
CHAPTER 7 

BEHAVIOUR, PERCEPTIONS AND ATTITUDES TOWARDS WOOD HEATING 

AND AIR POLLUTION - A HOUSEHOLD SURVEY 

7.1 Introduction 

Understanding people's behaviour and their perceptions and attitudes towards wood heating 

and air quality is central to this study of particulate air pollution. This chapter presents the 

findings of a household survey, which investigated behaviour, perceptions and attitudes 

toward wood heating and air pollution in Armidale. 

7.2 Methodology 

Data were collected through face-to-face interviews with 300 households. Data collection 

took place during the period December 1998 to March 1999. Each interview lasted for 30 to 

45 minutes. The trained interviewer was briefed for the administration of the questionnaire. 

To select the sample household, a list of all households was obtained from Annidale 

Dumaresq Council. From the total of 11,956 households, 600 were selected randomly. The 

interviewer approached every second selected household with the intent of obtaining a 

sample of size 300. If a household was unable to take part, a reserve household adjacent on 

the list was used. This enabled spatial representation to be maintained. 

The sample size of 300 was selected because it was considered that this would offer 

sufficient power in the subsequent statistical estimates. Also the costly nature of face-to-face 

interviews made a larger sample size prohibitive, for comparison, the 1996 ADC survey had 

a size of 224. 

To avoid ethical issues or concerns, informed consent was obtained from each respondent 

before the survey. About two weeks before the interview, a letter was delivered to each 

potential respondent. The letter explained to the respondents their right to refuse to answer 

any question, or to discontinue the interview at any time; the purpose of the study; the types 

of questions to be asked in the interview; and the confidential nature of the information 
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provided by the respondents. The respondents were assured that no personal information 

would be revealed or identified in the study report. 

A written questionnaire was used to gather information. The questionnaire was administered 

using a trained interviewer visiting respondents at their home. This enabled a higher 

participation rate than a mail survey and ensured better quality responses. 

The questionnaire had three parts. Part one had wood heater related questions. Part two 

contained questions focussing on attitudes towards woodsmoke and willingness to pay for 

clean air. The last part collected demographic data on the respondent including age, sex, 

education levels, income, occupation, and family size. Appendix B contains the 

questionnaire. The survey findings are discussed under six main headings: 

1. Socio-economic characteristics of the respondents 

11. Wood heater and wood burning information 

111. Wood heater user's attitudes towards wood heating and wood smoke 

IV. Public awareness about woodsmoke and air pollution 

v. Community attitudes towards various schemes to reduce air pollution 

VI. Willingness to pay for clean air. 

7.3 Socio-Economic Characteristics 

The socio-economic characteristics of the survey population have been summarised in 

Tables 7.1- 7.4. Armidale census data for 1996 has been included where available. When 

sample data are compared with Armidale census data it is clear that the survey sample was a 

representative sample of the total population. The larger variation is between age 

distribution, but this is readily explained by the fact that the survey did not include the 

tertiary student population (living in University or school residence), which is a large 

contributor to the 18-30 years age group. 

Around 48 per cent of respondents were male and 52 per cent were female. The age 

distribution of respondents is summarised in Table 7.1. The sample reflects the aging 

population of Armidale, with 21.7 per cent being 60 and over. The mean household size was 

2.9 (Armidale average is 2.7), ranging from 1 to 8 members. Most respondents (90 per cent) 

lived in a single or detached house, with 8 per cent living in flats or units. 
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Table 7.1: Distribution of Respondents According to Age and Sex 

Description Frequency Per cent Armidale (Per cent) 

Sex 

Male 143 47.7 47.6 

Female 157 52.3 52.4 

Total 300 100 100 

Age Frequency Per cent Armidale (Per cent) 

18-29 years 66 22.0 33.2 

30-39 years 60 20.0 20.0 

40-49 years 65 21.7 18.2 

50-59 years 44 14.7 11.2 

60 and over 65 21.7 17.4 

Concerning the respondent's educational background, 4.7 per cent had only pnmary 

education, 28 per cent were educated to secondary level, and 21.6 per cent were university 

graduates. Nineteen per cent of respondent possessed TAPE qualifications, 16 per cent 

higher school certificates, and 11 per cent postgraduate degrees (Table 7.2). The percentage 

of respondents with university and postgraduate qualifications was higher than the national 

average, probably because Armidale is a university town. The occupation of respondents 

(Table 7.3) has a higher than average proportion in the managerial/professional category, 

probably for the same reason. 

Table 7.2: Distribution of Respondents According to Education 

Education levels Frequency Per cent 

Primary 14 4.7 

Secondary 84 28.0 

HSC 48 16.0 

TAFE 57 19.0 

University 65 21.6 

Post graduate 32 10.7 

Total 300 100 
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Table 7.3: Distribution of Respondents According to Occupation 

Occupation Frequency Per cent 

Farmer 2 0.7 

Managerial/professional 65 21.7 

Clerical/ sales 19 6.4 

Technical/trades 37 12.4 

Labourer 13 4.3 

Services 18 6.0 

Student 28 9.4 

Home duties 9 3.0 

Self employed 19 6.4 

Retired 53 17.7 

Unemployed 11 3.7 

Others 25 8.4 

N/A* 1 0.3 

Total 300 100 

* One person did not respond to the occupational question 

Table 7.4: Distribution of Respondents According to Income 

Income level Frequency Per cent Armidale (Per cent) 

Less than $ 20,000 III 37.0 32 

$20,000-$40,000 87 29.0 33 

$40,000-$60,000 50 16.7 21 

More than $60,000 36 12.0 6 

N/A* 16 5.3 12 

Total 300 100 100 

* 16 respondents did not answer the income question 

7.4 Wood Heater and Wood Burning Related Results 

Of the sample surveyed, 160 respondents (53.3 per cent) indicated that they had some form 

of wood heater and 140 (46.7 per cent) used other forms of energy for winter heating. This 

compares with 56 per cent ownership in a previous survey in 1996, suggesting little change 

in the proportion of homes having wood heaters in recent years. 
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Of those who had wood heaters, 95 per cent used slow combustion heaters, 3 per cent had 

open fires and 2 per cent had potbelly heaters. Around 44 per cent of respondents said that 

they installed their wood heaters themselves and 56 per cent indicated that their heater was 

installed by some one else. 

Figure 7.1: Types of Heater Used by the Surveyed Sample 
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Of those with wood heaters, 85 per cent indicated that they use their heater every day in 

winter and a further 8 per cent use it several days a week. Around 51 per cent of wood heater 

users stated that they bum wood for 24 hours a day and a further 23.8 per cent bum it for 

more than 8 hours per day. 

The household survey found that around 62 per cent of respondents regularly leave their 

heater burning slowly overnight by lowering the air controls, a further 4.4 per cent often 

does this and 8.8 per cent sometimes does. Only 25 per cent indicated that they never leave 

the heater to bum slowly over night. 

Most of the users (92.55 per cent) indicated that they always bum aged wood. The 

household survey also found that while around 70 per cent of the respondents buy their 

firewood from dealers, 30 per cent collect firewood from their property or forests or get it 

from friends or relatives. Around 95 per cent indicated that they always use hard wood and 

only 5 per cent use soft or scrap wood. 
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7.5 Attitudes towards Wood Heating and Woodsmoke 

A variety of strategies have been introduced to reduce woodsmoke problems around the 

world (for example: mandatory use of smoke free fuel in London, mandatory bum bans in 

New Mexico, California, Klamath Falls, Oregon, Reno; voluntary bans in Sydney; permit 

systems in Telluride-Colorado). Some of these options were canvassed in the household 

survey to examine community attitudes towards them. 

In the household survey, respondents were posed a hypothetical question: Assuming the cost 

of a load of normal firewood is $60.00 and that it is possible instead to buy wood that does 

not pollute. How much would you be willing to pay for a load of this special wood? They 

were then given alternative closed responses. 

Around 24 per cent of respondents indicated that they would not buy the special non

polluting wood. Thirty-eight per cent would only pay the same amount for a non-polluting 

substitute that they pay now for normal firewood. Only 38 per cent would pay more than 

what they currently pay for non-polluting wood. 

The data were further analysed in conjunction with socio-economic factors. The level of 

education had a significant influence on responses. Around 67 per cent with primary 

education did not want to pay for special wood, followed by around 36 per cent with 

secondary education. In contrast only 11 per cent with a university degrees and 18 per cent 

with post-graduate degree were unwilling to pay for the special wood (Chi-square = 49.493, 

df= 35, P = 0.053). 

Income level had some influence on willingness to pay for special non-polluting wood. Of 

respondents with less than $20,000 income, only 22.6 per cent were prepared to pay more 

for non-polluting wood than what they are paying now. Around 44 per cent of respondents 

\vith incomes between $20,000 to $60,000 and 58 per cent who earn more than $60,000 

were willing to pay some extra for special wood (Chi-square= 40.961, df= 38, P = 0.054). 

Sources of wood supply and willingness to pay for special non-polluting wood were highly 

related. Around 55 per cent indicated that they would not buy the special wood and would 

continue to collect wood, since this was cheaper. Only 9 per cent of respondents who 

collected their own wood would pay extra for special wood. Many more of the respondents 
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(62 per cent) who buy wood from a supplier were willing to pay some extra money for 

special wood (Chi-square = 50.745, df= 14, P<O.OOI). 

To assess the acceptability of mandatory bans in Armidale, respondents were asked: On the 

days when air pollution is high (about 1 day in 2 during July) would you be prepared not to 

light your heater if the EPA requested. Sixty-five per cent of respondents revealed that they 

were not prepared to not light when requested. 

Another option to reduce woodsmoke is to introduce a permit system. To assess this option, 

another hypothetical question was posed: Supposing that in the future Armidale Dumaresq 

Council decides that the number of wood heater needs to be restricted, and that it will issue 

yearly permits that households that have wood heaters would need to buy. If the permit 

costs: $50 would you move to alternative form of heating? What if it was $100 or $150 or 

$200. The responses are shown in Table 7.5. 

Table 7.5: Permit Costs and Wood-Heater Usage 

Permit Cost Keep the wood- Move to alternative Compare the cost 
heater 

$50 76.9% 15.0%) 8.1% 

$100 59.40/0 20.6% 20.0% 

$150 53.1 0/0 20.7% 26.20/0 

$200 50.0% 21.90/0 28.1%) 

The results show that if permits cost $50 per year, 77 per cent of respondents will pay the 

fees and keep their wood heater, while around 15 per cent will move to some alternative 

form of heating. Around 8 per cent indicate that they will compare the cost of alternative 

heating and the cost of wood heating with a permit and then choose the cheaper option. 

If the permit costs $100, almost 60 per cent indicated that they would buy a permit, 20.6 per 

cent of the residents expressed their intention to move to alternative heating, while 20 per 

cent would compare the costs of a permit with the alternative. 

When the cost of the permit is raised to $150, 53 per cent reported that they would keep the 

wood heater, 21 per cent would look for an alternative and 26 per cent will first compare the 

cost and make a choice. 
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At even higher permit costs ($200 per year), 50 per cent of respondents would keep their 

wood heater, 22 per cent felt they would switch to alternative heating and 28 per cent would 

compare the costs. 

The data were also analysed to see the impact of the implied increased price of wood heater 

use (due to the permit price) on the demand of firewood. 

To do the analysis it was assumed that the current price of firewood was $60 per tonne and 

that the frequency distribution of firewood use in Armidale population is a truncated normal 

distribution with a mean of 3.5 tonnes per year. Table 7.6 shows the prices of firewood 

under permit prices of $50 and $200 with different possible amounts of wood consumption. 

Table 7.6: Cost of Firewood after Introducing Permits 

Wood consumption Frequency Permit $50 per year Permit $200 per year 
(tonnes) 

1 0.083 110 260 

2 0.167 85 160 

3 0.250 77 127.7 

4 0.250 72.5 110 

5 0.167 70 100 

6 0.083 68.3 93.3 

Weighted average price $80 $132.21 

'Vith a $50 permit price, the weighted pnce of per tonne wood becomes $80, which 

represent around a 33 per cent increase from the initial price of $60. A 33 per cent price 

increase associated with a 15 per cent reduction in use is an elasticity of about -0045 

(assuming that those moving out of wood heating are equally likely to come from each level 

of consumption). Adding another 8.1 per cent who wanted to compare the cost, the 

elasticity becomes -0.71. 

For a $200 permit cost, a reduction in 21.9 per cent represents an elasticity of -0.18 and of 

50 per cent (21.9 + 28.1) represents elasticity of -0041. The results are summarised in Table 

7.7 
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Move to alternative 

Move to alternative + 
Compare the cost 

Table 7.7: Elasticity of Demand 

Permit $50 per year 

-0.45 

-0.70 

Permit $200 per year 

-0.18 

-0.41 

It is evident from Table 7.7 that with higher prices, demand becomes more inelastic. 

Overall, these elasticity estimates suggest that the use of a permit will have a relatively small 

effect on the demand for firewood; consumption will decrease but only by a small amount. 

