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Executive Summary

In Richmond, concentrations of RMbreach the National Environmental Standards (NBISPM, o of
50 ugnt (24-hour average) regularly each year during tbattrs May to August. The Pjistandard,
which allows for one breach per year, must be met(di3.

The objectives of this study are to:
e assess the long term trend in Bdir quality monitoring data for Richmond

« identify the meteorological conditions in Richmotiht are likely to lead to high pollution
events and

e provide a tool (excel spreadsheet) that will allbl@C staff to assess future trends in 8M
emissions while taking account of the impact ofatale meteorology.

This information can then compared with the Stralghe Path (SLiP) and the reductions required to
meet the National Environmental Standard (NES)HMi,. The comparison is indicative only as
trends are examined here in a “high pollution stibsghereas changes in the second highest
concentrations are most relevant for SLiP and N&®8ptiance because the standard allows for one
exceedance per year.

Nine years of Ply, data were included in the study which was limitedhe months May to August,
being the only months when exceedences of the Ni¥8 heen recorded. These data were collected
between 2000 and 2009 and a total of 718 days qf Pihitoring data were included. No data were
available for 2001, and 2002 data were limited togést because monitoring only occurred during
this period.

A boosted regression tree (BRT) model was usectterchine the meteorological variables that best
identified high pollution events in Richmond. Usitlte meteorological variables selected by BRT
analysis, normal regression tree analysis was usedyroup the PN, values according to
meteorological conditions. The group of days witie thighest air pollution potential were then
subjected to a trend analysis.

The raw data prior to adjustment for the impaatneteorological conditions suggest some decrease in
PM,q concentrations may have occurred over the dataded&n evaluation of year to year variations
in the prevalence of meteorological conditions agnivke to high pollution and the number of days
that these conditions resulted in breaches of 5enfiglso provided evidence of a decrease inPM
emissions. The proportion of high pollution daysuténg in NES breaches reduced from around 70-
80% from 2000 to 2006 to 45-55% during 2007, 206@ 2009.

The meteorological conditions as determined byBR& that were most conducive to elevated;PM
was a 24-hour average wind speed of less than 8'8amd 4-hour average temperature (8pm to

Assessing long term trends in RMoncentrations in Richmond i
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midnight) of less than 6.8 °C. Over the whole rdc®6% of days, when these conditions occurred,
PMy, concentrations exceeded 50 pg.8imilarly the NES was breached on 89% of daysnathe
same temperature criterion was met and the winddsp@as greater than 3.8 Trisut less than 5.0 ms

! NES breaches also occurred on 39% of days whenvihd speed was less than 5.0’ rhsit the
temperature was greater than 6.8 °C. A fourth pilution classification was identified as days whe
the wind speed was between 5.0 and 7.3 aml the temperature was less than 5.8 °C. NEShesa
occurred on 45% of the days when these meteorabginditions prevailed.

Over the study period 252 days met these fourr@itend the average Rbiconcentration on these
days was 57 pg  Trend analysis of these days indicates a decaam®und 23% in median Pl
concentrations from 2000 to 2009. A further evaaratof the higher PNy concentrations was
conducted with trend analysis on the two highetipon nodes. This included 107 days (15%) when
the wind speed was less than 5.04'r(4-hour average) and the temperature from 8pmitmight
was less than 6.81 °C. Results suggest a highezatexin P} concentrations of around 30-40%.

A method has been developed to normalise (adjusirugown) PM, data recorded in future years
based on the meteorological conditions which redult high pollution events over the years 2000 to
2009. The PN} normalising process will allow the evaluation béttrends in Pl data recorded in
2010 (and beyond) without having to repeat the Bivdelling exercise. A spreadsheet tool has been
developed to allow TDC staff to undertake evaluaid trends in Plp data monitored from 2010
onward.

Assessing long term trends in RMoncentrations in Richmond ii
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1. Introduction

In Richmond, concentrations of Rjvbreach the National Environmental Standards
(NES) for PM,of 50 pgnt (24-hour average) regularly each year during toeths
May to August. The PM standard, which allows for one breach per yeastrna met

by 2013 or Councils are unable to grant resourcsemts for discharges to air in the
airshed. In the interim, concentrations are reguicemeet a straight line path (SLiP)
to compliance with the NES by 2013 or resource ebtss for significant P
discharges are unable to be grahted

The Tasman District Council has adopted a numbermafasures to reduce
concentrations of PN in the Richmond airshed. In April 2004 a ban ondoar
burning was brought in for areas in and around Ramid and Motueka and then in
January 2007 a requirement to remove solid fuatdnsrand open fires not complying
with the NES design criteria for wood burners &t time a house is sold was brought
in within the Richmond airshed.

