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Executive Summary 

Concentrations of PM10 exceed National Environmental Standards for Air Quality (NES) 
in Gore. For PM10 the NES is set at 50 µg m-3 (24-hour average) with one allowable 
exceedence per year. The NES for PM10 is required to be met in Gore by 2016. 

Concentrations of PM10 in Gore have been measured using a BAM since 2006.  In 2011 
this sampler was co-located with a gravimetric high volume sampler to determine the 
relationship between the gravimetric reference method and the BAM. A good correlation 
was observed. However, BAM concentrations were found to under measure relative to 
the reference method by around 28%.  This result is similar to correlation studies of the 
two instruments carried out in Invercargill.   

Previously, based on unadjusted data, PM10 concentrations in Gore had been estimated 

to require reducing around 26% based on the second highest concentration measured in 

2006 of 68 µg m-3.  After adjusting for gravimetric equivalency and updating for more 

recent years of data, the reduction required in PM10 concentrations in Gore is estimated 

at 38%.   

The main source of PM10 in Gore is solid fuel burning for domestic home heating. 
Domestic heating contributes around 96% of the daily winter PM10 with motor vehicles, 
industry and outdoor burning each contributing just over 1% (Wilton, 2011).  

Air shed modelling has been undertaken to determine the area in Gore that most likely 
experiences the highest PM10 concentrations. The modelling shows some agreement 
between modelled and measured concentrations but that the model typically under 
predicts relative to measured concentrations. Highest concentrations are estimated to 
occur around the centre of Gore.   

An evaluation of the effectiveness of various management options, including the effect of 
banning outdoor burning and open fires, burner phase outs, fuel bans and incentives to 
reduce PM10 concentrations are examined in this report.  The results indicate two key 
options to reduce PM10 concentrations to meet the NES.  These include: 

1. A prohibition on the use of coal (e.g., by 2016) and no new installations of multi 
fuel burners installations from an earlier date (e.g., 2014). 

2. Incentives to encourage conversion to clean heat alternatives used in 

combination with a ban on outdoor rubbish burning, a ban on the use of open 

fires, no new installations of multi fuel burners and the phase out of existing 

burners 15 years after installation.   



 

 

Option one shows high probability of meeting the NES by 2016.  The probability of 
option two meeting the NES by 2016 is less likely and will depend on the uptake of an 
incentives programme including the proportion of households replacing burners prior to 
the end of their useful life and the proportion of households moving to non solid fuel 
alternatives.  Additional measures such as increased insulation, community education 
and good wood programmes may improve the feasibility of this option.   
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1 Introduction  

Air quality monitoring for PM10 has been carried out in Gore since 2004.  Concentrations 
measured exceed the National Environmental Standard (NES) of 50 µg m-3 (24-hour 
average) on occasion during the winter months. The NES allows one exceedence of 50 
µg m-3 per year and requires that PM10 be monitored at the site that experiences the 
highest concentrations or has the greatest frequency of concentrations more than 50 µg 
m-3.   Until 2016 Gore is allowed an unlimited number of exceedences of 50 µg m-3.  
From 2016 no more than one exceedence per year is allowed in Gore.  

Previous work undertaken by Environment Southland to manage PM10 concentrations in 
Gore include emissions inventories for 2004 (Wilton, 2005) and 2011 (Wilton, 2011) and 
an evaluation of trends in PM10 concentrations (Wilton, et. al., 2011).  

The purpose of this report is to evaluate the effectiveness of management options to 
reduce PM10 concentrations in Gore to meet the NE and to evaluate spatial variability in 
PM10 concentrations in Gore.  
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2 Air quality monitoring 

Air quality monitoring for PM10 commenced a Gore in 2004. A gravimetric high volume 
sampler was used until 2006 when a Thermo Scientific FH 62 Beta Attenuation Monitor 
(BAM) was installed. The BAM continuously monitors PM10 and is an NES compliant 
monitoring method.  However, the official “reference method” is gravimetric high volume 
sampling and despite being a “compliant” method the BAM has been found to 
underestimate PM10 concentrations relative to gravimetric methods in many locations 
throughout New Zealand.  