The data were further analysed to see the impact of the permit system on total consumption 

of firewood in Armidale. As seen in Table 7.5, with a $200 pennit price, 50 per cent of the 

",rood heater users would still keep their wood heater. These 50 per cent also use significant 

amounts of firewood. Out of these 50 per cent, around 84 per cent used wood heater every 

day and more than 56 per cent used 24 hours a day. 

Respondents who stated they would keep the wood heater gave two different reasons: 

1. Some believed that even with the additional cost of pennits, it would be cheaper to 

have wood heating, since some collect their own wood. 

11. Some respondents have a personal attachment to wood heating and/or consider it to 

be more effective than other forms of heating. 

7.6 Public Awareness of Wood smoke and Air Pollution 

7.6.1 Relative Importance of Air Pollution in Armidale 

In general, the survey population was aware that there is particulate air pollution in 

Armidale, although they disagree about its relative importance. To make a comparison, air 

pollution was ranked against four other contemporary social problems. To estimate the 

overall ranking, each response were assigned a number from 1 to 5 representing importance, 

where the most important response was numbered 5, the second most important issue 

number 4 and so on. Values were multiplied by their respective frequencies to get the total 

values for each response and then ranked accordingly. Unemployment was the most 

important issue according to the survey population (Table 7.8). Air pollution was ranked 

fifth after unemployment, crime, drugs, and homelessness problems. 
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Table 7.8: Important Issues in Armidale 

Issues Most 2nd 3rd 4th 5th Overall 
Important 

Unemployment 131 61 83 23 2 1 

Crime III 100 61 21 6 2 

Drugs 46 104 82 41 29 3 

Homelessness 8 20 34 106 131 4 

Air pollution 4 15 40 109 132 5 

7.6.2 Health Effects of Wood smoke 

Over recent years Armidale Dumaresq Council and EPA have tried to educate the public 

about the adverse effects of woodsmoke on human health. The household survey found that 

shortcomings in the public awareness of the health effects of woodsmoke. 

As shown in Table 7.9, 47 per cent of respondents claimed either that the statement emission 

from open fires and solid fuel heaters contain substances harmful to humans was false or 

else they were unsure. Only 53 per cent believed emissions are harmful. This may partly 

reflect the mistaken belief that PM2.5 particles do not penetrate indoor. 

When the same data were analysed in conjunction with whether the respondent has a wood 

heater or not, the situation became clearer. Around 58 per cent of people without a wood 

heater agreed with the statement emissions from open fires and solid fuel heater contain 

substances harmful to humans. In contrast, only 48 per cent of wood heater users accept that 

the emissions are harmful. 

Table 7.9: Emissions from Solid Fuel Heaters Harmful to Humans 

Opinion Without Wood Heater With Wood Heater Total 

Frequency Percent Frequency Percent Frequency Percent 

True 81 580/0 77 480/0 158 52.70/0 

False 26 18% 38 24% 64 21.3% 

Not sure 33 24% 45 280/0 78 26.00/0 
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The data were further analysed by sex, age, education level, occupation and whether the 

respondent had suffered any respiratory illness in the most recent winter. 

Education level was also highly related to whether emissions were believed harmful or not. 

Only about 36 per cent of respondents with primary education believed emissions from 

woodsmoke were harmful, whereas around 62 per cent of respondents with university 

degrees and 81 per cent of respondents with postgraduate degrees believed them to be 

harmful (Chi-squire =4.078, df 10 and P < 0.001). 

In general, younger respondents were more concerned about the health effects of wood 

heater emissions. Around 64 per cent of respondents aged between 1 8-29 believed them to be 

harmful. Around 46 per cent and 41 per cent from the age groups 50-59 and 60 years and 

above believed that emissions were harmful (Chi-square = 14.853 with df= 8 and 

P = 0.062). 

The data were analysed in conjunction with whether the respondent or any family member 

had suffered from asthma or any respiratory diseases in the previous winter. Around 59 per 

cent indicated no such problems, 41 per cent indicated that they had suffered from asthma or 

respiratory illness during the last winter. Among the sufferers, 14.7 per cent had asthma, 7.3 

per cent had night-time cough, 4.7 per cent suffered from bronchitis, 3.3 had other chest 

complaints and 11 per cent had more than one problem. 

Among the survey population with no respiratory-related illness, only 47 per cent believed 

emissions from wood heaters were harmful, whereas 90 per cent who had respiratory 

complaints the previous winter believed emissions from wood heaters were harmful. 

7.6.3 Degree of Change 

Comparing air pollution over the past three years (Table 7.10), 20.7 per cent of respondents 

believed that Armidale's air pollution has worsened, 50 per cent believed it to be about the 

same and 6 per cent believed that it has improved. 
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Table 7.10: Beliefs about Air Quality in Armidale over Recent Years 

Opinion Without Wood Heater With Wood Heater Total 

Frequency Percent Frequency Percent Frequency Percent 

Better 10 7.1 8 5.0 18 6.0 

About the same 54 38.6 96 60.0 150 50.0 

Worse 41 29.3 22 13.7 63 21.0 

Don't know 35 25.0 34 21.3 69 23.0 

The same data were analysed to see if there was a difference between the users and non

users of wood heaters. Table 7.10 shows about 30 per cent of respondents without wood 

heaters thought that air pollution in Armidale has worsened in the last 3 years compared to 

only 13 per cent with wood heaters (Chi-Square = 18.196, df= 4, P = 0.001). 

The survey revealed differences between males and females. Around 8 per cent of males but 

only 4.5 per cent of females believed that Armidale's air quality was better. About 57 per 

cent of males and 44 per cent of females thought air quality has remained about the same 

over the past 3 years. Around 20 per cent of males and 21 per cent of females believed that 

air quality has worsened. A larger proportion of female respondents (31 per cent) were 

unsure, compared to 15 per cent of males. 

i.6.4 Problems with Other People's Wood Heaters 

The survey included an item to assess whether respondents had experienced any problems 

from wood heaters in nearby properties: Has your household ever experienced problems or 

annoyance as result of other people using solid fuel home heating in your area? They were 

also asked how serious they considered the woodsmoke problem to be in their 

neighbourhood. 

A large number of respondents (69.3 per cent) claimed to be "never or hardly" affected by 

air pollution. About 20.3 per cent of respondents reported that they were affected sometimes 

and 9.7 per cent felt that they repeatedly experienced problems (Table 7.11). 
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Table 7.11: Problems from Other People's Wood Heaters 

Opinion Without Wood With Wood Heater Total 
Heater 

Frequency Percent Frequency Percent Frequency Percent 

Never or hardly ever 74 52.9 134 83.8 208 69.3 

Sometimes 43 30.7 18 11.3 61 20.3 

Quite often 22 15.7 7 4.2 29 9.7 

Not sure 0.7 0.6 2 0.7 

When the data were further analysed according to whether respondents had a wood heater, 

the results showed significant differences. Forty-six per cent of respondents without wood 

heaters experienced some sort of problems. In contrast, only 15 per cent with wood heaters 

experienced problems (Chi-square = 34.131, df= 3 and P<O.OOl). 

Further analysis of the 30 per cent of those who had experienced problems showed that 30 

per cent believed that it was a significant problem, 64 per cent believed that it was a bit of a 

problem, the remaining 6 per cent believed that the problem was not serious. 

Interestingly, males and females expressed very similar attitudes towards experiencing 

problems with other people's wood heater. 

7.6.5 Perceived Need To Do Something about Air Pollution 

When asked if Armidale needed to address winter woodsmoke pollution, about 54 per cent 

believed Armidale needed to do something to reduce the winter air pollution, 27 per cent 

thought no action is necessary and about 18 per cent were unsure. 

There was a significant difference between the opinions of wood heater users and non-wood 

heater users. Around 66 per cent of non-wood heater users thought Armidale needed to do 

something about woodsmoke, whereas only 44 per cent of the wood heater users believed so 

(Chi square = 14.332, df= 2 and P = 0.001). 

The "need for action" was analysed in conjunction with beliefs about the harmfulness of 

emissions. Among the respondents who believed emissions from wood smoke harmful, 75.3 
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per cent were of the opinion that Annidale needed to do something about woodsmoke. Only 

12 per cent of them did not agree that Armidale needed to act (Chi-Square = 71.283, df= 4 

and P<O.OOl). 

Male and female views were not significantly different, 56.6 per cent of men believed 

Armidale needs to do something about air pollution compared to 52.2 per cent of women. 

7.7 Attitudes to Schemes to Reduce Air Pollution 

Various policy options used to reduce particulate air pollution elsewhere were canvassed 

during the survey. Respondents were asked if they would support any of the suggested 

alternative strategies for use in Armidale. The results are listed in Table 7.12. 

Table 7.12: Support for Various Schemes to Reduce Air Pollution 

Strategy Approve Disapprove Not sure 

Encourage people not to light fires or solid fuel 50.7% 39.7% 9.6% 
heaters on days when high pollution is predicted 

Only allow people to bum wood that is purchased 27.30/0 66.00/0 6.70/0 
from an accredited supplier 

Impose fines on households that produce large 36.0% 55.7% 8.3% 
amounts of woodsmoke 

Gradually phase out any burning of wood or coal 33.30/0 53.00/0 13.70/0 
in private home 

Impose an annual charge on households that have 19.7% 73.7% 6.70/0 
solid fuel heaters 

Prohibit people from lighting fires or solid fuel 8.7% 83.00/0 8.30/0 
heaters on days when high pollution is predicted 

Prohibit new solid fuel heaters or open fires being 16.3% 70.7% 13.0% 
installed in private homes 

Limit the number of homes in an area, which can 18.00/0 74.7% 7.30/0 
have a solid fuel heater or open fires 

None of the options found strong support, although strongest support was found for options 

which encouraged people not to light fires when air pollution was high (50.7 per cent of 

approval rate), followed by imposing fines on households which produced excessive 

woodsmoke (36 per cent approval rate). 
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Strong opposition was expressed towards a strategy that prohibited the use of solid fuel 

when air pollution levels were high; followed by disapproval of a strategy limiting the 

number of homes in an area that could have a solid fuel heater or open fires (74.7 per cent); 

next was an annual charge imposed on households that had solid fuel heaters (73 per cent 

disapproval); and lastly a strategy that prohibited new solid fuel heaters or open fires being 

installed (70.7 per cent disapproval). 

There were some differences of opinion between wood heater users and non-wood heater 

users. As shown in Table 7.13, encouraging people not to light fires when air pollution is 

high had fairly high approval from both wood heater users and non-users. 

Table 7.13: Attitudes of Wood Heater Users and Non-Users 
Towards Various Options 

Strategy With Wood Heater Without Wood Heater 

Approve Disapp Not sure Approve Disapp Not sure 

Encourage people not to light 75 68 17 77 51 12 
fires when high pollution is (46.9%) (42.5%) (10.6%) (55%) (36.4%) (8.6%) 
predicted 

Only allow people to bum 33 118 9 49 80 11 
wood that is purchased from (20.6%) (73.80/0) (5.6%) (35.0%) (57.1%) (7.9%) 
an accredited supplier 

Impose fines on households 41 100 19 67 67 6 
that produce large amount of (25.6%) (73.8%) (1l.90/0) (47.9) (47.9%) (4.3%) 
woodsmoke 

Gradually phase out burning 38 97 25 62 62 16 
of wood in private home (23.8%) (60.6%) (15.6%) (44.3%) (44.30/0) (1 l. 4 0/0) 

Impose an annual charge on 21 129 10 38 92 10 
households with solid fuel (13.l %

) (80.6%) (6.3%) (27.10/0) (65.7%) (7.l 0/0) 
heater 

Prohibit people from lighting 9 139 12 17 110 13 
fires on days when high (5.6%) (86.9%) (7.5%) (12.1 %) (78.6%) (9.3%) 
pollution is predicted 

Prohibit new solid fuel 16 127 17 33 85 22 
heaters being installed (10.0%) (79.4%) (10.60/0) (23.60/0) (60.70/0) (15.7%) 

Limit the number of homes 17 132 11 37 92 11 
in an area which can have a (10.6%) (82.5%) (6.90/0) (26.4%) (65.70/0) (7.9%) 
solid fuel heaters 

Imposing fines on the households that produce excessive amount of woodsmoke had a 

higher approval rate from respondents without wood heaters (48 per cent) compared to 

respondents with wood heaters (25 per cent) (Chi-square = 18.288, df= 2, P < 0.001). 
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Non-users showed strong support for gradually phasing out burning of wood or coal in 

private homes (44.3 per cent). Only 23.8 per cent of those with wood heaters supported this 

option (Chi-square = 14.170, df= 2, P = 0.001). 

Differences were also evident for the option that prohibited any new solid fuel heaters or 

open fires being installed in private homes (23 per cent approval by non-users compared 

with only 10 per cent by wood heater users Chi-square = 13.587, df= 2, P = 0.001). The 

option which limited the number of homes in an area which could have a solid fuel heater or 

open fires received 26.4 per cent approval from non-users but only 10 per cent approval 

from wood heater users (Chi-square = 13.276, df= 2, P = 0.001). 

Around 35 per cent of respondents without a wood heater approved the option that people 

only be allowed to bum wood purchased from an accredited supplier. Only 20.6 per cent of 

those with a wood heater agreed to the same (Chi-square = 9.323, df= 2, P = 0.009). A 

"polluters pays" policy, or imposing an annual charge on households that had solid fuel 

heaters, was supported by 27 per cent of respondents without a wood heater but only 13 per 

cent with a wood heater (Chi-square = 9.803, df= 2, P = 0.007). 