Based on a starting point for the SLiP of 111 pd, m reduction in total P
concentrations in Richmond of 55% (Wilton, 2005)réxjuired to meet the NES.
Ongoing monitoring of PM concentrations is necessary to track compliance thi
straight line path and to assess the impact of geanant measures adopted by the
Council.

Since the introduction of the NES for R§Mlsome reduction in emissions in Richmond
could be expected as a result of the regulatoryodstidentified above and as a result
of non regulatory replacement of older burners Watlhrer emission NES compliant
burners at the end of their useful life.

Tracking PM, emissions and tracking RBMconcentrations are two methods of
assessing trends in Rpwith time and evaluating compliance with the SLiFhe
latter is the focus of this study. Methods for kiag changes in PA emissions
include conducting air emission inventories anchgidhouse sales information and
building consents data to evaluate changes in hbaaing methods with time.
Methods used for tracking trends in RMoncentrations include identification of
meteorological conditions most conducive to eledat®ncentrations and then
tracking concentrations of Plywithin these groups (Bluett, et. al., 2009).

The objectives of this study are to:

« assess the long term trend in Bdir quality monitoring data for Richmond

! Or may be granted if the new discharge is offgatgluctions in other sources.

Assessing long term trends in RMoncentrations in Richmond 1
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* identify the meteorological conditions in Richmotiit are likely to lead to
high pollution events and

« to provide a tool (excel spreadsheet) that wihallTDC staff to assess future
trends in PM, emissions while taking account of the impact ofialde
meteorology.

2. Methodology

2.1

Monitoring data

Monitoring of PM, in Richmond commenced in 2000 with gravimetric phng
using a high volume sampler installed on a buildingated on Queen Street and
opposite the TDC offices. The sample frequency evasday in two during the winter
months for the year 2000. No monitoring was conellicturing 2001 and the
sampling programme was re-established as a permpregramme in August 2002.
In 2005 an alternative monitoring site was establisat Richmond Central Plunket
(Oxford Street) and for one winter Ritlata were collected at both sites. In August
2005 a beta attenuation monitor (BAM) was establisas the main P)monitoring
method for Richmond and was located at the Plusiket

The data record used for this study was as follows:

2000 — Partisol data collected at the Library agjgisor Plunket site equivalency (see
Appendix A for adjustment details)

2001 — No monitoring data available

2002 — Partisol data collected at the Library agdisor Plunket site equivalency
(August only)

2003 — 2005 - Partisol data collected at the Liypradjusted for Plunket site
equivalency

2006-2009 — BAM data collected at the Plunket sitjusted for gravimetric
equivalency (as provided by TDC staff using thehodtdetailed in Wilton, 2007).

The airport meteorological monitoring site was ug®dhe analysis as it provides the
longest continuous reliable record for this stu@iiie two Tasman District Council
meteorological monitoring sites in Richmond wergéaklshed in 2006. The airport
meteorological monitoring site is located approxieha five kilometres north of

Richmond near State Highway 6. A comparison ofwirad roses for the airport and
two MDC air quality monitoring sites for the monthay to August over the years

Assessing long term trends in RMoncentrations in Richmond 2
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2006 to 2009 is shown in Appendix B. The locatiohthe air quality monitoring sites
and meteorological data site for Richmond are shiovfigure 2-1.

™ Richmond

Figure 2-1: Location of the Library and Plunket PM ;o monitoring sitesin Richmond and the
Nelson Airport meteorological monitoring station in Stoke, Nelson

Only data collected during the months May to Augwste included in the trends
analysis because this is when highest;Pddncentrations are measured and no NES
exceedence has been recorded outside this periottah of 718 days of PM
monitoring data was collected during the months N@yugust over the nine year
period from 2000 to 2009.

2.2. Statistical analysis

To account for year-to-year variation in meteorgl@nd to analyse the long term
trend in PMy concentrations a combination of a boosted regrastiee (BRT)
analysis and normal regression tree analysis wed. BRT (see below) was used to
identify the most important meteorological paramgtexplaining the variation in
PMyq values. Normal regression tree analysis (see Deleas used to group P
values measured under similar meteorological camdittogether.