2.1 Gravimetric equivalency 

To derive a relationship between the BAM and the gravimetric method, a high volume 

sampler was co-located at the Gore monitoring site with the BAM in May 2011.  A good 

correlation between methods was found (r2 = 0.9) for the 2011 data and the relationship 

is described by the following equation: 

Gravimetric = 1.28BAM + 3.3 

Historically Gore BAM data has not been adjusted for gravimetric equivalency because 

of the absence of a site specific correlation adjustment equation.  Data presented in this 

section of the report have been adjusted for gravimetric equivalency based on the above 

relationship, as have data used to derive the reductions required in PM10 concentrations 

to meet the NES.  Modelling work was carried out on data prior to adjustment for 

gravimetric equivalency.   

2.2 Summary of Gore PM10 data 

No real change in the median PM10 concentrations measured at Gore appears to have 

occurred since 2006 when continuous monitoring commenced (Figure 2.10).  Higher 

PM10 concentrations vary from year to year, largely depending on the frequency and 

extent of meteorological conditions conducive to elevated pollution.  The impact of the 

variability in these parameters is also illustrated in Figure 2.2, which shows the number 

of exceedences of 50 µg m-3 as well as the maximum and second highest PM10 

concentrations.   
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Figure 2.1:  Summary statistics for PM10 concentrations from 2006 to 2011 

 

Figure 2.2:  Number of days PM10 concentrations have exceeded 50 µg m-3 and highest 

and second highest PM10 concentrations from 2006 to 2011.  
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2.3 Trends in PM10 concentrations from 2006-2010 

An assessment of trends in PM10 concentrations in Gore, after attempting to minimise 

the impact of meteorological conditions, was carried out for the period 2006 to 2010 

(Wilton, et. al., 2011).  Higher PM10 concentrations were associated with 24 hour 

average wind speed and temperature, minimum hourly average temperature on the 

following day and 4 hour average relative humidity.  Analysis of trends in PM10 

concentrations on days when meteorological conditions met these criteria suggests no 

real trend in PM10 concentrations from 2006 to 2010 in Gore.  However, updating of the 

trends assessment following 2011 and 2012 was recommended.   



Management of PM10 in Gore 

Prepared by Environet Ltd 11 

3 Sources of PM10 in Gore 

An emission inventory for Gore was carried out in 2011 to provide updated information 
on the contributions of sources to PM10 (Wilton, 2011). In addition to PM10 the inventory 
also quantified emissions from carbon monoxide (CO), sulphur oxides (SOx), nitrogen 
oxides (NOx), volatile organic compounds (VOC) and carbon dioxide (CO2). 

The inventory included estimates of emissions from domestic heating, motor vehicles, 
industry and outdoor burning. 

Figure 4.1 shows that domestic heating is the main contributor to daily winter PM10 
emissions in Gore (96%) and motor vehicles, industry and outdoor burning are all minor 
contributors at just over 1% each.   

 
Figure 3.1: Sources of anthropogenic PM10 emissions in Gore (2011). 

The main method of home heating during 2011 in Gore was electricity, with 51% of 
homeowners using this source. Around 38% of homeowners used multi fuel burners and 
approximately 19% of households used wood burners for heating. Open fires were used 
by around three percent of households.  Many households relied on more than one 
method of heating their main living area during the winter months.   