7.8 Willingness to Pay for Clean Air 

For the "willingness to pay for clean air" question two photographs were used. The first 

showed Armidale on a sunny July morning with considerable air pollution and the second 

showed Armidale on a similar July morning with no air pollution (Appendix C). It was 

explained that currently half of July mornings were like the first picture and half like the 

second. It was proposed that to improve the situation so that July mornings be more often 

like the second photograph, ADC would need to spend money on a project, and to do this 

would have to impose a levy on residents. 

Respondents were asked to state their maximum willingness to pay per year to achieve 

satisfactory air quality standards. A payment schedule was used to indicate possible 

amounts, ranging from $0 to over $120. It was stated that every one living in Armidale 

would have to pay. Table 7.14 gives the results of respondents' "willingness to pay". 
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Table 7.14: Willingness to Pay for Clean Air 

Amount Frequency Percentage 

$0 181 60.30/0 

$20 72 24.00/0 

$40 26 8.7% 

$60 9 3.0% 

$80 5 1.70/0 

$100 4 1.3% 

$120 and more 2 0.70/0 

N/A 1 0.3% 

Total 300 100 

Among the surveyed population, only 39.7 per cent were willing to pay some amount for 

clean air and 60.3 per cent revealed a willingness to pay (WTP) of zero. Overall, this would 

give an estimate of about $300,000 for aggregate WTP for Armidale popUlation of 22,000. 

This is far smaller than the value of life estimate because WTP for clean air does not 

estimate the value of life. 

The data were examined to determine whether socio-economic factors influenced the WTP 

responses. Factors examined included age, sex, education levels, occupation, income levels, 

duration of stay in Armidale, and whether any member of the household had suffered from 

any respiratory illness in the previous winter. The data were also analysed in conjunction 

\vith perceptions of and attitudes towards wood heating. 

It was found that older people had a lower WTP compared to younger people. As shown in 

Table 7.15, 47 per cent of respondents from the 18-29 yr. age group were willing to pay 

some amount of money for cleaner air. On the other hand, only 27.9 per cent from the 50-59 

years age group and 27.7 per cent from 60 years and over age group were willing to pay for 

clean air (Chi-square = 34.364, df= 24, P = 0.078). 

Males (43 per cent) were more willing to pay for clean air than females (36 per cent). 

As expected, respondents' education level played a significant role (Table 7.l6). No 

respondents with primary level education were willing to pay for clean air; only 22.6 per 

cent of those with secondary education, 53 per cent with a university degree and 75 per cent 
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with a postgraduate degree agreed to pay a levy for cleaner air (Chi-square = 82.691, 

df= 30, P<O.OOl). 

Table 7.15: Willingness to Pay and Age Distribution 

WTP Age in Years 

18-29 30-39 40-49 50-59 60 and over 

$0 35 (53.0%) 36 (60.0%) 32 (49.2%) 31 (72.1%) 47 (72.3%) 

$20 23 (34.8%) 14 (23.3%) 15 (23.1%) 10 (23.3%) 10 (15.4%) 

$40 4 (6.1 %) 4 (6.1 %) 12 (18.5%) 2 (4.7%) 4 (6.2%) 

$60 2 (3.0%) (1.70/0) 4 (6.20/0) 2 (3.1 %) 

$80 (1.50/0) 3 (5.00/0) (1.5%) 

$100 2 (3.3%) 1 (1.5% ) (1.50/0) 

$120 (1.50/0) (1.5%) 

Total 66 60 65 43 65 

Table 7.16: Willingness to Pay and Education Level 

WTP Education Levels 

Primary Secondary HSC TAFE University Post-Grad 

$0 14 (100%) 65 (77.4%) 30 (62.5%) 34 (59.6%) 30 (46.9%) 8 (25.0%) 

$20 14 (16.7%) 13 (27.1%) 17 (29.8%) 17 (26.6%) 11 (34.4%) 

$40 2 (2.4%) 3 (6.3%) 1 (1.8%) 11 (17.2%) 9 (28.1%) 

$60 2 (2.4%) (2.1 %) 5 (8.8%) (3.0%) 

$80 4 (6.3%) (3.10/0) 

$100 1 (2.1 %) 1 (1.60/0) 2 (6.3%) 

$120 1 (1.2%) 1 (1.60/0) 

Household income had a significant influence on WTP responses (Table 7.17). Fewer 

respondents (only 28.8 per cent) with income less than $20,000 were willing to pay some 

amount of money for clean air. Forty-six per cent from income groups $20,000 to $40,000 

and $40,000 to $60,000 were willing to pay. More than half of the respondents (54.3 per 

cent) with income more than $60,000, indicated a positive WTP for better air quality (Chi

square = 50.614, df= 24, P = 0.001). 

Single member households had lower WTP; only 27.5 per cent from I-person households 

were willing to pay some money for clean air. Around 38 per cent from two-member 

households; 43.9 per cent from three-member households; 44 per cent from four-member 

households; 44.1 per cent from five-member households and 50 per cent from 6 and more 
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member households were willing to pay some money for clean air (Chi square = 43.770, 

df= 30, P = 0.050). 

Table 7.17: Willingness to Pay and Respondents' Income Level 

WTP 

$0 

$20 

$40 

$60 

$80 

$100 

$120 

Less than 
$20,000 

79 (7l.2%) 

25 (22.50/0) 

5 (4.5%) 

2 (l.8%) 

Income 

$20,000- $40,000-
$40,000 $60,000 

47 (54.1 %) 27 (54.0%) 

24 (27.6%) 10 (20.00/0) 

11 (12.6%
) 6 (12.0%) 

2 (2.3%) 4 (8.0%) 

1 (2.00/0) 

(l.1 %) 2 (4.0%) 

2 (2.30/0) 

More than 
$60,000 

16 (45.7%) 

9 (25.70/0) 

4 (11.4%) 

1 (2.9%) 

4 (11.40/0) 

(2.9%) 

There was a tendency for a respondent who (or a member of whose family) had suffered 

respiratory symptoms to be more willing to pay than respondents who had not suffered from 

such symptoms. Among respondents who had asthma, 56.8 per cent had a positive WTP; a 

slightly higher percentage (59.1 per cent) of night-time cough sufferers also had keen WTP. 

Among the bronchitis sufferer 42.9 per cent were willing to pay for clean air. Among 

respondents who had more than one symptom during the previous winter, 42.4 per cent were 

willing to pay for clean air. Only 31.4 per cent of respondents with no respiratory complaints 

had a positive WTP (Chi square = 54.977,df= 30, P = 0.004). 

This study found that occupation was not an important factor in WTP (Chi

square = 74.970,df= 66, P = 0.210). Further, household data did not indicate significant 

differences between wood heater users' and non-users' WTP responses (Chi-square = 8.020, 

df= 6, P = 0.237). 

As it might be expected, people's perceptions of air pollution influenced their WTP 

response. More than half of the respondents (51.9 per cent) who believed that emissions 

from solid fuel heating were harmful for human health had a positive WTP. In contrast, only 

21.9 per cent of respondents who believed emissions were not harmful were willing to pay 

some amount for cleaner air (Chi-square=30.694, df12, P=0.002). 
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Among the surveyed population who agreed that it was necessary to do something to reduce 

Armidale's winter pollution, 57.7 per cent were willing to pay for cleaner air. In contrast, 

among the respondents who believed it was not necessary to act to reduce air pollution in 

Annidale, only 11 per cent were willing to pay to reduce air pollution in Annidale (Chi

square = 57.545, df= 12, P<O.OOI). 

7.9 Discussion 

The main objective of the household study was to understand the community's perceptions, 

attitudes and WTP for wood heating and clean air in Armidale. 

Public education and awareness has been found to be a vital component of woodsmoke 

reduction strategies (Robinson et al. 1998). In May 1996 Annidale Dumaresq Council 

launched an educational campaign aimed at raising awareness about woodsmoke problems 

in Armidale, and at informing users of solid fuel heaters about the best way to operate their 

heaters, so that harmful emissions were minimised. Armidale Dumaresq Council also 

conducted a small survey (ACC 1996) on solid fuel heating prior to their education 

campaign. 

It is interesting to compare some of the present survey's findings with Annidale Dumaresq 

Council survey results to review the effectiveness of the campaign. 

The present household study found 53.3 per cent of households had some form of solid fuel 

heating, slightly less than that found in Council's survey in 1996 (56 per cent). 

The education campaign emphasised the importance of using dry and well-seasoned 

hardwood, since this gave more complete combustion and produced less woodsmoke (ADC 

undated). During the present household survey it was found that about 95 per cent 

respondents claimed to use hard wood for their wood heaters, compared to 54.8 per cent in 

Council's survey. 

There has probably been an improvement in the quality/type of firewood used by 

participating households. Whilst 92.5 per cent of present respondents indicated that they 
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always used dry wood, fewer households (59.5 per cent) indicated a similar practice in the 

earlier Council survey. 

There also have been some changes in the way households operate their wood heaters. It was 

found that 51.3 per cent of the respondents bum their wood heater 24 hours a day, which is 

slightly more than was found in the Council survey (41.0 per cent). 

One important component of the education campaign was to encourage people to keep their 

fire burning hot, not smouldering, and to let the fire go out at the end of the night. The 

present survey shows that fewer households (around 62 per cent) leave their wood heaters to 

bum slowly over night than at the time of Council's survey (78.8 per cent). 

From the present household survey it appears that while the Council's initiatives for proper 

use of wood heaters may have had some positive influence on user behaviour, public 

perceptions about air pollution are still relatively poor. The belief that emissions from wood 

heaters were harmful for humans was 52.7 per cent with the earlier ACC survey and 55.3 per 

cent in the present survey. 

To address the woodsmoke problem, some cities have introduced additional strategies along 

with educational campaigns. Three of these strategies, which have been enforced in other 

cities, were included in the present survey to assess wood heater users' attitudes towards 

them. The strategies included buying special non-polluting wood, not lighting the heaters 

\vhen requested by the EPA, and the introduction of a permit system. 

While 38 per cent of wood heater users agreed to pay some extra money for special non

polluting wood, 24 per cent were not willing to buy the special wood. 

For the option not lighting the heaters when requested by the EPA, only 35 per cent of the 

respondents were prepared to not light their solid fuel heater if the EPA requested; the main 

reason being that most users had no alternative heating arrangement. 

Interestingly, stronger support was found for a permit system. With a high permit cost 

($200), 50 per cent respondents indicated they would keep their wood heater. While around 

22 per cent of the households were willing to move to alternative heating arrangements, 
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some 28 per cent preferred to wait and compare the cost between a wood heater plus a 

permit and alternatives. 

From the above findings, however, it was not clear how successful this strategy would be in 

reducing woodsmoke pollution in Armidale. First, with higher permit price ($200), 50 per 

cent of the respondent indicated that they will still use their wood heater, and most of them 

used their wood heater every day and 24 hours of the day. Therefore the reduction of the 

other 50 per cent may not significantly decrease consumption of firewood in Armidale. Also 

since the demand for firewood in Armidale is price inelastic, a price increase will have a 

small impact on the reduction in consumption. Second, just because the respondents 

indicated that they would keep the wood heater did not necessarily mean that they would 

willingly buy permits. Some respondent's preferred not to give up the wood heater and to 

never pay for a permit. Third, since firewood is available in forests nearby in Armidale, 

some respondents would prefer to buy a pennit to keep their wood heater. They seem to 

believe that it would still be cheaper to have a wood heater if wood is collected from the 

nearby forest. It would not be possible to ensure that such wood was dry and in good 

burning condition. 

Looking at the responses to various policy options for reducing air pollution in Armidale, it 

emerged that the population was particularly against those options that were mandatory in 

nature. Respondents were more in favour of education rather than regulation. 

An interesting contradiction emerged from the study. While there was strong support for the 

policy measure of encouraging households not to light fires when there was air pollution, 65 

per cent of the users indicated that they were not prepared to do so at the EPA's request on 

high pollution days. This raises the question about the likely success of voluntary options to 

improve woodsmoke pollution in Annidale. 

The present study also used the contingent valuation method (CVM) to assess the 

willingness to pay for better air quality in Armidale. 

It was found that around 60 per cent of respondents stated zero WTP for clean air. Some of 

these responses could be interpreted as "protest" zero answers. While they may have a 
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positive WTP, they understate their WTP because they protest parts of the scenario. It was 

possible to suggest reasons for zero WTP: 

1. Zero responses were significantly more prevalent for persons who also did not report 

income, suggesting an unwillingness to reveal monetary values. A high proportion of 

respondents (75.0 per cent) who did not answer the income-related question had a WTP 

equal to zero. 

11. Some respondents with no wood heater felt that the payment system would be unfair, 

since it required payment from every resident regardless of whether they had a wood 

heater or not. Their rationale was that since domestic wood heaters caused almost all of 

Armidale's air pollution, those households with wood heaters should pay for this. 

111. Another class of possible protest answers were those who thought the scenarios do not 

apply to them. Perhaps the area these households belong to was less polluted than the 

scenario depicted in the photograph, and they believed that they would not be affected 

by such a situation. 

