minute neans in year.
Car bon Monoxi de:  Maxi num of running 8 hour neans in year
Particul ates (PMy): 99'" percentile of daily maxi mum runni ng 24- hour neans.
Ozone: 97'" percentile of daily maxi mum runni ng 8-hour means.
20. The Standard Threshol d was used since this represents the concentration

bel ow which air pollution is unlikely to have any health effects. The I|ndicator

neasures the average nunber of days in each year on which concentrations of any

pol | utant were above the Standard. This is consistent with the approach used in
the UK Public Information Systemand is readily understood.

21. To ensure the Indicator is robust and representative, only ratified data
fromthe National Autonated Monitoring Network was enpl oyed. A data inclusion
criterion was al so devel oped to determ ne which sites should contribute to the
data-set. This criterion sought to include within the Indicator a |arge nunber
of sites, with a wi de rangi ng geographical distribution and classification. It
al so sought to include only sites which produced reliable data and recorded a
representati ve nunmber of days on which pollution was above the Standard. The
data inclusion criterion adopted is a conproni se between these conflicting
requirenents. It is not possible to use a statistically representative sanple
because of the limted nunber of sites for earlier years, missing data and the
lack of a long-termseries at sone sites.

22. It is highly desirable that sites contributing data to the |ndicator
neasure all five pollutants. A linited range of pollutants are nonitored at
nost rural, renote, suburban and hotspot sites (those in industrial areas or

adj acent to roads). A data inclusion criterion requiring neasurenents for al
five pollutants would therefore unacceptably limt the range of sites available
to contribute data to the Indicator. Extensive analysis was undertaken to
determ ne which pollutants it was essential to nonitor to record a
representative nunber of polluted days.

23. Anal ysi s was undertaken to deternmine the difference that nmeasuring
particular pollutants made to the average nunber of exceedences of the nationa
standard at urban sites. Figure 4 illustrates the inpact of nonitoring
different data inclusion criteria: all five pollutants conpared with at | east
PMy,, ozone, sul phur dioxide, nitrogen dioxide. The figure illustrates the

i ncrease in the nunber of recorded exceedences after 1992 when PMg nonitoring
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conmenced. This suggested that for a representative nunber of exceedences to be
recorded in an urban areas the site nust nonitor PMy as a m ni mum

24. Foll owi ng further analysis, the criteria adopted was that rural and renote
sites should nmonitor at | east ozone; urban and suburban sites nust nonitor PMy,
ozone and sul phur di oxi de; and kerbsi de and roadsi de sites nust nonitor PMy.

25. Furt her anal ysis denonstrated that any site which nonitored each of these
pollutants for nore than 50 per cent of the year would identify a representative
nunber of days on which the pollution |evel was above the Standard. Since 1996,
t he nunber of nonitoring sites has increased substantially. The data capture
achi eved by sites was also generally rmuch better than 50 per cent. From 1998
onwards, it is proposed a 75 per cent data capture (consistent with the rate
enployed in other DETR air quality assessnments) is utilised. This will produce
a nore robust neasure.

Figure 4. Inpact upon the average nunber of days of noderate or worse pollution
recorded at urban sites nonitoring different pollutants
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26. Figure 5 illustrates the observed trend in air pollution |levels enploying
t he net hodol ogy devised for the air quality headline indicator. This
illustrates the average nunber of days in each year on which the pollution |evel
was above the Standard. It denonstrates that in urban areas the average nunber
of days above the Standard have declined from62 in 1993 to 40 days in 1997,
this trend is statistically significant. The inprovenment has nainly been caused
by a reduction in days of sul phur dioxide pollution. |In rural areas there has
been no significant change in pollution levels. The nunber of days of pollution
above the Standard has varied wi dely between years and overall rural pollution
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| evel s have renmai ned unchanged over the period analysed. |n 1997, on average
t hroughout the UK, there were 40 days on which pollution |levels were above the
Standard in both urban and rural areas, the type of pollution in each area is,
however, very different

27. The UK National Air Quality Strategy established bjectives for individua
pollutants to be achieved by 2005. These allow a snall nunber of exceedences of
the Standard for ozone, PMy and sul phur dioxide. It is not possible to relate
the bjective for individual pollutants to a pernissible nunber of days on which
pollution |evels are above the Standard and propose a target for the |Indicator
The present Strategy however pernmits a snall nunber of days on which pollution

| evel s are above the Standard by 2005.

28. The EU i s devel oping a set of headline environnental indicators. A
simlar indicator to the UK air quality headline indicator is a strong candi date
for inclusion and is being devel oped by the EEA s Environnmental Topic Centre.

Figure 5. Air quality headline indicator: Days when air pollution is noderate
or high
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