Around 67% of PM10 emissions from home heating were from coal burning and 33% 
from the burning of wood. The greatest amount of PM10 from domestic heating was 
found to come from multi fuel burners burning coal (65%).  Multi fuel burners burning 
wood were found to contribute 19% of the PM10 emissions from domestic home heating 
and wood burners burning wood contributed 12% (Figure 4.2).  
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Figure 3.2: Relative contribution of different heating methods to PM10 from domestic 
heating in Gore during 2011. 
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4 Reductions required in PM10 concentrations  

The reductions required in PM10 concentrations in Gore to meet the NES were revised 
from previous assessments contained in annual air quality monitoring reports (Wilton, 
2011) to allow for the gravimetric equivalence adjustment.  In addition data most 
representative of the 2011 starting point were used so that the 2011 inventory could be 
used as the baseline for emissions projections.   

The second highest concentration from 2010 was used as the starting point for 
calculating the reduction required.  The second highest concentration was selected 
because the NES allows for one exceedence of 50 µg m-3 per year.  The year 2010 was 
selected because peak concentrations were higher this year than in 2009 or 2011.  The 
years 2009 – 2011 were considered in addition to 2011 because of the potential for year 
to year variability in meteorological conditions conducive to high pollution.  Based on 
data collected from 2006-2011 and taking into account trends in PM10 concentrations 
(Wilton et. al., 2011) meteorological conditions during 2010 were conducive to elevated 
PM10.  

The second highest PM10 concentration measured during 2010 was 80 µg m-3
.  Based on 

this concentration a reduction in PM10 concentrations in Gore of around 38% is required. 
This has been calculated based on Equation 2.1:  

 Equation 2.1 

where  - R = the percentage reduction 

t = the air quality target (e.g., 50 µg m-3) 

c = the concentration identified as representing the starting point of the SLiP 
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5 Air Shed Modelling  

5.1 Model setup and methodology 

The Air Pollution Model (TAPM) version 4 was used to examine two different emission 

scenarios for Gore, one with summer and another with winter estimates. TAPM is a 

three-dimensional incompressible, non-hydrostatic, primitive equations model, which 

uses a terrain-following coordinate system (Hurley, 2002). The meteorological 

component of the model is supplied with a dataset derived from the Limited Area 

Prediction System (LAPS) analysis data from the Australian Bureau of Meteorology 

while the sea surface temperature is derived from Rand’s global long term means at a 

resolution of 100 kilometres, although the prescribed values can be changed. The 

simulations presented here use four nested grids with a grid spacing of 27, 9, 3 and 1 

kilometres, respectively. The meteorological model grid is configured with 50 zonal and 

meridional grid nodes; the pollution model of TAPM is designed with the same 

configuration. Default model options – such as soil temperature – were used since local 

information is scarce. 

To predict PM10, the air pollution module of TAPM was used in a tracer mode (with no 

chemistry). The domestic home heating component was allocated to tracer 1. Since 

most of the total emissions are from this source, only this one tracer was used to 

represent emissions. Emissions from traffic, industry, outdoor burning and natural 

emissions were neglected. Emissions are configured to be released from an area source 

matching Gore’s spatial dimension; emission profile was modified to hourly estimates for 

the purposes of this study. TAPM was integrated for a 5 month period from 1st of April to 

30 August in 2010. The model setup is summarized in Table 5.1.  
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Table 5.1: Model Setup. 

Meteorological Model Setup 

Simulation period 1 April to 30 August 2010 

 Grid-1 Grid-2 Grid-3 Grid-4 

Grid spacing(metres) 27000 9000 3000 1000 

Grid points 50 50 50 50 

Vertical levels 25 25 25 25 

 

5.2 Model Results and Discussion 

Gore is located on South Island surrounded by relatively complex mountainous terrain, 

therefore it should possess highly variable meteorological conditions. The model 

predictions were extracted at the nearest grid point from the location of the Gore air 

quality monitor on the inner most grid at the lowest model level of 10 metres above the 

ground. The hourly data (both observed and model predicted) were then converted to 

24-hour average data to get a daily average profile of meteorology and PM10 

concentration. Statistics for observations and model predictions are shown in Table 5.2, 

and are based on recommendations by Willmott (1981). Index of agreement is a 

measure of how well predicted variations about the observed mean are represented. A 

value greater than 0.50 is considered to be good (Hurley et al., 2003).  