As people get older, there may be a natural decline in enthusiasm for emission abatement, 

willingness or ability to assign monetary values to a good such as clean air. Sometimes older 

people, especially retired people, have less income and may become less willing to pay for 

environmental improvement. It was evident from the household survey that the older age 

group had a lower WTP for cleaner air than did the younger generation. 

Household data suggested that males were more willing to pay for clean air than females. 

The results could be interpreted to mean that females were less concerned about air pollution 

problems. This was evident from the earlier discussion where 54 per cent of female 

respondents indicated that either they thought that emissions from open fires or solid fuel 

heaters contain substance harmful to humans was untrue or else they were not sure. Another 

explanation, mentioned by Belhaj (1998), could be that women were responsible for a 

household's economy and thus more constrained by its budget. Therefore they were less 

willing to pay for environmental goods. 

The present survey revealed that level of education significantly influenced WTP responses. 

Because of their higher education level, such persons may be more aware of ambient 

conditions and effects of air quality on their health than the population in general. Since 
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WTP would depend on perceived rather than real risk, the results for this sUb-population 

may reflect more informed WTP values than those of the general population. This notion is 

consistent with other WTP studies (Belhaj 1998; Farber and Rambaldi 1993). 

As expected, household income was highly related to WTP responses. This also reflects the 

correlation between income and level of education. Household data also suggested that 

larger households care more about the future and were willing to pay higher amounts for 

cleaner air. 

The study revealed that the public generally appeared concerned about air pollution. They 

were also aware of its harmful effects on heath. However, people were less ready to take 

responsibility for improving the environment. Most non-wood heater users were of the 

opinion that those who created pollution must pay for it. 

It was encouraging to find that people would be more prepared to limit the use of their wood 

heaters if alternative heating at a cheaper price were available. A consistent finding was that 

younger and more educated respondents were more aware of air pollution as a problem. 

They were also found to be more concerned about it and were generally more willing to pay 

for clean air. 
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CHAPTERS 

\VOODSMOKE POLLUTION CONTROL STRATEGIES 

S.l Introduction 

Chapter 8 has two parts. The first contains a summary of Armidale's particulate air pollution 

problem, a short description of the current situation and the health effects of particulate air 

pollution in Armidale, associated economic costs, and community attitudes towards wood 

heaters and woodsmoke. This part is based on analyses carried out in Chapters 3, 4, 5, 6 and 

7. 

The second part examines legislative and voluntary strategies adopted to control particulate 

air pollution in Australia and other countries. This part also evaluates the applicability of 

such strategies in Australia and suggests appropriate policy options to reduce Armidale's air 

pollution. 

S.2 Effect of Particulate Air Pollution in Armidale 

Solid fuel home heating is widely used in Armidale. There are 3,500 slow combustion 

stoves and 600 fireplaces operating in the Armidale area (Wall 1997). An Armidale 

Dumaresq Council survey showed that around 55 per cent of households used wood for 

\V"inter heating. Residents in Armidale consume approximately 17,000 tonnes of fuel wood 

each year. Around 150 tonnes of firewood are burned on a cold night, which produces up to 

2 tonnes of particulate matter (Wall 1997). The particulates are concentrated because 

Armidale lies in a shallow valley which experiences frequent night-time inversions from 

April to October. 

In Armidale, PM2.5 particulate air pollution is almost exclusively due to woodsmoke. The 

most polluted areas are East Armidale and south of the Central Business District (CBD). The 

highest pollution level is observed in the evening and at night when most people are at 

home. In an average year, more than 50 per cent of Armidale's winter days fall in the high to 

extreme category of the particulate pollution index. 
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In 1999, the mean daily average PM2.5 for the CBD was 13.9J-lg/m3 and 3 1. 8 J-lg/m3 for East 

Armidale. The maximum average (l-hour) in the CBD was 186.7J-lg/m3
, and 325.9J-lg/m3 in 

East Armidale. 

Armidale Air Quality Group estimated the population exposure for Armidale to be 

20.4J-lg/m3 from April to September, 5.6Jlg/m3 in October and assumed no particulate 

pollution from November to March. Thus the average annual exposure could be considered 

as 10.67J-lg/m3 PM2.5. 

One important reason for controlling air pollution from particulate matter is the damaging 

effects it has on human health. These effects include premature death as well as an increase 

in daily hospital admissions for respiratory diseases, increased acute attacks of asthma and 

other respiratory diseases. Chapters 4, 5 and 6 estimated the heath and economic costs 

related to particulate air pollution in Armidale. 

Calculations of the health effect in Chapter 4 used dose-response coefficients established by 

several studies. Using 10.67J-lg/m3 for the average PM2.5 concentration, and a mortality 

dose-response function of between 0.2 and 1 per cent for each IJ-lg/m3 change in PM2.5 (as 

lower and upper bounds), between 4 and 19 deaths are estimated to occur each year due to 

particulate air pollution in Armidale. 

In terms of the money value of life, the literature suggests that the statistical value of a life is 

between A$I.6 million to A$6.5 million. Therefore, the economic cost of air pollution in 

Armidale for the lower bound of mortality estimates of 4 deaths per year would be between 

A$6.5 million and A$25.6 million. For the upper bound of mortality estimates of 19 deaths 

per year, the economic cost would be between A$30.4 million and A$121.6 million. 

Theoretical estimates showed that in terms of morbidity, the existing level of particulate air 

pollution in Armidale causes between 774 (lower bound) and 1,730 (upper bound) restricted 

activities days (RAD). The annual cost of RAD for Armidale is between A$94,713 and 

A$211,715. 

The total economic cost of the current levels of particulate air pollution in Armidale, with 

the very conservative estimate (lower bound) of total mortality and morbidity (only RAD) 
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would be between A$6.5 million and A$25.7 million per year. It is acknowledged, however, 

that these estimates assume that Annidale's average exposure of 10.67 for PM2.5 (with 

extreme peaks and troughs) is equivalent to a continuing exposure at this level. It may be 

that the annual health effects would be worse because there is far greater morbidity and 

mortality during peaks, or they could be better because there is time to recover during the 

troughs. This is an area for future research. 

Morbidity studies measuring the effect of air pollution on respiratory illness and asthma are 

recognised as a valid measure of the impact of air pollution in Australia. Chapters 5 and 6 

provided an empirical analysis of Armidale air pollution and health effects. 

The survey of clinical events presented in chapter 5 assessed the impact of particulate air 

pollution on the proportion of respiratory visits to GP clinics. The analysis of data from local 

GP clinics gathered over the period of study shows a significant association between 

particulate air pollution (PM2.5) and the occurrence of respiratory symptoms requiring a 

GP's attention within the population of Armidale. Total respiratory visits were found to be 

significantly correlated with 2-day lagged particulate air pollution. 

The Analysis of proportions model demonstrated a positive statistical effect of air pollution 

on the incidence of respiratory symptoms. At average values of minimum temperature and 

air pollution, 14.8 per cent of all patients had respiratory illness. The results also indicated 

an increase of about 0.08 per cent in the proportion of respiratory patients in response to a 

1 J.lg/m3 increase in PM2.5 particulate pollution. 

Chapter 6 of the study assessed the economic costs associated with particulate air pollution 

in Armidale. Using Poisson regression, the total number of respiratory patients were 

decomposed into those caused by air pollution and those due to other causes. The estimated 

number due to air pollution was then multiplied by the estimated cost. 

The findings showed that during the survey period, the average number of respiratory 

patients in Armidale due to particulate air pollution was 7.45 persons. Considering the costs 

and expenses arising from ailments, the average daily economic cost of respiratory 

symptoms due to particulate air pollution was estimated to be A$1,125. 
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The above economic cost is a conservative estimate and considers only the direct medical 

costs. Dollar outlays were measured in terms of doctors' usual charge to Medicare for clinic 

visits, cost of drugs and estimated loss of time on the basis of wage rate. The study did not 

take into account the cost of preventive or defensive measures and other costs, such as X

rays, hospital visits, alternative medicine, etc, associated with sickness and it also ignored 

the cost of "pain and suffering". However, the estimate is important because it shows the 

severity of the problem and provides both an incentive for environmental controls and a 

means for evaluating the benefits of specific pollution control policies. 

As community awareness IS essential to the success of any system of environmental 

management, Chapter 7 dealt with the household survey conducted to investigate 

behaviours, perceptions and attitudes of the public towards wood heater and air pollution in 

Armidale. It was evident that the community were not fully informed about the adverse 

effects of woodsmoke. Around 52 per cent of wood heater owners in Armidale did not know 

that emissions from solid fuel heaters were harmful. When evaluating the policy options to 

reduce the woodsmoke problem in Armidale, it seemed that the community had strong 

resistance towards mandatory policies, and preferred options which are voluntary in nature. 

When the survey enquired from respondents their willingness to pay, only around 38 per 

cent were willing to pay some amount of money for the clean air. Interestingly, a strong 

positive correlation was observed between willingness to pay and eduction levels of the 

respondents. 

8.3 Strategies to Control Woodsmoke Pollution in Armidale 

The second objective of Chapter 8 is to examIne the strategies, both legislative and 

voluntary, for woodsmoke control adopted in Australia and elsewhere in the world. The 

chapter then reviews the existing policies in Armidale and suggests possible policy options 

to reduce air pollution in Annidale. 

8.3.1 Regulation Versus Economic Instruments 

The "command and control" system of regulation has been the most commonly used 

instrument for the management of pollution. Economists have long argued that economic 
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instruments can reduce pollution more effectively than narrow regulatory prescriptions (Hall 

and Walton 1996). However, the application of economic instruments is limited in the area 

of woodsmoke pollution. 

Command and control mechanisms rely on legislative and regulatory provisions and are 

implemented through directives from regulatory authorities. Until recently, regulations were 

almost the only instruments used for environmental protection (James 1997). 

In contrast, economIC instruments operate through market processes or other financial 

incentives. Although they take effect through various price and/or quantity controls, they 

usually allow for adoptive choice and decentralised decision-making by those whose 

behaviour is to be modified. In reality, the distinction between regulation and economic 

instrument often overlaps, as any system of economic instruments usually requires 

appropriate legislative or regulatory backing (James 1997). 

A strong argument in support of economic instruments is that they provide incentives for on

going improved efficiency and environmental performance, for example, in relation to 

innovation, environmental protection technologies and environmental management 

practices. The same incentives may not be apparent in command and control systems. 

In terms of effectiveness in achieving environmental objectives, the most successful 

instruments are those that specify quantity or quality constraints or standards. There is some 

uncertainty about the effectiveness of pricing controls based on the user-pays principle to 

achieve the desired level of environmental protection. Price increases may not always 

effectively promote conservation of resources because users may not change their behaviour 

to the desired amount when faced with an incremental change in their costs. That is, there is 

uncertainty about the effect of the instrument. 

In practice, incentive effects may not be the pnmary objective in USIng economIC 

instruments. Economic instruments can also be used to cover the administrative costs of 

regulatory functions, such as standard setting, monitoring and enforcement. It is possible to 

design economic instruments mainly aimed at revenue raising, rather than behaviour 

modification. 
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Environmental control costs may not represent a large proportion of total cost for 

households, so there may be little incentive to respond to price signals. In the management 

of some environmental problems, direct regulations have often been needed to provide the 

stimulus for improvement, economically as well as environmentally. 

8.3.2 Policy Options 

A successful community-wide woodsmoke reduction plan would probably include several 

control strategies. The final plan should focus on strategies deemed appropriate and 

workable for the particular community. The strategies are discussed in relation to experience 

in other cities and their applicability in Armidale. 

8.3.2.1 Performance of wood heaters 

There are ways to minimise smoke emissions from households that use wood as a domestic 

heating fuel. These techniques could improve the performance of the heater, cut down on 

maintenance and reduce air pollution. Four methods for reducing smoke are discussed 

below. 

Type of Wood Heater 

It is important to choose an efficient wood heater, which has low smoke emission. In the US, 

'wood heaters have been regulated for some time by the USEP A. Heaters must be tested and 

their emissions monitored to determine the level of particulates they produce. Heaters cannot 

be sold to the public unless their particulate levels meet the USEP A emission standard. The 

sale and installation of used uncertified stoves was banned in Oregon, US from 1991 (Appel 

1992). 

In 1994, British Columbia, Canada introduced regulations requiring all new wood heaters to 

meet low emission standards and restricted the use of wood heaters in some areas based on 

weather conditions, including no bum periods (Ministry of Environment Lands and Parks, 

BC 2000). 
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NSW, Tasmania and the ACT made it a legal requirement for all heater models to be 

independently tested. Most heaters sold in recent years in Australia have undergone such 

testing. The regulations require wood heaters on sale to comply with AS-4013, which 

specifies particle emissions (EPA NSW 1998). 

Installation 

The installation of wood heaters is currently regulated under the Building Code of Australia 

(BCA). The BCA requires the wood heaters to be installed in compliance with AS-2918 

(EP A Victoria 2000). While this standard focuses more on safety than environmental 

concerns, it sets requirements relating to flue exits and adherence to manufacturers' 

specifications - including non-interference with the heater's emissions controls. 