BRT analysis (Elith et al. 2008) was used to ingese which meteorological
variables best explain the variation in RMalues. BRT analysis is a powerful

Assessing long term trends in R\oncentrations in Richmond 3
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approach for dealing with non-linearities, interaes and modelling of sparse and
noisy data. A BRT model fits a large collection sifnple regression trees using a
boosting algorithm whose predictions are then coetbito provide estimates of the
response. Each term is fitted in a forward stagewimsinner by adding a regression
tree that is fitted taking into account the devard the preceding trees. BRT is
stochastic in nature, with each run differing dligh

Two important parameters contribute to model pentorce during boosting; tree
complexity and learning rate. The number of nodesan individual tree was
controlled by tree complexity. A model with a treemplexity of 1 fits a purely
additive model, i.e. without interaction terms.tms study, a tree complexity of 3
resulted in an optimal performance of the BRT asialyThe learning rate reduces the
influence of each individual tree, e.g., a smadirféng rate leads to the fitting of an
increased number of trees to find the model that menimizes the residual deviance.
Regularisation methods are used to constrain ttiegfiprocedure so that it balances
model fit and predictive performanc€o determine the optimal number of trees for
each model and to assess model performance, catisiated predictive deviances
were minimized. Cross validation assesses modébnpesince by comparing model
predictions to withheld portions of the data; iistbase 12 mutually exclusive subsets
randomly selected, give cross validated estimatesazlel performance in terms of
cross validation correlation. The cross validatesidual deviance gives a measure of
the deviance left unexplained by the model and ¢hess validated correlation
describes the correlation between the fitted vahmesthe raw data withheld for cross
validation.

BRT analysis was performed using a Gaussian limctian. All BRT models were
fitted in R (v2.6.0, www.Rproject.org; (R DevelopmieCore Team, 2004)) using the
‘gbm’ library (Ridgeway, 2004).

The normal regression tree modsfitted using binary recursive partitioning, waby
the data are successively split along coordinaes @f the explanatory variables so
that, at any node, the split which maximally digtiirshes the response variable in the
left and the right branches is selected. Splittogtinues until nodes are pure or the
data are too sparse (fewer than six cases in tilnity)s Each explanatory variable is
assessed in turn, and the variable explaining thatgst amount of the deviance iny is
selected.

Assessing long term trends in RMoncentrations in Richmond 4
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3. Trendsin PM,, concentrations

3.1

Figure 3-1:

Trendsin existing dataset

Summary statistics of P] concentrations measured in Richmond are shown in
Figure 3-1. Data illustrated includes the mediaid@te ranked 24-hour average M
concentration), 25and 7% percentile concentrations (indicated by the edgethe
box), the concentrations within which 96% of theéadie (two standard deviations,
indicated by the whiskers) and extreme values ¢atéd by the circles). Note that
2001 and 2002 are not represented in Figure 3-1h@aBM, data set for those years
is not complete.

140 —
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Distribution of 24-hour average PM 5, concentrationsin Richmond 2000 to 2009

Figure 3.1 shows Pl concentrations may have decreased slightly frof02®
2009. A test of year-to-year differences in Bbr statistical significance was carried
out using a Kruskal-Wallis test. Results of the=sts confirmed that data for the year
2000 was significantly different to data for theay®2007, 2008 and 2009 (p=0.05). A
clearer indication of trends in PMover time will be obtained once year-to-year
variations in meteorology have been allowed for.

Assessing long term trends in RMoncentrations in Richmond 5
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3.2. Identifying and gr ouping dayswith highest PM 4, concentrations
Meteorological data for the period 2000 to 2009enenllated based on the variables
in Table 3-1. A range of meteorological variablesrevconsidered and BRT analysis
was used to determine which variables most acdyrex@lained variations in 24-hour
average PIy) concentrations and which were the greatest inolisatf elevated PM.
Table 3-1: Predictor variablesused for the BRT analysis
Wind Wind
speed Temperature direction
Period PMio (ms™) {®) °N)
24-hour average Midnight to midnight v v v
7-hour average 5 pm to midnight v v
4-hour average 8 pm to midnight v v
6-hour average 6am to midday v
6-hour average preceding day 6pm to midnight v
Minimum 1-hour Midnight to midnight v v
Minimum following day 1-hour Midnight to midnight v
Max sample day less min day Midnight to midnight v
following 1-hour
Maximum 1-hour Midnight to midnight v v
Hourly average Hour ending 5 pm v v v
Hourly average Hour ending 8 pm v v v
No of hours 5 pm to midnight <lms-1 <1°C
<2 ms-1 <5°C
<3ms-1 <lo0°C

BRT analysis showed that 24-hour average wind sp@edthe average temperature
between 8pm and midnight were the meteorologicabbkes that best explained the
variation in PM, concentrations. Around 55% of the variability inMB
concentrations was able to be explained by thesearogical variables.