Table 5.2: Observed and modelled statistics 

statistics: PM10 
meas 

PM10 
TAPM 

Measured 
wind speed 

(m/s) 

TAPM 
wind speed 

(m/s) 
average 22.6 14.7 2.0 2.3 

Standard deviation 26.5 25.9 1.2 1.2 

minimum 1.0 0.1 0.0 0.0 

maximum 415.1 372.7 8.6 8.3 

Correlation  0.30  0.48  

Index of Agreement 0.52  0.69  
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The IOA for wind speed shows that TAPM had good skill in capturing the local 

meteorology of the area even in this complex topography, the mean and standard 

deviation are in good agreement for model and observed data, and the range (minimum 

and maximum) is also well captured by the model. The statistics for particulate matter is 

somewhat less satisfactory, and show a negative bias (under-prediction) by TAPM. 

Therefore that model results can be taken as conservative when it comes to analysing 

the air pollution potential of the Gore region. A common cause for such discrepancy is 

usually the uncertainties in emission values used to drive the air pollution module of 

TAPM, but other more complex causes, such as improper prediction of static stability at 

night when the air pollution is high can be a contributing factor. 

 

 

Figrue 5.1: Time-series of observed 24-hour averaged PM10 concentrations 

Before we discuss the modelling results in more detail, temporal (daily) variation in PM10 

for Gore is dicussed briefly (Figure 5.1).  Like many other towns in New Zealand, 
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pollution episodes typically occur in colder months of the year. This is due to the 

concurrent occurrence of strong cooling of the air near the ground and the increased 

emissions by anthropogenic (i.e. home heating) activities. In the warmer seasons, daily 

PM10 rarely exceeds 20 µg/m3, whereas in colder months measured PM10 concentrations 

tend to be typically above this value. Yet the measured concentrations rarely exceed the 

NES value of 50µg/m3 (just twice for the period shown).  

 

Figure 5.2: Hourly emission profiles (in grams per second) used in the air pollution 

module of TAPM. 

The estimated emission profiles (Wilton 2011) also confirm that the highest emissions 

occur in colder winter months. The daily estimated values are boken down into hourly 

profiles to drive TAPM. Figure 5.2 shows the time-series of input values into TAPM; the 

winter profile is an order of magnitude larger than the non-winter values, therefore it is 

expected that the predicted concentrations should only be higher in winter, regardless of 

meteorology.  
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Figure 5.3: Time-series of daily averages for PM10 as observed by the station (obs) and 

predicted by TAPM (TAPM).  

The daily averaged predictions for TAPM are shown in Figure 5.3 and are compared to 

observations. Although, as discussed, the meteorology is well simulated by TAPM, the 

model misses the capture of the two highest measured values. TAPM tends to under-

predict PM10 generally, but the up-and-down trend in the air pollution episodes is 

modelled somewhat, indicating that the general meteorology was driving the changing 

air quality regimes. For example, the first 5 days on the simulation have a really good 

quality, the peaks and troughs are captured well.  
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Figure 5.3: Spatial statistics of TAPM results for April and May 2010. 

To get a better sense of the extent of the air quality problem in Gore, TAPM statistics are 

plotted on maps (Figures 5.3 and 5.4) to elucidate the scale of the problem. Figure 5.3 

(left panel) indicates that the centre of the city probably experiences between 1 to 3 days 

when the NES is exceeded during the months April and May. The average concentration 

for April and May (Figure 5.3, middle panel) predicts values mostly less than 30 µg/m3, 

indicating good air quality. The hourly maximum value ever predicted for this period 

(right panel) never goes above 70 µg/m3. The highest values are estimated to occur in 

areas where the emission density is highest.  