The fitting of flues is also important in terms of the impact on air quality in the vicinity of 

the flue. Although the height and location of a flue do not influence the level of emissions, 

appropriate design can reduce nuisance smoke significantly. It would be appropriate to take 

into account the height of surrounding residences when installing a wood heater flue. EPA 

NSW (1998) recommend that a flue outlet is at least one metre above any structure within a 

15 meter horizontal radius. 

Operating a Wood Heater 

Tests have shown that the same heater with the same firewood will produce up to four times 

as much smoke if poorly operated (Todd 1998). The recommended integral measures should 

include methods to reduce woodsmoke emissions from a wood heater by improving wood 

burning operation and maintenance practices, and by modifying wood burning conditions. 

These include: 

1. Measures to reduce the moisture content of firewood by regUlating the amount of 

moisture in firewood sold, and banning the use of wet firewood. The program should 

require wood dealers to have their wood "certified" for moisture content prior to sale. 

Fines should be imposed on wood dealers who sell wood that is not certified. 

11. The household survey of residents in Armidale (Chapter 7) showed that while around 70 

per cent of the respondents buy their firewood from dealers, 30 per cent collect their 
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firewood. The proposed restrictions on the sale of wet firewood would regulate the 

former; the ban on the use of wet firewood would regulate the latter. 

111. It is also important to adopt appropriate wood burning habits, which may include: 

- The fire should be started with timber kindling and once well-established, further 

fuel should be loaded gradually. 

- The existing load should be well alight before re-Ioading. 

- More complete combustion is achieved by keeping the fuel size small and loosely 

packing it so that good contact occurs between oxygen and the fuel. 

In King County, Washington State, all non-certified wood heaters must be removed before a 

house can be sold. Regulation also governs how users store their firewood; only seasoned 

firewood may be burned. Firewood dealers must be licensed and they must alert buyers if 

the moisture content is greater than 20 per cent (Appel 1992). The regulation also authorises 

the Department of Public Health to institute a proficiency test for wood stove. operators. 

Regulation governing the quality of fuel wood for sale is in place in Western Australia. This 

requires that the maximum moisture content of firewood for sale is 20 per cent. The 

regulation also prohibits the sale of firewood that is painted, chemically treated or coated in 

plastic. 

Home Insulation 

The purpose of the insulation program is to improve the energy efficiency of homes burning 

wood heaters so that less wood is burned and hence, particulate pollution reduced. To 

improve energy efficiency, in addition to installing insulation materials, fitting weather seals 

around doors and windows and lining to curtains will help reduce heating needs. Low

income homes possibly have the greater need for insulation and hence should be the focus of 

any financial incentive program. Financial incentives could include low-interest loans, cash 

grants, and tax credits. 

In Butte, Montana, homes with wood heaters are subjected to stringent insulation 

requirements. In Medford, Oregon, residents installing new wood heaters must meet 

minimum insulation requirements and all wood-heater homes must meet the same insulation 

requirements prior to sale or rental. In Klamath County, the project PURE included a home 
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insulation program that achieved a 48 per cent reduction in first year energy use for treated 

homes with an energy savings ofUS$81.50 per home (Oregon DEQ 2001 b). 

Despite the obvious benefits from insulation in Armidale, 47 per cent of houses built in 1992 

had no ceiling insulation other than reflective foil, and 67 per cent had no wall insulation 

(Robinson et al. 1998). ADC has since introduced a mandatory insulation policy and council 

will refund building application fees if the plans meet 5-star solar and insulation ratings. 

8.3.2.2 Change-out programs 

Regulating the sale of wood heaters will have limited impact on air quality in the short term, 

as it will not affect the use of open fires and wood heaters currently installed. Wood heaters 

typically have a life of 20 years before needing replacement (EPA Victoria 2000). Open 

fires effectively last as long as the building. The change-out program aims to replace old 

wood heaters with new less polluting wood heaters or with an alternative energy source such 

as electicity, gas or oil. 

In principle an incentive payment can be directed either at the capital cost of the conversion 

or at the ongoing costs, or both. As the Tamar Valley study (Atech Group 2001) found, 

effective options include: 

1. A capital grant funded directly from the scheme. 

11. An interest free loan, with the full interest cost charged to the scheme. 

111. A reduced interest loan, with the cost of the subsidy charged to the scheme. 

Old heaters can emit up to 10 times the amount of particulates of newer wood heaters (Todd 

1998). The advantage in new heaters results from new technology and design improvements 

that, among other things, increase the air tightness of the stove. Emissions rates for new 

wood heaters are determined by EPA-certified testing and are reported by the manufacturer. 

It is important to note that the manufacturer's instructions for operation must be followed to 

realise the reported emission rate. 

Change-out programs have been introduced in some countries such as the UK, USA, Canada 

and Norway. The aim of these programs is to increase the rate of turnover of older wood 
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heaters and the replacement of open fires. The policy instruments applied in different places 

vary and include a combination of financial incentives and/or regulations, coupled with 

community education programs. Some examples are given below: 

United Kingdom Experience 

The London smog of December 1952 led to the creation of the Committee on Air Pollution, 

which resulted in the 1956 Clean Air Act. The Act prohibits the burning of high volatile 

bituminous coal on traditional grates in designated smoke control areas, which until 

recently, covered over one-third of UK dwellings (Quraishi 1987). 

The difficulty in regUlating the already installed coal-burning appliances was recognised in 

the Clean Air Act which included a provision authorising a direct subsidy of 70 per cent of 

the cost of a clean-burning replacement coal heater. The contribution of the central 

government was 40 per cent with the local government making up the remaining 30 per 

cent. In the case of hardship, the grant may cover the full cost of replacement, the discretion 

being with the local government. 

Norway Example 

In Oslo, subsidies of around A$700 are offered for wood heater 'Changeovers' (EPA 

Victoria, 2000). 

USA Experience 

In the winter of 1994, Lakeview, Oregon, received a grant of US$200,000 to replace wood 

stoves. The Program called CLEAR offered zero-interest deferred loans of up to US$3,500 

for removing and destroying non-certified wood heaters (Oregon DEQ 2001a). It also 

allowed for the installation of alternative heat sources. 

In Crested Butte (Colorado, USA), residents were required to replace their heaters within 

three years or face a financial penalty - this resulted in only 1 per cent of residents replacing 

their heaters. Consequently, further action was introduced in the form of public education 

and provision of subsidies (up to $US800) for heater changeover, co-funded by the industry 

143 



and USEP A. The end result was a significant reduction in old heaters and emissions and a 

noticeable improvement in air quality (EPA Victoria 2000). 

In Mammoth Lake (California, USA), a program was introduced under which uncertified 

wood heaters and open fires were required to be replaced or rendered inoperable when a 

house was sold. It is expected that in 15 years time this will result in 90 per cent of such 

heaters being out of action. 

In the Klamath Falls area, the Health Services Department runs a home insulation and 

uncertified woodstove replacement program called the Particulate Urban Resource, or PURE 

(Oregon DEQ 2001b). Wood stoves are replaced by natural gas appliances, electrical, 

propane oil and geothermal heating systems and in some cases EPA phase-II certified wood 

heaters. This change-out program has prevented approximately 98 tonnes of pollutants from 

getting to air annually (Oregon DEQ 200Ib). 

Australian Example 

The Launceston, Tasmania scheme subsidises half of the capital cost for replacing old heater 

with a new wood heater, and places an emission limit of 2g/kg compared with the AS-4013 

standard of 3.5g/kg (Environment Australia 2001). 

Review of Change-Out Programs 

The success of these types of program depends on several factors. If most change-out occurs 

between old and new wood heaters, then the outcome is uncertain. According to Todd, cited 

in Atech Group Report 2001) new wood heaters produce about half the pollution of older 

wood heaters (non-certified heater emissions are 7g/kg and AS-4013 heaters 3.5g/kg) but 

success depends on their correct operation. A single incorrectly operated AS-4013 wood 

heater can produce as much particulate pollution as heating the entire town of Arrnidale with 

natural gas (AAQG 1999). 

ADC operated a change-out program in 1998. ADC offered a total of 81 loans to replace 57 

wood, 19 gas and 5 electric heaters. The average wood heater loan was A$1 ,818. According 

to the AAQG, the change-out program was unsuccessful (AAQG 2000). The Armidale 
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experience showed little benefit in replacing an old wood heater with a new one, especially 

if there were no resources to ensure that heaters were operated correctly. Similar experiences 

in other cities suggested that it is more effective to decrease the wood smoke problem by 

eliminating or decreasing dependency on wood by using an alternative fuel such as gas, 

electricity or oil. 

Christchurch, New Zealand, which had a scheme for replacing old wood heaters by new 

heaters. has since decided to phase out all solid fuel heating. This includes even new heaters 

installed in very recent years and emitting less than 1.5g/kg of smoke, a much stricter 

standard than AS-40 13. 

Effective from 2000, the cities of Palo Alto, Los Gatos, Petaluma, San Jose and Morgan Hill 

in California have adopted an ordinance prohibiting the construction of new wood burning 

fireplaces in residential and commercial buildings (Fernandez 2001). New structures may 

only install gas burning fireplace. 

In Klamath Fall, Oregon, 90 per cent of old wood heaters were replaced by alternative 

heating (Appel 1992). 

In San Francisco, the "great stove change-out" ran from January 15 until February 28, 1998. 

The program offered residents of Northern California the chance to tum in their old stove 

and receive a rebate on a new cleaner burning appliance. During the first two weeks of the 

program, 117 old pre-USEPA certified wood stoves and fireplace inserts were turned in and 

scrapped. In the Bay area, the vast majority of the wood stoves were replaced with natural 

gas models (BAAQMD 1998). 

The US change-out programs are considered more successful than that in Armidale, because 

the programs managed to change old heaters to alternative heating rather than to new wood 

burning heaters. All US change-out programs employed smoke patrol officers to monitor the 

smoke condition and instituted an education campaign. 

Armidale Development Corporation proposed a A$20 million proposal to get the natural gas 

pipeline extended to Armidale. This might help increase gas heating in Armidale and reduce 

the number of wood heaters and hence, woodsmoke pollution. 
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Recently, the NSW government announced a three year, A$6 million Clean Air Fund to 

tackle sources of domestic pollution. The Fund allows Councils to develop and implement 

programs that target local air pollution. The Fund also provides cash subsidies of up to 

A$700 to families. The pilot program involves five NSW towns: Armidale, Albury, Cooma, 

Lithgow and Orange. 

8.3.2.3 Smoke Patrols 

One of the main causes of woodsmoke pollution is the incorrect use of wood heaters. As 

long as wood heaters, new or old, are operating, it is important to monitor the woodsmoke 

emission from these heaters. To monitor and control the situation, many US cities have 

introduced smoke patrol officers ("smoke cowboys") who act somewhat like a parking 

enforcement officer. The approach is based on the key assumption that a small proportion of 

wood heater users accounts for a large proportion of the woodsmoke problem. 

The main duties of a smoke patrol officer could include (as mentioned in the Tamar Valley 

study): 

1. Identification of smoky heaters, including in the late evenings and early morning; 

11. Entry and inspection to determine the cause, which could be wet wood, poor operation, 

faulty installation, or a choked flue; 

111. Face-to-face instruction for sourcing and storage of firewood, the correct operation of a 

wood heater to ensure it is both functional and environmentally safe, and on the impact 

of woodsmoke on air pollution and public health; 

IV. Follow-up to ensure compliance, including collection of evidence and issue of warning 

and fine as appropriate; 

v. Follow-up with firewood and equipment suppliers, including warnings and fines as 

appropriate; and 

VI. Development of a database to facilitate further analysis and understanding of 

woodsmoke causes and the effectiveness of management actions. 

The success of the program relies on the ability of officers to change the operating practices 

of offending households. Clearly they need appropriate training to understand the 
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relationships between wood heater operation, visible smoke, particulate pollution and health 

effects. The officers need to motivate people by identifying discrepancies between attitude 

and action, that is, where a household expresses an attitude of concern about particulate 

pollution and its health impacts, but acts in a manner contrary to those attitudes. 

In contrast to such a more-or-Iess advisory approach, Washington State law prohibits 

chimney smoke in excess of 20 per cent opacity at any time. A citation is issued whenever 

inspectors observe smoke exceeding the State standard. Fines range from US$100 for the 

first offence to US$250 for a second or subsequent offence (Makut and Fry 1992). 

8.3.2.4 Curtailment programs 

W oodsmoke curtailment programs aIm to restrict wood burning during periods when 

atmospheric conditions and the level of wood burning activity result in predicted ambient 

concentrations of woodsmoke in excess of an accepted level. The program should include 

the following components: (i) public awareness, (ii) forecasting and prediction, (iii) public 

notification, (iv) exemptions, (v) enforcement and (vi) tracking. 

Curtailment programs have been in operation for many years in the US. They involve 

forecasting air stagnation conditions each day in staged green, yellow and red day fonnats. 

Green advisories are issued when violation of the National Ambient Air Quality Standard 

(~AAQS) is unlikely. Wood burning is unrestricted, but households are asked to use good 

wood burning practices. 