Using the meteorological variables as determinedBy, a normal regression tree
analysis was performed to group the jgMata according to the meteorological
conditions (Figure 3-2). The boxes at the end ehdaanch of the tree are referred to
as terminal nodes. These include:

« Mean = mean value of Plylconcentrations of the days within that particular
group

* N= number of days within that particular group.

The tree grouped the data into seven terminal nawes of which was designated as
containing the days with the highest pollution pbtd and three others which all

Assessing long term trends in RMoncentrations in Richmond 6
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contained a high proportion of days when jgbncentrations exceeded 50 pg.m
These four nodes are circled in red in Figure 3und 34% of the dataset are
contained within these highest pollution nodes. frfgan value of PM within these
nodes are 86, 65, 49 and ggm° and the average of the four nodes was 57 jig m
The high pollution nodes are defined by the predicariables detailed in Table 3-2.

WS24 < 5.0,
|

Temp < 6.8 WS24 < 7.3

WS24 < 3.8 Temp < 5.8 WS24 < 13.2
46.85 ‘ ’——|

N=067)/7927\ 35.48 30.89 21.53
n=784 n=132 n=201 n=129

Node :

Node ¢

Figure 3-2: Normal regression tree to fit full 24-hour average PM,, data set, where WS24 is
the 24-hour average wind speed and Temp is the 4-hour average temperature
from 8pm to midnight

Table 3-2: Predictor variables which define the high pollution nodes

NODE 1 NODE 2 NODE 3 NODE 4
4-hour Temperature from 8pm to midnight (°C) <6.8 <6.8 <6.8 <5.8
24 hour wind speed (m/s) <3.8 3.8-5.0 <5.0 5.0-7.3
Mean PMio (g m™®) 86 65 47 49
NES Breaches % 96% 89% 38% 45%
Number of days within this node 26 81 67 78

Assessing long term trends in RMoncentrations in Richmond 7
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The PM, dataset for 2005 to 2009 includes 190 days whewerdrations exceeded
50 pugnt. The greatest proportion (38%) of high polluticays occurred within node
2 (mean = 65.09). However, node 1 was really tighdst pollution node as almost all
of the days (96%) when node 1 (mean = 86 [y conditions occurred the NES was
breached. Moreover, the five highest BMoncentrations in Richmond measured
from 2000 to 2001 occurred under node 1 conditigdithough node 2 conditions
resulted in lower average concentrations than rfodenditions, a large proportion
(89%) of node 2 conditions also resulted in NE&bhes.

The four highest pollution nodes from Figure 3.2itain 83% of the high pollution
days (158 in total) as well as 94 days whenfPddncentrations were less than 50 pg
m>.

Breaches of the NES occurred on 45% of the daysxwheteorological conditions
were consistent with node 4 specifications and & ®f the days when they were
consistent with node 3 specifications.

3.3. Trend analysis of dayswith high pollution potential

Trends in 24-hour average RdMconcentrations within the 252 days identified as
having meteorological conditions conducive to eledapollution (nodes 1-4) are
displayed in Figure 3-3. Results suggest a deciieaseth median and upper quartile
PM,, concentrations from 2000 to 2009. The median,Pddncentration decreased
from around 67 pg fhin 2000 to 52 pg min 2009 (23% decrease). In comparison, a
reduction in the upper quartile concentrationsrofiad 34% was also observed. A test
of year-to-year differences in Rpfor statistical significance was carried out usang
Kruskal-Wallis test. The difference in the median the data from the four highest
nodes of 2000 and 2009 is significantly differétie trend observed in nodes 1-4 was
investigated further through trend analysis on bele 1 and 2 data only (highest
PM10 concentrations).