Figure 5.4 is the same as 5.3, except for the June, July, and August period. The model 

in this case has predicted 3 to 4 exceedence days during these months for a small area 

centred around Gore (which matches the observations better). The hourly maximum 

map shows that some limited geographical locations can experience PM10 of between 70 

to 90 µg/m3. 
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Figure 5.4: Spatial statistics of TAPM results for June, July and August 2010. 
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6 Management options for PM10  

Trends in PM10 emissions by source in the absence of regulation, but assuming burners 
are phased out 15 or 20 years post installation is shown in Figure 6.1.  The evaluation is 
based on a number of assumptions which are outlined in Table 6.2.  The contribution of 
natural sources to PM10 has not been quantified for Gore and estimates of natural 
sources in Figure 6.1 and subsequent figures are an estimate based on the average 
percent contribution on high pollution days in Hastings.1  

The main assumption that differs from other assessments of this nature (with the 
exception of the 2011 Invercargill assessment) is a revision to the emission factor for 
coal use from multi fuel burners.  Previously a factor of 28 g/kg was used.  This has 
been revised to 21 g/kg  as a result of recent studies comparing trends in PM10 
emissions and concentrations in Invercargill (Wilton & Bluett, 2011), which suggests that 
the reduction in PM10 emissions between the 2011 and 2004 emission inventories may 
have overestimated the reduction occurring as a result of the decline in coal use.  The 
emission factors used for domestic coal burning in New Zealand contain more 
uncertainty than other factors owing to the limited about of New Zealand specific testing 
of PM10 emissions from coal burners.   

Some reduction in PM10 from domestic home heating is observed from 2011 to 2027.  A 
greater reduction would occur under the status quo for Gore if emission criteria 
applicable to wood burners were also applied to multi fuel burners. The 2011 emission 
inventory indicated that 25% of households installing solid fuel burners installed multi 
fuel burners.  The magnitude of the status quo improvements relative to the reduction 
required in PM10 is shown in Figure 6.2.  

The emission projections include a natural attrition rate for burners of either 15 or 20 
years. The average life span of a burner is considered to be around 15 years.  However 
it is likely that some households will replace their burners beyond the 15 years, 
particularly in the current economic climate. The assumption of a 20 year phase out for 
burners is likely to be more realistic for determining emission reductions.  However, 
consideration should be given to regulating the timeframe if more certainty in achieving 
reductions is required.   

                                                

1 There is no area similar to Gore in proximity to the coast for which source apportionment data 
are available.  For Invercargill the natural source contribution to PM10 was based on Hastings 
which indicated that around 6% of wintertime PM10 concentrations were from natural sources 
including sea salt and dust. This assumption has been used in the emissions projections for Gore 
despite differences in the nature of the areas. 
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There are a number of uncertainties in the projections.  Graphs should therefore be 
interpreted in terms of probability of meeting the NES, with a projections line that meets 
the target as having reasonable probability of meeting the NES.  If greater certainty of 
meeting the NES is required some buffer should be allowed (that is, the objective should 
be to reduce emissions to below the target).  Similarly it is possible that some options 
that do not appear to meet the target based on the projections line may achieve the 
required reduction.   

Figure 6.1: Estimates in trends in PM10 concentrations by source. 
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Figure 6.2: Status quo projections for Gore 

6.1 Regulatory options for reducing PM10 

Figures 6.3 and 6.4 show the impact of different management options in achieving the 
NES.  Minimal additional reductions of PM10 concentrations are likely to be achieved if 
only outdoor burning or only open fires were banned because they are each only a small 
contributor to PM10.    

Figure 6.3: Ban outdoor burning in 2014.  
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Figure 6.4: Ban open fires in 2015.  