Yellow advisories are issued for periods when air pollution is approaching accepted level as 

set by NAAQS. The public is asked not to bum in uncertified wood stoves except where 

such wood stoves are the sole source of heat. 

Red advisories are issued for periods where an exceedence of the NAAQS is anticipated. 

The public is asked not to bum wood in their wood heaters. 

A curtailment program could be either voluntary or mandatory. The town council in 

Lakeview and the Lakeview County Board of Commissioners formally adopted a voluntary 
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wood burning curtailment program in 1995 (Oregon DEQ 2001a). Likewise, a voluntary 

curtailment program was established in Klamath Falls in 1989. In 1991, it was necessary to 

alter that effort to a mandatory program, coordinated through the Department of Health 

Services in Klamath Falls County (Oregon DEQ 2001b). Wood heater owners were required 

to register their stoves with the county. Curtailment exemptions are offered for low income 

and sole source wood burners. Similar mandatory wood burning curtailment ordinances 

have been passed in Juneau, Alaska; Medford, Oregon; and in Reno, Nevada (Hough et ai., 

1992; Kay 2001). 

In communities where smoke is a problem, British Columbia (Canada) has prohibited wood 

burning on days when atmospheric dispersion is poor. 

Sydney, NSW, has voluntary curtailment of woodsmoke emissions on high pollution days. 

In Sydney anyone installing a new AS-4013 heater is reminded that they should obey the 

EPA's 'Don't Light Tonight' requests, not to use wood heaters when high pollution is 

forecasted (EPA NSW 2000). 

The households survey in Armidale showed that 65 per cent of the respondent were not 

prepared 'not to light' their solid fuel heater if EPA requested, which questions the likely 

success of voluntary curtailment. The main reason was that the users had no alternative 

heating arrangement. 

8.3.2.5 "Polluter pays" 

Wood Heater Permit 

One market approach to solving the environmental problems is based on a pollution permit 

system. This idea was first published by Dales (1968a, 1968b) although theoretical and 

practical issues were more extensively addressed by Tietenberg (1980). 

The "polluter pays" principle could work in two ways. Firstly, all wood heaters would be 

registered with council and users would pay an annual "polluter fee". This will increase the 

cost of using the wood heater, and this increased cost might lead to a reduction in wood 
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heater usage. However, there may be some uncertainty about the effectiveness of pricing 

controls based on the polluter pays principle in achieving the desired level of environmental 

protection. A price increase may not always effectively promote conservation of resources 

because users may not change their behaviour when faced with an incremental change in 

their cost. For example, the household survey in Armidale suggested that the use of a permit 

price would have a relatively small effect on the demand for firewood. The inelastic nature 

of demand means that with a higher effective price, consumption will decrease, but only by 

a small amount. 

Secondly, the payment system may not be designed to achieve air pollution goals directly. 

Instead, it is possible to design the system to raise funds which could be used to support 

education programs, smoke patrols and other measures to reduce pollution. 

Using Wall's (1997) estimate there are approximately 3,500 wood heaters in Armidale, if it 

was possible to introduce an entitlement permit of $60 per wood heater annually, the 

collection would be around $210,000 annually. The amount could be spent to fund the cost 

of woodsmoke patrol and community educations. Another option could be a one-off 

entitlement fee of $200 per woodheater, which would create a pool of money ($700,000) for 

carrying out woodsmoke patrol and educational campaign on particulate air pollution and its 

adverse health effects in Armidale. 

Crested Butte, Colorado, imposed a US$30 month "polluter-pays" tax on owners of non

certified wood heaters. There were 349 conventional and 85 USEP A certified wood heaters. 

The policy reduced pollution by 50 per cent. Half of this was attributed to outright removal 

of 90 heaters and half to the replacement of 191 heaters with new US EPA certified heaters 

U\BC 1998). 

Telluride, Colorado, has strict control over wood heater use. To install a new wood heater, 

households must purchase two permits, costing approximately US$2,000 (ABC 1998). 

Fines 

The threat of fines for operating heaters in an environmentally unsatisfactory manner has 

resulted in a significant reduction in smoke levels in many areas. In Albuquerque, New 
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Mexico, the first offence for woodsmoke violation is punished by a fine of US$300 or 90 

days in jail, or both (Stapp and Harley 1992) 

In July 2001, Armidale Dumaresq Council decided to crack down on air pollution through 

fines - initially A$320, followed by A$7S0 for non-compliance under the Protection of the 

Environment Administration Act. Armidale is the first city in Australia to introduce new 

laws to reduce the output of smoke emissions from wood heaters. However, it is too early to 

evaluate the effectiveness of this policy on reduction of woodsmoke pollution in Armidale. 

8.3.2.6 Education programs 

Public awareness and eduction is critical for the success of any woodsmoke emission control 

program. The local or lead planning agency should provide sufficient resources and staff to 

develop programs that educate the public about: 

1. Health risk of wood smoke; 

11. Proper wood burning operation and maintenance; 

111. Relevant state, local, and EPA Regulations; 

IV. Heating fuels and practices; and 

v. Available stove types, including their emissions and relative efficiencies. 

Council could organize meetings, workshops and seminars on woodsmoke reduction issues. 

The events may take place in homes, schools, health facilities, and community centres. 

Public awareness programs could include radio announcements, posters, bulk mailing, 

newspaper articles, distribution of information on the health effects of woodsmoke, public 

speaking engagements and forums on PM2.S (wood smoke) and its health effects, proper 

woodburning methods and local ordinance requirements, and coordination with wood 

heaters and home heating device dealers, government agencies and public service 

organisations. 

Campaigns in Australia have focused on educating people on how to operate their heater 

correctly rather than why woodsmoke is a problem. The harmful impact of woodsmoke on 

ISO 



human health has received little attention. Eduction programs in Australia have had 

considerable difficulty getting over the message that woodsmoke is harmful. For example, 

ADC and the EPA conducted eduction campaigns on woodsmoke from 1996 onward. 

However, the household survey shows that 52 per cent of wood heater owners were still 

unaware that woodsmoke is harmful. 

One important component of the eduction campaign is to encourage people to keep their fire 

burning hot, not smouldering, and to let the fire go out at the end of the night. However, the 

Armidale household survey found that around 62 per cent of respondents left their heater 

burning slowly overnight by lowering the air controls, a further 4.4 per cent often did this 

and around 9 per cent sometimes did. 

Education programs in Australia have generally failed to persuade people to operate heaters 

correctly. 

US woodsmoke reduction strategies appear to have been more successful. Based on years of 

experience of woodsmoke reduction programs, Stoneman and Pace, USEP A (1992), 

emphasised that measures critical to the success of any residential woodsmoke control 

program were education on the health effects of woodsmoke, mandatory curtailment when 

smoke was likely to build up and restrictions on the performance of woodstoves installed. 

Also recommended were taxes and incentives to discourage use of wood burning devices in 

new houses and to encourage a reduction in the total number of wood burning devices. 

C nless owners understand why they should take the time and trouble to operate heaters 

correctly, they will not be motivated to do so. Recognising that regulation and enforcement 

alone cannot solve the problem of wood burning, the Paget Sound Air Pollution Control 

Agency, Washington State, employs a public educator to explain the programs. The single 

most important eduction message that the Agency has emphasised is 'W oodsmoke is more 

than a nuisance, it is a health hazard' (ABC 1998). 
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8.4 Policy Options to Reduce Air Pollution in Armidale 

The process of developing wood burning strategies must be both effective and politically 

palatable, and it is an evolutionary process. Based on the household survey and research of 

existing programs, some policy options for reducing woodsmoke in Annidale are presented 

in the discussion below. 

Until recently, Armidale's control strategy was toward public eduction, mandatory home 

insulation and a change-over program. However, the results indicated that these efforts alone 

were inadequate to achieve the expected outcomes, although they were a necessary part of 

the woodsmoke solution. 

The control measures have to be predominantly more preventive in nature and more 

permanent in scope. After understanding the severeness of problems, health effects and 

associated costs, it is important to take an integrated and comprehensive approach to 

improve the situation. The long-run objective of Armidale air pollution control strategies 

should be a "smoke free" Armidale, and the short-run objective to markedly reduce the 

smoke pollution. 

The following policy options are recommended to achieve the long-term objective of a 

smoke free Armidale. 

1. Possibly, the safest course of action to achieve the long-run obj ective of a smoke free 

Armidale is to discourage new wood heaters in Annidale. It is important to have 

regulations to ban the installation of solid fuel heaters in new houses. 

11. Replacement of wood heaters through various incentives and requirements. 

In many cases, implementation of these two policies could be expensive to both public and 

government and difficult to enforce. Such measures demand a strong partnership between 

state and local government agencies and the pUblic. To achieve public support, ADC should 

develop a comprehensive public awareness campaign to educate the public about the extent 

of the problem, especially the harmful health effects of woodsmoke. 
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The second set of strategies are related to the short-run objective, to reduce woodsmoke 

from existing wood heaters: 

1. A vigorous campaign, mainly targeting wood-heating households, about the importance 

of the correct operation of wood heaters. Council must provide material on correct 

operation of wood heaters, health effects of woodsmoke, and a penalty for incorrect 

operation. 

11. Employing a smoke patrol officer to monitor the situation. The officer must be equipped 

with a mobile phone to respond to complaints, witness emissions and take action to 

remedy the situation. 

Ill. Mandatory curtailment, "Don't Light Tonight" requests, issued when high pollution is 

forecast. 

IV. Continue existing polices such as mandatory home insulation and Council's new laws 

providing for fines of more than A$300 for a first offence and A$750 for repeats 

offenders. 

v. A "polluter pay" permit system (say A$200) should be introduced. This will discourage 

wood heaters, and the revenue used to support an education campaign and smoke patrol 

costs. 

VI. Financial assistance programs for lower income groups for replacement of existing 

wood heaters with cleaner alternatives. 

VII. Encouragement by ADC to improve the energy efficiency of dwelling and provision for 

further research on solar heating in Armidale. 

In the light of the household survey in Armidale, it is important to note that public education 

and awareness will have a crucial role in achieving the goal of smoke free Annidale. As 

evident from the survey, the community in Armidale generally was suspicious of economic 

instruments and resistant towards mandatory policies. Overseas experiences suggest that 

public support for economic instruments and financial mechanisms will be most favourable 

where it can be shown that funds are being allocated to environment programs and projects. 

To be effective, the program should be tailored to the prevailing attitudes towards wood 

heaters and wood burning habits of the community in Annidale. The scope and nature of the 

air pollution control program in Armidale may need to be adjusted as the characteristics of 

pollution and the popUlation changes over time. 
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CHAPTER 9 

SUMMARY, CONCLUSION AND RECOMMENDATIONS 

9.1 Summary and Conclusion 

The harmful effects of air pollution have long been known. Epidemiological studies have 

consistently shown an association between particulate air pollution, especially with fine 

particles, and mortality and morbidity. Until about 1980, it was considered that mortality 

and morbidity did not increase unless the levels of particulate and other pollution passed a 

threshold level. Recent epidemiological studies have established mortality and morbidity 

responses at low levels of particulate pollution. The results of these studies have been both 

coherent and consistent. 

The convergence of epidemiological results suggests a clear role of particulates, especially 

fine particulates, in triggering a number of adverse health effects including increased rate of 

lower respiratory symptoms, upper respiratory symptoms, increased hospital admissions, 

increased emergency room visits, asthma attacks, a decrease in lung function and increased 

m011ality. 

Particulate pollution health effects have been associated with different particulate size 

fractions. Small particles, such as those from fossil fuel combustion, are likely to be the 

nlost dangerous, because they can be inhaled deeply into the lungs, settling in areas where 

the body's natural clearance mechanisms are unable to remove them. There is no threshold 

concentration of either PM10 or PM2.5 below which adverse health effects have not been 

observed. 

W oodsmoke consists almost entirely of fine particles. Emissions from domestic wood 

heaters are an increasing and potential harmful source of air pollution in Australia. The 

adverse health effects of woodsmoke pollution have been studied in the US and other 

countries, but despite substantial quantities of pollution generated by wood burning, little 

research has been carried out in Australia. Armidale, a small town in the NSW, provided an 

ideal testing ground for investigating the adverse effects of woodsmoke because the air 

pollution in the locality is almost totally due to wood burning. 
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The main objective of the study was to estimate the effects of particulate air pollution in 

Armidale in terms of health status and economic cost. A three-stage approach was taken to 

identify and quantify the association between particulate air pollution and health related 

effects in Armidale. 

The first stage involved a theoretical estimation of the economic cost of particulate air 

pollution in Armidale. The computations of health effect in Chapter 4 are based on dose

response coefficients established in recent studies. The calculation was carried out using 

I 0.67~g/m3 for the average PM2.5 concentration and a mortality dose-response function of 

0.2 and 1 per cent for each 1 ~g/m3 change in PM2.5 as lower and upper bounds. It was 

estimated that between 4 and 19 deaths occur per year due to particulate air pollution in 

Armidale. 

From the literature, the worth of a human life is statistically between A$1.6 million and 

A$6.5 million. The economic cost of air pollution in Armidale for the lower bound mortality 

estimate of 4 deaths per year, is thus the range between A$6.4 million to A$25.6 million. 