Assessing long term trends in RMoncentrations in Richmond 8
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Figure3-3:  Variations in 24-hour average PMi, concentration for the 252 days when
meteorological conditions were most conducive to elevated PM o (nodes 1, 2, 3
and 4)

Figure 3-4 Figure 3-5shows an even greater decrease in mé&dimconcentrations
within the two highest PM nodes. The median Pdiconcentration decreased from
around 100 pg tin 2000 to 60 pg Min 2009 (40% decrease). In comparison, a
reduction in the upper quartile concentrationsrotiad 35% (115 to 75 pg hwas
also observed. A test of year-to-year difference® My, for statistical significance
was carried out using a Kruskal-Wallis test. Thiéedence in the median for the data
from the two highest nodes of 2000 and 2009 isifsigmtly different.

Assessing long term trends in RMoncentrations in Richmond 9
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Variations in 24-hour average PM10 concentration for the 107 days when

meteor ological conditionswere most conduciveto elevated PM 10 (nodes 1 and 2)

The smaller nodes 1&2 dataset, however, is limftedevaluation of year to year

trends because of the smaller sample size. For@raryear 2000, which is used to
evaluate changes comprises only 9 data points laackfore estimated reductions
contain a high degree of uncertainty. Notwithstagdhis a reduction of around 30-

40% would seem likely based on these data ande@mper quartile reduction from

the 252 data points for nodes 1-4. This trend igairtant as it indicates an overall

decline in the highest PM10 concentrations, whiol most important in terms of

compliance with the NES.

Assessing long term trends in RMoncentrations in Richmond
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Figure 3-5: Year-to-year variation of the percentage of high potential pollution days with
PM 3o concentrations of greater than 50 pgm™ (24-hour aver age).

3.4, Trendsin exceedences of the PM 1o NES

Within the 252 high potential pollution days, th&Sl for PM, (50 ugm®, 24-hour
average) was exceeded at total of 158 times. Fi@dbeshows the year-to-year
variation in the percentage of high pollution daysen the NES was breached. From
2000 — 2006 the proportion of high pollution dalgattresulted in NES breaches was
around 70-80% compared with 45-55% for 2007 to 20089s is a strong indicator
that PM, emissions have decreased in Richmond with the mutsteable decrease
between 2006 and 2007 following the introduction refulations on solid fuel
burners.

4. Normalising PM 1, concentrations

Trends in PM, data recorded in the years 2010 and beyond candleated based on
the results of the BRT described in Section 3.4s Titvolves normalising PM data
from 2010 based on meteorological conditions aasediwith high pollution over the
years 2000 to 2009. As all meteorology has somadtmne of the biggest issues in
establishing a methodology for normalising data determining what constitutes “no
impact”, that is, what concentrations should bewadised to.

The method proposed here is identical to that usédfilton (2007) and Bluett et al
(2009) and aims to minimise the impact of varyingt@orology for high pollution
events. Results are not expected to give an inditaf day to day variability in PM
emissions but may provide some indication of antnealds in emissions.

Assessing long term trends in RMoncentrations in Richmond 11
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To include the majority of the days when 50 pg i exceeded, the method for
minimising the impact of meteorology on concentmasi proposed here has been
based on days when the 24-hour average wind spdedsi than 7.3 miqe.g., nodes
1-5 from Figure 3.2). It is proposed that this gr@lone is used to track changes with
time. The following adjustments to data are recommhed:

Select days which meet the meteorological critéetély average wind speed less than
7.28 m3).

 If the daily average wind speed is >5.03'nasmd the temperature is greater
than 5.78 °C do not adjust RMiata.

+ If daily average wind speed is less than 3.8"nssibtract 36.5 ug thfrom
PM;, value

 If daily average wind speed is less than 5.04" msd greater than 3.8 ths
subtract 15.8 pg thfrom PMy value

« If daily average wind speed is less than 5.04' rasd the temperature is
greater than 6.81 °C subtract 11.4 |igfrom PM, value

« If the daily average wind speed is >5.03'namd the temperature is less than
5.78 °C, subtract 13.8 pgfrom PMy value

Note the following:

* Wind speed refers to the 24-hour average wineggd@gemm midnight to midnight on
the sample day.

* Temperature refers to the 4-hour average tempeyain the sample day between
8pm and midnight.

The PM, normalising process has been coded into a spreatigiol which has been
provided to Tasman District Council. This will alacouncil staff to evaluate trends in
PM;, from 2010.