Figure 6.5 shows that a ban on the installation of new multi fuel burners in Gore 
combined with an open fire ban and outdoor rubbish ban is unlikely to achieve the NES 
by 2016 but may achieve it by around 2019, provided households remove existing 
burners including multi fuel burners at the end of a 15 year useful life.  If the useful life 
were extended until 20 years then the NES may be met by around 2021. Replacement 
heating options include NES compliant wood burners, pellet burners or non solid fuel.  
This option is effectively a ban on the use of coal for domestic heating in the longer term 
because at present no cost effective coal burning options are available that meet the 
emission limits of the NES design criteria for wood burners.   
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Figure 6.5: Ban in the installation of multi fuel burners not meeting the NES design 
criteria for wood burners and ban open fires and outdoor burning 

Figure 6.6 shows an alternative approach of prohibiting the use of coal from 2015.  This 
is considered because coal is a key contributor to PM10.  This management option 
assumes that wood would be continued to be used in multi fuel burners during the phase 
out period prior to replacement with NES compliant wood burners at the end of their 
useful life.   

Figure 6.6: Ban the use of coal in 2016, and no installations of new multi fuel burners 
from 2014. 
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6.2 Incentives  

Financial incentives programmes have been introduced in a number of areas where 
regulations have been introduced to reduce PM10 emissions from domestic heating.  The 
incentives programmes can be implemented to mitigate socio economic impacts of 
regulations targeting domestic home heating, as tool for reducing emissions, or both.   

The use of incentives could be used as a tool for reducing emission in Gore by 
encourage households using high emitting heating methods such as multi fuel burners to 
convert to cleaner heating options.  While this method is recommended for use in 
conjunction with regulation (Taylor Baines & Associates, et. al., 2005), an estimate of the 
conversions required with and without regulations have been made.   

Figure 6.7 shows the impact of converting 50% of households using multi fuel burners to 
clean heat alternatives at the end of the useful life of the burner combined with no new 
multi fuel burner installations from 2014.  It is possible that this combination would 
achieve the NES but not before 2019.  The effectiveness of these measures in addition 
to a ban on the use of open fires and outdoor burning is shown in Figure 6.8.  
Collectively these options have little certainly of meeting the NES by 2016 but are likely 
to meet the NES by around 2017 for a 15 year burner replacement scenario. 

Figure 6.7: No new multi fuel installations and incentives are used to convert 50% of 
households replacing multi fuel burners at the end of their useful life to clean heating 
options (excluding NES compliant wood burners).  
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Figure 6.8: Incentives are used with a ban on open fires, outdoor burning and no 
installations of new multi fuel burners.  Incentives encourage 50% of households 
replacing burners to choose clean heat alternatives.  

6.3 Assumptions 

The average fuel use and emission factors used for different appliance and fuel type 
categories are shown in Table 6.1.  The emission factor used in the emission inventory 
and in these projections for multi fuel burners burning coal is 21 g/kg.  This emission 
factor has a high degree of uncertainty because it is based on limited testing of coal 
burners.   

Previous studies (Wilton, et. al., (2008), Smith, et. al., (2007) recommend further testing 
of coal in multi fuel burners, to provide greater certainty on the emission factors for multi 
fuel burners.  In addition, the proportion of TSP that is PM10 should be assessed for 
domestic coal burners in New Zealand.   

Other assumptions underpinning the projections analysis are detailed in Table 6.2.  
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Table 6.1: Average emission factors and fuel use.  

 Emission Factor g/ kg Fuel Use kg 

Open fire – wood 10 10.6 

Open fire – coal 21 13.6 

Wood burner -pre 1995 11 20 

Wood burner - 95-00 7 20 

Wood burner -Post 2000 5 20 

Wood burner 1.5 g/kg 3 20 

Multi fuel – wood 11 14 

Multi fuel – coal 21 18 

Oil 0.3 1 

Gas 0.03 1.1 

Pellet 2 14 
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Table.6.2: Assumptions underlying the assessment of the effectiveness of management 

options for reducing PM10 emissions.  

1 A decrease in PM10 emissions from motor vehicles of around 40% between 
2006 and 2021 based on projected increases in VKTs combined with NZTER 
predictions on PM10 emission reductions from motor vehicles.   