For the upper bound mortality estimate of 19 deaths per year, the range becomes A$30.4 

million to A$121.6 million. In terms of morbidity, the existing levels of particulate air 

pollution causes between 773.8 (lower bound) and 1,729 (upper bound) restricted activities 

days (RAD). The annual cost of RAD for Armidale is in the range of A$94,713 to 

A$211,715. 

The total economic cost of the current levels of particulate air pollution in Armidale, using 

conservative estimates of total mortality (lower bound) and morbidity (only RAD) are in the 

range of A$6.5 million to A$25.7 n1illion per year. These estimates are based on the 

assumption that Armidale's average exposure of 1 0.67~g/m3 for PM2.5 (with extreme peaks 

and troughts) is equivalent to a continuing exposure of this level. 

The second stage of the study involved a survey of clinical events. This part of the study 

empirically estimated the statistical relationship between respiratory morbidity and 

particulate air pollution in Armidale. 

The survey of clinical events presented in Chapter 5 examined the impact of particulate air 

pollution on the proportion of respiratory visits to GP clinics. The analysis of data from local 
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OP clinics gathered over the period of study showed a significant association between 

particulate air pollution (PM2.5) and the occurrence of respiratory symptoms requiring a 

OP's attention within the population of Armidale. Total respiratory visits were significantly 

correlated with 2-day lagged particulate air pollution. The model AnalysiS of proportion 

statistically demonstrated a positive effect of air pollution on incidences of respiratory 

symptoms. At average winter values of minimum temperature and air pollution, about 14.8 

per cent of all patients had respiratory illness associated with air pollution. 

Chapter 6 assessed the economic costs associated with particulate air pollution in Annidale. 

Using Poisson regression, the analysis decomposed the total number of respiratory patients 

into those caused by air pollution and those due to other causes. The estimated number due 

to air pollution was then multiplied by the estimated cost. The findings showed that during 

the period of survey, on average 7.45 respiratory patients were due to particulate air 

pollution in Annidale. The average daily cost of pollution induced respiratory illness was 

$1,125 during the survey period. 

The economic estimates in this study consider only direct medical costs and represent a 

conservative projection. The dollar outlays were measured in terms of doctors' usual charge 

to Medicare for clinic visits, cost of drugs and estimated loss of time on the basis of wage 

rate. The study did not take in to account the preventive or defensive measures, and made no 

attempt to value other costs, such as X-rays, hospital visits, alternative medicine etc, 

associated with sickness, and ignored the costs of "pain and suffering". However, the 

estimates are important because they show the severity of the problem and provide both an 

ilnpetus for environmental controls and a means for evaluating the benefits of specific 

pollution control policies. 

Community acceptance is essential for the success of any system of environmental 

nlanagement or protection. The third stage of the study (Chapter 7) involved a household 

survey that investigated respondent's behaviour, perceptions and attitudes towards wood 

heaters and air pollution in Armidale. Around 53 per cent of the respondent had wood 

heaters, around 80 per cent of them used their wood heater every day and another 8 per cent 

used it several days in a week. It was apparent that the community was not fully informed 

about the adverse effects of smoke from wood heaters. Some 52 per cent of wood heater 

owners in Armidale did not know that emissions from solid fuel heaters were harmful. 
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The household survey proposed several pollution reduction policies to gauge community 

attitudes toward them. The community showed strong resistance toward mandatory policies 

and a preference towards policies that were voluntary in nature. The contingent valuation 

method was used to assess the willingness to pay (WTP) for better air quality. Only 40 per 

cent of respondents were WTP some amount for clean air. There was strong correlation 

between willingness to pay and respondents' eduction levels. Some of the "zero" WTP 

responses could be interpreted as "protests". 

9.2 Policy Recommendations 

The study examined strategies, both legislative and voluntary, for woodsmoke control that 

have been adopted overseas. It also explored possible policy options to reduce particulate air 

pollution in Armidale. The long-run objective of Armidale air pollution control strategies 

should be a smoke free Armidale. The short-run objective should be to considerably reduce 

smoke pollution. To achieve the long-run objective, it will be necessary to regulate to ban 

installation of solid fuel heaters in new houses and to replace existing wood heaters through 

various incentives and requirements. 

Policies to achieve the short-run objective include: conduct an educational campaign, mainly 

targeting households using wood heaters; employ a smoke patrol officer to monitor the 

situation; enforce mandatory curtailment of "Don't Light Tonight" when high pollution is 

forecasted; introduce a "polluter pays" permit system to discourage wood heaters and use 

this revenue to support the cost of the eduction campaign and smoke patrol; and offer a 

financial assistance program for the replacement of existing wood heaters with cleaner 

alternatives for the lower income group. 

Usually, public awareness and participation are the keys to successful policy change. 

Widespread environmental education promotes understanding of the relationship between 

pollution and health, and encourages public involvement. It is important to use street 

campaigns, and to encourage air quality monitoring displays. The media can also participate 

in raising awareness by disseminating air-pollution related data. 
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9.3 Significance of the Study 

This study is significant because: 

1. Despite substantial amounts of pollution generated by wood heaters in Australia, this 

study is the first to examine in a rigorous manner the health effects of particulate air 

pollution produced by woodsmoke. 

11. The study results show an association between particulate air pollution and respiratory 

morbidity in Annidale. In addition, the estimated relationships are consistent with 

statistical findings of other studies reviewed in Chapter 2, confirming a relationship 

between air pollution and human health. 

111. The study makes an important contribution in terms of methodology. As far as it is 

known, this is the first use of GP data to investigate the relationship between air 

pollution and health effects in terms of respiratory symptoms and economic cost, using 

Analysis of Proportion and Poisson regression. 

IV. The study, investigating Annidale's air pollution problem, has considered both the 

health effect and the economic cost, and has combined community perceptions and 

attitudes towards wood heaters and air pollution, which are critical to assessing policy 

options. 

v. The study provides important propositions for public health campaigns for controlling 

air pollution in Australian communities, and for future legislative regulation of domestic 

wood burners. Knowledge gained from the study will be useful in formulation of public 

health policy to control air pollution in Australia, particularly in areas using wood 

heaters. 

9.4 Limitation of the Study and Further Study 

When interpreting the study results, one must consider that the results are merely indications 

of the extent of effects and economic costs as opposed to accurate measurement. The dose

response relationship, quantity of exposure, frequency of effects, and economic values are 

simply estimates of quantification. Nevertheless, the approach of this study has been to 

produce the best conservative estimates. 

158 



The empirical analysis was based on OP data only. To have more complete estimates, the 

study could include hospital visits, visits to alternative medicine provider and so on. The 

cost estimates used would be improved by including cost of X-rays, tests, hospital uses, 

preventive medication, and by including a contingent valuation survey to estimate the value 

of "pain and suffering". 

Large uncertainties about the existence and magnitude of the health effects of air pollution 

still exist. The reported epidemiological studies focused on short-term dose-response 

relationships. That is, the health impacts were detected a short period after the observed 

increase in concentration of PM, usually within few days. Long-term exposure to PM may 

have additional adverse health impacts. The assessment will probably change over time as 

new clinical, epidemiological and economic research is carried out. 

The study estimates of the effects of particulate air pollution in Armidale are based on 

averages and simple assumptions. The economic costs considered in the study are 

conservative and can be understood as providing the lower bounds for the estimates. 

Nevertheless, they provide valuable information about the adverse health effects and the 

economic cost of particulate air pollution in Armidale and could, in tum, be used to provide 

a range of economic values for controlling pollution. 
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APPENDIX A 

Estimation of Modell 

(Average Daily Air Pollution from AAQG) 

Variables Estimated Standard Error T-Ratio P-Value 
Coefficient 

Temp 0.10717E-Ol 0.l536EOI 0.6977 0.486 

TempI -0.77936E-02 0.l477E-01 -0.5275 0.598 

Temp2 -0.13465E-0 1 0.1510E-Ol -0.8918 0.373 

Temp3 0.27302E-Ol 0.1277E-Ol 2.137 0.033 

Temp4 -0.83203E-02 0.l250E-01 -0.6659 0.506 

AP -0.30322E-03 0.l567E-02 -0.1935 0.847 

API -0.45951E-03 0.1773E-02 -0.2591 0.796 

AP2 0.4 7905E-02 0.1835E-02 2.611 0.010 

AP3 0.72095E-03 0.1873E-02 0.3849 0.701 

AP4 0.17881E-02 0.1729E-02 1.035 0.302 

Cl -0.39659 0.1156 -3.431 0.001 

C2 -0.84009 0.1361 -6.174 0.000 

C3 -0.12551 0.1199 -1.047 0.296 

C4 -0.23916E-Ol 0.1539 -0.1554 0.877 

C5 -0.22459 0.1743 -1.288 0.199 

Constant -1.7434 0.l512 -11.53 0.000 
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Estimation of Model 2 

(Average Daily Air Pollution, ACC/EPA) 

Variables Estimated Standard Error T-Ratio P-Value 
Coefficient 

Temp O. 11153 E-O 1 0.1588E-01 0.7025 0.483 

TempI -0.17872E-0 1 0.1512E-01 -l.182 0.238 

Temp2 -0 .19166E-0 1 0.1526E-01 -l.256 0.210 

Temp3 0.25043E-0 1 0.1282E-01 1.954 0.052 

Temp4 -0.13 777E-0 1 0.1176E-01 -l.171 0.242 

AP -0.32517E-02 0.3792E-02 -0.8576 0.392 

API -0.22686E-03 0.4829E-02 -0.4698E-01 0.963 

AP2 0.58811E-02 0.4948E-02 1.189 0.236 

AP3 0.36941E-02 0.5371E-02 0.6878 0.492 

AP4 0.66467E-02 0.5030E-02 l.321 0.187 

Cl -0.38917 0.l171 -3.325 0.001 

C2 -0.81790 0.1379 -5.931 0.000 

C3 -0.11845 0.l214 -0.9755 0.330 

C4 0.28937E-02 0.1554 0.1862E-Ol 0.985 

C5 -0.18941 0.1761 -l.076 0.283 

Constant -1.6908 0.1569 -10.78 0.000 
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Estimation of Model 3 

(Mean Average Daily Air Pollution, AAQG+ACC/EPA) 

Variables Estimated Standard Error T-Ratio P-Value 
Coefficient 

Temp 0.89236E-02 0.1586E-Ol 0.5626 0.574 

TempI -0.77054E-02 0.1513E-Ol -0.5091 0.611 

Temp2 -0. 12994E-0 1 0.1545E-Ol -0.8408 0.401 

Temp3 0.26901E-Ol 0.1280E-Ol 2.101 0.037 

Temp4 -0.98493E-02 0.1230E-Ol -0.8007 0.424 

AP -0.10145E-02 0.2283E-02 -0.4444 0.657 

API -0.56048E-03 0.2678E-02 -0.2093 0.834 

AP2 0.66414E-02 0.2757E-02 2.409 0.017 

AP3 0.17781E-02 0.2922E-02 0.6085 0.543 

AP4 0.28869E-02 0.2653E-02 1.088 0.277 

Cl -0.39537 0.1159 -3.410 0.001 

C2 -0.83328 0.1365 -6.105 0.000 

C3 -0.12127 0.1203 -1.008 0.314 

C4 -0.18553E-0 1 0.1542 -0.1203 0.904 

C5 -0.21845 0.1747 -1.250 0.212 

Constant -1. 7558 0.1602 -10.96 0.000 

162 



Variables 

Temp 

TempI 

Temp2 

Temp 3 

Temp4 

AP 

API 

AP2 

AP3 

AP4 

C1 

C2 

C3 

C4 

C5 

Constant 

Estimation of Model 4 

Maximum Daily Air Pollution, AAQG 

Estimated Standard Error T-Ratio 
Coefficient 

0.37855E-02 0.1560E-01 0.2427 

-0.1014 7E-0 1 0.1446E-Ol -0.7016 

-0.10675E-01 0.1510E-01 -0.7070 

0.32807E-0 1 0.1291E-0 1 2.542 

-0.44412E-02 0.l271E-01 -0.3493 

-.56955E-03 0.5953E-03 -0.9567 

-0.36327E-03 0.6879E-03 -0.5281 

0.16953E-02 0.7345E-03 2.308 

0.16837E-03 0.8168E-03 0.2061 

0.11892E-02 0.7038E-03 1.690 

-0.39839 0.1151 -3.460 

-0.83561 0.1357 -6.159 

-0.11894 0.1195 -0.9952 

-0.16174E-01 0.l532 -0.l056 

-0.24299 0.1736 -1.400 

-1.7387 0.1630 -10.67 
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P-Value 