Assessing long term trends in RMoncentrations in Richmond 12
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5. Conclusions

The objective of this study are to:
» assess the long term trend in BMir quality monitoring data for Richmond

« identify the meteorological conditions in Richmotiit are likely to lead to
high pollution events and

» provide a tool (excel spreadsheet) that will allBlC staff to assess trends in
PM;q emissions while taking account of the impact afatale meteorology.

Concentrations of PM measured in Richmond from 2000 to 2009 were usdtia
assessment. Data were adjusted to ensure equiyateterms of monitoring method
and site location. A total of 718 days of RMhonitoring data was collected over the 9
year period. However, no data were available f@128nd 2002 data were limited to
August measurements.

An evaluation of summary statistics for the whodéadset for each year suggests some
decrease in the annual median. Trends ingRMdncentrations were further examined
in this study by minimising the impact of meteogital conditions on PM
concentrations.

The method used to account for year-to-year vanaiin meteorological conditions
and to analyse the long term trend in fgMoncentrations was a combination of a
boosted regression tree (BRT) analysis and noretgkssion tree analysis. The BRT
was used to identify the most important meteoraalgparameters explaining the
variation in PM, values. Based on these important meteorologicainpeters, normal
regression tree analysis was used to groupoPMlues measured under similar
meteorological conditions together. Meteorologicainditions most conducive to
elevated P\, concentrations were identified as those detarethble 5-1.

Table5-1: Predictor variableswhich define the high pollution nodes
NODE 1 NODE 2 NODE 3 NODE 4
4-hour Temperature from 8pm to midnight (°C) <6.8 <6.8 <6.8 <5.8
24 hour wind speed (m/s) <3.8 3.8-5.0 <5.0 5.0-7.3
Mean PM;o (ug m™®) 86 65 47 49
NES Breaches % 96% 89% 38% 45%
Number of days within this node 26 81 67 78

Assessing long term trends in RMoncentrations in Richmond 13
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Trend analysis was conducted on the group of 292 ddnen these meteorological
conditions were met and on a subset of this grauppeising nodes 1 and 2 (the two
highest pollution nodes). Results suggested a dser@ PM, concentrations over the
period 2000 to 2009 of around 20-30%.

An evaluation of year to year variations in thevatence of meteorological conditions
conducive to high pollution and the number of dthat these conditions resulted in
breaches of 50 ug Palso provided evidence of a decrease inPémissions. The
proportion of high pollution days resulting in NbB&aches reduced from around 70-
80% from 2000 to 2006 to 45-55% during 2007, 204@ 2009.

A method has been developed to normalise (adjusirugown) future P data to
allow TDC staff to evaluate the ongoing effectivenef air plan measures on RM
concentrations.

The overall results of this study suggest that gniBcant decrease in Py
concentrations has occurred in Richmond from 2002009.

Assessing long term trends in RMoncentrations in Richmond 14
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Appendix A: Correlation of Library Roof and Plunket Monitoring site
PM 1 data

Figure Al shows the relationship between ;pPMoncentrations measured at the
Library and Plunket air quality monitoring sites ridg 2005. Based on this
relationship, concentrations of Rfvmeasured at the Library site from 2000 to 2004
were adjusted upwards to be equivalent of the Rlurgite measurements. The
adjustment equation was as follows:

Plunket equivalent = 1.02 x Library Ry 1.5 pg rit

70 -
y=1.02x + 1.5

60 - R2=0.92
50 -

40 -

30 1

Plunket PM;, ug/m3

20 A

10

0 10 20 30 40 50 60 70

Library PMyo pg/m3

Figure Al Relationship between PM o concentrations measured at the Library and Plunket
sites during 2005.
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Quality Monitoring sites

Wind roses generated by Tasman District Council.