2 The industry contribution to PM10 emissions remains at 1%. 

3 Current outdoor burning emissions occur throughout the week and weekend.  

4 Emission factors for burners as per Table 6.1. 

5 Average fuel use for NES authorised burners of 20 kg per night as per the 
2011 Gore emission inventory survey. 

6 Average fuel use for other burners as per the 2011 Gore emission inventory 
survey (Table 6.1). 

7 A proportional reduction in concentrations for any given reduction in emissions. 

8 No variations in the impact of emissions occurring at different times of the day. 

10 A 5% decrease in population in Gore between 2011 and 2021. 

11 Only 50% of households replacing open fires, if prohibited, will install solid fuel 
burners. 

12 An emission factor for NES authorised wood burners of 3 g/kg. 

13 A 10% reduction in the number of open fires from 2004 to 2021. 

14 For options including an open fire or outdoor burning ban these are effective 
from 2014. 

15 25% of new burner installations will be multi fuel burners.  

16 All houses replacing wood burners and multi fuel burners replace with solid 
fuel.  

 

6.4 Summary 

The main source of PM10 in Gore is coal burning for domestic home heating.  

Concentrations of PM10 in Gore currently exceed the NES and a reduction in peak 

values of around 38% is required to meet the NES by 2016.   

An evaluation of the effectiveness of regulatory measures suggests options such as a 

ban on the use of open fires or outdoor burning will be ineffective in achieving 

compliance on their own. Options that may meet the NES require addressing the 

disproportionately high emissions from domestic coal burners.   
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The main option for achieving compliance by 2016 is a prohibition on the use of coal.  

This could be implemented as a slow phase out via restrictions in the installation of new 

solid fuel burners to those that meet the NES design criteria for wood burners followed 

by a ban on the use of coal by winter 2016.  An alternative approach which would 

achieve the same objective would be to introduce restrictions on the installation of new 

solid fuel burners to NES compliant burners and to phase out existing multi fuel burners 

in stages, before the end of their useful life.   

An alternative option is the use of incentives to encourage households to clean heating 

alternatives in conjunction with a ban on open fires, outdoor burning and no installations 

of new multi fuel burners.  Whilst this has the advantage of allowing ongoing use of coal 

in existing appliances it is unlikely that the NES would be met before 2016 with this 

option unless incentives also encouraged the replacement of older appliances before the 

end of their useful life.   
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7 Conclusions 

This study provides an overview of air quality management in Gore including the impact 
of meteorological on PM10 concentrations, spatial variations in PM10 concentrations and 
the effectiveness of different management options in reducing PM10 to meet the NES. 

Concentrations of PM10 exceed the NES for PM10 on average around seven days per 
year.  Exceedences occur during the winter months when emissions from domestic 
home heating coincide with meteorological conditions conducive to elevated 
concentrations. Concentrations of PM10 require reducing by around 38% to meet the 
NES target of 50 µg m-3 (24-hour average) by 2016.   

Airshed modelling using TAPM shows some agreement between modelled and 
measured concentrations but that the model typically under predicts relative to 
measured concentrations. Highest concentrations are estimated to occur around the 
centre of Gore.   

A number of management options to achieve PM10 reductions are outlined in the report.  
The most effective option for meeting the NES is a prohibition on the use of coal (e.g., by 
2016).  This should be combined with an early restriction on the installation of new multi 
fuel burners to achieve equity with regards to new installations.  There is a high 
probability that this option would achieve the NES by 2016.   

Alternatively incentives could be used in combination with a ban on outdoor rubbish 
burning, a ban on open fires and no new installations of multi fuel burners.  The addition 
of a 15 year phase out of existing burners would increase the certainty around this 
option.  However, the effectiveness in meeting the NES by 2016 will depend on the 
uptake of an incentives programme, including the proportion of households replacing 
burners prior to the end of their useful life, and the proportion of households moving to 
non solid fuel alternatives.  Additional management intervention such as increased 
insulation, community education and good wood programmes may improve the 
likelihood of this option meeting the NES for this option. 
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