0.808 

0.484 

0.480 

0.012 

0.727 

0.340 

0.598 

0.022 

0.837 

0.092 

0.001 

0.000 

0.320 

0.916 

0.163 

0.000 



Estimation of Model 5 

Max Daily Air Pollution, ACC/EP A 

Variables Estimated Standard T-Ratio P-Value 
Coefficient Error 

Temp 0.15548E-01 0.1386E-01 1.122 0.263 

TempI -0.21004E-01 0.1437E-01 -1.462 0.145 

Temp2 -0.23284E-01 0.1432E-01 -1.626 0.105 

Temp3 0.20674E-01 0.1205E-01 1.716 0.087 

Temp4 -0.15029E-01 0.1205E-01 -1.247 0.214 

AP -0.58548E-03 0.1035E-02 -0.5655 0.572 

API -0.11971E-03 0.1222E-02 -0.9797E-01 0.922 

AP2 0.16770E-02 0.1417E-02 1.184 0.238 

AP3 0.86483E-03 0.1334E-02 0.6482 0.517 

AP4 0.98218E-03 0.1099E-02 0.8941 0.327 

C1 -0.38160 0.1173 -3.254 0.001 

C2 -0.80132 0.1382 -5.798 0.000 

C3 -0.11775 0.1218 -0.9672 0.334 

C4 0.50946E-02 0.1560 0.3299E-01 0.974 

C5 -0.19564 0.1765 1.109 0.269 

Constant -1.6481 0.1385 -11.90 0.000 
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Estimation of Model 6 

Mean Max Daily Air Pollution, AAQG+ACC/EPA 

Variables Estimated Standard T-Ratio P-Value 
Coefficient Error 

Temp 0.64111E-02 O.l541E-01 0.4159 0.678 

TempI -0.10008E-01 0.1473E-01 -0.6794 0.497 

Temp2 -0.12730E-01 0.1520E-01 -0.8376 0.403 

Temp3 0.30316E-01 0.1268E-01 2.391 0.017 

Temp4 -0.75259E-02 0.1259E-01 -0.5978 0.550 

AP -0.67478E-03 0.7992E-03 -0.8444 0.399 

API -0.36625E-03 0.9529E-3 -0.3843 0.701 

AP2 0.21982E-02 0.1019E-02 2.157 0.032 

AP3 0.52226E-03 0.1102E-02 0.4740 0.636 

AP4 0.15773E-02 0.9574E-03 1.648 0.101 

Cl -0.39429 0.1156 -3.411 0.001 

C2 -0.82772 0.1362 -6.077 0.000 

C3 -0.11930 0.1200 -0.9939 0.321 

C4 -0.11820E-Ol 0.1538 -0.7685E-01 0.939 

C5 -0.23401 0.1743 -1.343 0.180 

Constant -1.7661 0.1646 -10.73 0.000 
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APPENDIXB 
HOUSEHOLD SURVEY QUESTIONNAIRE 

CENTRE FO~ HEALTH RESEARCH AND DEVELOPMENT, 
UNIVERSITY OF NEW ENGLAND 

Solid Fuel Heating Survey Questionnaire 

Do you use an open fare or a solid fuCl heater for home heating at this address? (Solid fuel includes a fuel 
such as wood. coal or coke.) If YES, what sort of heater(s) does the household use? (Circle all that 
apply. Please clarify ifn~cessary.) 

No. no solid fuel heating ........................................................... . 

Yes, open fire(s) ....................................................................... 2 

Yes, pot belly stove(s) ................................................................ 3 

Yes, slow combustion heater(s) ................... : ............................... 4 

Yes, other solid fuel heating (specify: _____ -J) ................ 5 

IF YOU ANSWERED 'NO SOLID FUEL HEATING' IN QUESTION 1 
. PLEASE GO TO QUESTION 11. . 

2 Did you or your family choose to buy or install (any of) the fire place(s)lsolid fuel heater(s) in this home. 
or was it bought or installed by someone else? 

Bought/installed self •...............................................................• 

By someoJ;l~ else ................................... ~.................................. 2 

Not sure ............................................................. ~................... 3 

3a During winter. about bo,,' often does your household use the solid fuel heater or light a fue? Would that 
be-(circleone) . 

uss than once a week .............. ........ ......................................... 1 

Once or t\\ice a week ........................ ...................... .......•........... 2 

Several timl!S a week .............................. ................................... 3 

Every day or almost every day... ..............•............ ....................... 4 

Not sure ....................................................... :........................... 5 

3b On days when you do use the beater or fue(s), about how many hours, on average, would it bum? 

4 hours or Jess ..... .............. ............................... ............ ........... 1 

5 - 6 hours .............................................................. ~............... 2 

7 - 8 hours .............................................................................. 3 

Ovec 8 hoUlS - but not all the time .............................................. 4 

. 24 hours a day .......................................................................... 5 

Not sure .................................................................................. 6 

4 What sort of fuel does your household mostly bum in its fue/heater(s) - apart from kindling etc that 
you may use to start the fire? (Circle one only: If" Any particular sort of wood", please clarify if known.) 

Hardwood (includes fe~ce palings)" : .. ~ ... ~........................................ 1 

Softwood .......................... : ............ ~ ........ ~ ....... :......................... 2 

Scrap wood. whatever timber is available; ...... :................................ 3 

Wood, specified .•. : .. :~~:~ ................... ~ ...... : .............. : .. ~ ................ 4 

Coal ................ , ... ~ ..... :~ ........................................................... 5 

Coke ...................................................................................... 6 

Paper/cardboard ............. .................. .... ...... ....... ..... ....... ........ ..... 7 

Rubbish .................................................................................. 8 

Other (specify: ) ......................... 9 

Not sure .................................................................................. 10 

Solid Fuel Heating Survey 
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CENTRE fOR HEALTH RESEARCH AND DEVELOPl\[ENT, 
UNIVERSITY OF NE\V ENGLAND 

5 How or from ,,'hom do you mosily get your fuel? (Circle one only.) 

Buy from a d~aJer'retailer ........................................................... . 

Given by fri~nds/neighbours/reJatives etc ....................................... 2 

. Find/get it ourselves (eg on the property, in the bush. 
reuse waste timber, etc) .............................................................. 3 

Other (specif)': - __________ --1) ......................... 4 

Not sure .................................................................................. 5 

6 Some people prefer to bum old wood. or wood that has been left for six months or more of age. As far as 
your household heating is concerned, do you: (Circle only one) . 

Always burn old or aged wood ..................................................... I 

Mostly burn old or aged wood ..................................................... 2 

Sometimes burn old or aged wood ..... ........................................... 3 

Don't mind \\'hether the wood that you use is aged or not ...... _ ....... _ 4 

Not s!lce .................................................................................. 5 

Not applicable - don't bum wood ............................................... 6 

7 Does your household lea\'e the heater to bum slowly overnight by lowering the air controls? 

Always ............................................................................... . 

Often .............. : ....................... :............................................ 2 

Sometimes ............................................................................ 3 

Never .................................................................................... 4 

8 Assuming that the cost of a load of nomial firewood is $60.00 and that it is possible instead (0 buy wood 
. that does not pollute. How much would you be willing to pay for a load of this special wood? 

$60 ____ _ 

$70 ____ _ 

$80 ___ _ 

$90 ____ _ 

$100 

$120 

$ISO or more 

9 On days when the air pollution rating is high or above (about 1 day in 2 during July) would you be 
prepared nO( to light your wood heater if the EPA requested it? 

I 
10 . Supposing that in the furore Armidale City Council decides that the number of woOd beaters needs to be 

restricted. and that it "iII issue yearly permits that households th.at have wood heaters would need to buy. 
H the permit costs: ' 

$50 would you move to an alternative form of beating? 

what if it was $100 

or $150 

$200 

Solid Fuel Heating Survey 
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CE~TRE FOR HEALTH RESEARCH AND DEVELOPl\IENT, 
UNIVERSITY OF NEW ENGLAND 

II Please read the following four statements. In each case can you indicate whether you trun.k th~ statement 
is true or false, or you an: not sure. (Circle one respo"se on each lit/e.) 

l'Stf_.&·f\";':~}};ii'~~~:~;":"' .. 
, ... -"' " ....... 

True False Not "." sure 
(a) Airtight slow combustion heaters use fuel much 1 2 3 

more efficientl\' thln open fires. 
(b) Emissions from op¢n flres and solid fuel heaters 1 2 3 

contain substances that are harmful to humans. 
(c) In terms of emironment protection. it makes no 1 2 3 

difference whether the wO()d that people bum for 
heatim~ is a~ed or not. 

(d) Annidale \\ill ha"e 10 do something about 2 3 
woodsmoke. 

12 Has your houscltold e,'er experienced problems or annoyance as a result of other people using solid fuel 
home heating in your area? Would that be (circle only one) I 

Ne"er or h3Cdly ever .................................................................. 1 Go to Ql-t 

Sometimes, from time to time .................................................... 2 

Quite often. regularly................................................................ 3 

Not sure ................................................................................. 4 Go to QI-t 

13 In winter, in your neighbourhood. wouJd you say that smoke or emissions from home fIres or solid fuel 
heatecs is - (Circle onl.." one) 

Not 3. problem ........................................................................ . 

A bit of a problem ........... ....................... ................................. 2 

A significant problem ........................... ~ .......... :........................ 3 

Nor sure ................................................................................. 4 

14 Arniidale City Council and the Environment Protection Authority are carrying out a community 
education campaign 00 the environmental aspects of using solid fueJ heating [mcluding open fires) in the 
home. 

Some people ha"e suggested that other steps should be taken to regulate or control the use of open fifes 
or solid fuel hear~ in abe home. Can you teU me whether you would generally approve oc disapprove of 
the following possibilities? (Circle one on each line.) 

<a> Encomage people DOt to light flres or solid fuel 
heaters on da,'S \\-ben hi!!h llution is redicted. 

(b> Prohibit people from lighting flres or solid fuel 
heaters on da,~ when bi!!h llution is redicted. 

(c) Prohibit any new solid fuel heaters or open fires 
hein installed in rhoate homes. " 

(d) Limit the number of homes in an area which can 
have a solid fuel bear.er or 0 n fire. 

(e) Gradually phase out any burning of wood or coal 
in rivate homes. " " 

(0 Impose an annual charge of say $40.00 on 
households that have solid fuel heaters. 

(g) Only allow people 10 burn woodtbat is purchased 
from an accredited slier. 

(h) Impose fines 00 households that produce large 
amounts of woodsmoke. 
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CENTRE FOR HEALTH RESEARCH AND DEVELOP~IENT, 
UNIVERSITY OF NEW ENGLAND 

15 In Annidale. how imp0rt:lll1 do you think the following issues are? 
(Please rallk. J = mOST important) 

Issues 

Unemplo~ lllent 

Crime 

HomeJe5Sn~ 

Air Pollution 

Drugs 

16 Compared with 3 yem ago, do you think AnnidaJe's air pollution today is: 

Better 0 

About the S3II1e 0 

Worse 0 

Don't blow 0 

17a Do you own or rent this property? 

own 0 

rent 0 

17b Please look at ~ pholographs. The fIrst shows Annidale on a sunny July morning with considerable 
air pollution. The se.:ood shows Armidale on a similar July morning with no air pollution. Currently 
half of July momin~ are lik.e the first picture and half are lik.e the second. Suppose that to improve 
things so that c\'ery July morning gets to be like the second picture. Armidale City Council needs to 
spend some mODe)' on a project and this win need an increase in the rates. Remembering that everyone in 
Armidale will be pa)iog for this, how much of a ratelrent increase would you be willing to accept? 

$0 0 

$20 Fyear 0 

$40 per year 0 

$60 per year 0 

$100 per year 0 

$120 or more pee year'! 0 

18 Which of the follo9.ing best describes this dwelling? (Circl~ one) 

Single/detached house •.....•...........................•......•..•..•..• 

Townhouse/lilla/terrace ..........•..................................... 2 

Flat or home unit .....................•.............................•.... 3 

Other (sp¢<.~.: ) ............. 4 

19 Which of these age groups are you in? .. 

18 - 29 

30 - 39 ........•..................................•....•.................... 2 

40 - 49 ..................................................................... 3 

50 - 59 ..................................................................... 4 

60 or O\'er ••••••••.•••••• '" .••••••••••••••••.••••••••••.•.•••.. '" ••••.•.•• 5 

20 Male? ............. . Female? ............. . 2 
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CE~TRE FOR HEALTH RESEARCH AND DEVELOPMENT, 
UNIVERSITY OF NEW ENGLAND 

21 What level of education have you completed? 

Primary completed/not completed .......................................... 0 

Secondary completed/not completed ...................................... 0 

H.S.C. completed/not completed ........................................... 0 

Technical College (TAFE) completed/not completed ............ 0 

Uninrsity completed/not completed ..................................... . 

Post Graduate completed/not completed 

o 
o 

22 Occupation of main income earner in this household 

23 

Farmer ......................................................................... 0 

ManageriallProfessional .................................................. 0 

Clerical/Sales 

TechnicaVfrades 

Labourer 

o 
............................................................ 0 

o 
Services, ....................................................................... 0 

Student o 
Home duties ................................................................. 0 

Self employed ............................................................... 0 

Retired ................................... ~..................................... 0 

Unemployed ................................................................. 0 

Others (Please specify) o 

Household size: 

1 person 0 
2 people 0 
3 people 0 
4 people 0 
5 people 0 
6 people 0 
7 people 0 
8 and more 0 

24 Did you or any member of your family suffer from one or more of the following diseases during the 1998 
winter? 

25 

Asthma 

Night time cough 

o 
o 

How long have you lived in Armidale? . 

26 Approximate household income F. y~ 

Less then 520,000 . : 0 

$20,000-$40.000 O~ 

$40,OOO-S6O.000 0 

More then S6O;000 0 
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