HY Nelson at Airport
Wind Direction and Wind Speed
From 1-Jan-2006 to 18-Sep-2009
Month Filter: May-Aug

Velocity > 20.0 km/hr
10.0 < Band 3 <= 20.0 km/hr
5.0 < Band 2 <= 10.0 km/hr

1.0 < Band 1 <= 5.0 km/hr

Calm

0.0 10.0 20.0 30.0
I

Lds

Wind rose for Nelson Airport, May to August, 2006 to 2009

0

Wind roses from Nelson City Airport and MDC Air

15%

10%

Number of data points read 11795

Number of Velocities outside limits 0

Number of Directions <0.0 or >360.0 degrees 0

Number of Data points used 11795

Limits of valid velocities is 0.0 to 150.0 km/hr

Direction Band 1 Band 2 Band 3 Band 4 Total

337.5-224 2.0 4.8 3.1 0.5 105

225-67.4 1.4 1.8 1.9 2.3 7.5

67.5-112.4 2.2 2.5 0.8 0.2 5.8

1125-157.4 3.3 25 0.6 0.2 6.6

157.5-202.4 8.1 7.2 1.4 0.2 16.9

202.5-247.4 8.1 13.3 6.6 6.3 34.2

247.5-292.4 45 4.8 15 0.8 11.6

292.5-337.5 1.8 1.4 0.4 0.0 3.7

Total 31.4 38.3 16.3 10.6 96.7
Calm 3.3

Velocity band ranges:

0.0<calm<=1.0 1.0<Band1<=5.0

5.0<Band 2 <=10.0 10.0 <Band 3<=20.0

20.0<Band 4

Assessing long term trends in R\oncentrations in Richmond

17



HY Richmond Weather at TDC Roof

Wind Direction (10 min) and Wind Speed (10 min)
From 29-Mar-2006 to 1-Jan-2010

Month Filter: May-Aug

Velocity > 20.0 km/hr

10.0 < Band 3 <= 20.0 km/hr

5.0 < Band 2 <= 10.0 km/hr

1.0 < Band 1 <= 5.0 km/hr

Calm

20.0

Taihoro Nukurangi

30.0

FigureB2: Wind rosefor Tasman District Council Roof, May to August, 2006 to 2009

_fN—LWA -

Lo10%

Number of data points read 66814

Number of Velocities outside limits 0

Number of Directions <0.0 or >360.0 degrees 0

Number of Data points used 66814

Limits of valid velocities is 0.0 to 150.0 km/hr

Direction Band 1 Band 2 Band 3 Band 4 Total

337.5-224 25 4.4 15 0.1 8.5

225-67.4 3.6 3.5 2.1 1.1 10.3

67.5-112.4 4.6 2.3 1.1 0.1 8.2

112.5-157.4 5.5 2.4 0.5 0.2 8.6

157.5-202.4 7.3 3.1 0.7 0.1 11.2

202.5-247.4 11.4 12.6 9.0 35 36.5

247.5-292.4 4.9 3.3 1.9 0.7 10.8

292.5-337.5 25 1.2 0.1 0.0 3.8

Total 42.2 329 17.0 5.8 97.9
Caim 2.1

Velocity band ranges:

0.0<calm<=1.0 1.0<Band1<=5.0

5.0<Band 2<=10.0
20.0 < Band 4

10.0<Band 3<=20.0

Assessing long term trends in R\oncentrations in Richmond
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FigureB3:
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HY Richmond Weather at Race Course

Wind Direction (10 min) and Wind Speed (10 min)
From 22-Mar-2006 to 1-Jan-2010

Month Filter: May-Aug

Velocity > 20.0 km/hr

10.0 < Band 3 <= 20.0 km/hr

5.0 < Band 2 <= 10.0 km/hr

1.0 < Band 1 <= 5.0 km/hr

Calm

Wind rosefor Race Course, May to August, 2006 to 2009

10%

Number of data points read 70675
Number of Velocities outside limits 0
Number of Directions <0.0 or >360.0 degrees 0
Number of Data points used 70675
Limits of valid velocities is 0.0 to 150.0 km/hr
Direction Band 1 Band 2 Band 3 Band 4 Total
337.5-224 25 4.1 2.6 0.3 9.5
225-67.4 2.0 2.8 2.3 2.2 9.4
67.5-112.4 1.8 1.4 0.8 0.2 4.2
112.5-157.4 2.6 1.8 0.6 0.2 5.2
157.5-202.4 4.6 4.3 1.0 0.2 10.1
202.5-247.4 7.7 22.0 12.9 5.5 48.1
247.5-292.4 25 3.8 2.1 1.1 9.5
292.5-337.5 15 1.3 0.2 0.0 3.0
Total 25.3 41.4 22.5 9.7 98.9
Caim1.1

Velocity band ranges:
0.0<calm<=1.0
5.0<Band2<=10.0
20.0 < Band 4

1.0<Band1<=5.0
10.0<Band 3<=20.0

Assessing long term trends in R\oncentrations in Richmond
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