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Appendix C 
Air Quality
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C.1  Characteristics of air contaminants from motor vehicles

Carbon monoxide: In vehicle emissions carbon monoxide occurs as the result of incomplete fuel combustion and the highest 

emitters are poorly tuned vehicles. The highest emission rates and road side ambient air concentrations were observed at busy 

intersections and in congested fl ows, the lowest emissions are from free fl owing traffi c.

Oxide of nitrogen: Road transport is a main contributor of oxides of nitrogen into ambient air in urban areas. “Oxide of nitrogen” 

is a sum of nitric oxide and nitrogen dioxide, calculated as total nitrogen dioxide. Oxides of nitrogen are formed in combustion 

processes at high temperatures. Vehicle emission rates increased with vehicle speed and engine temperature. Nitric oxide 

converts to nitrogen dioxide in a process accelerated by the presence of ozone and is also infl uenced by volatile hydrocarbons.

Particulate matter (PM10): Highest PM10 emission rates occur in congested traffi c fl ows and under acceleration and deceleration 

driving modes. The contribution of motor vehicles to ambient air pollution levels is comparable with contribution from domestic 

heating. In winter time, domestic heating should be considered as a main contributor of PM10 contaminants. 

Other motor vehicle contaminants: Organic compounds discharged by motor vehicles can be many difference species and 

can include such toxic and carcinogenic compounds as benzene, 1,3 butadiene, and very small quantities of poly aromatic 

hydrocarbons. The effect of the different compounds on the environment varies widely. The emission rates of hydrocarbons 

strongly depends on composition of the fuel, so changes in fuel specifi cation can reduce or increase their impact, changes in 

driving conditions will have only a minor effect on the emissions of hydrocarbons. 

Concentrations of sulphur dioxide in vehicle emissions depend on the maximum permitted sulphur content in the fuel. In 

Wellington this contaminant is not an issue. 

C.2  Available Air Quality Monitoring Data

Monitored data is of two types. Continuous monitors pass a sample of air over sensors which can quickly detect and record the 

concentration of a contaminant in that air. The measured level is recorded. Though often described as instantaneous there is 

usually some time lag needed for the sensor to respond to the contaminant. What s important though is that each reading is 

independent of the reading before it so that the record produced fl uctuates as the concentration of the contaminant in the air 

passing the monitoring station caries.

The second method of air quality monitoring is referred to as passive monitoring or dose tubes. A tube containing a material 

that can absorb and / or respond to the presence of the contaminant is placed in the area for a period of time, such as a day or 

month or year, and absorbed contaminant accumulates in the tube. Depending on the type of tube, at the end of the collection 

period, the tubes are sent for analysis or read directly. This method produces data of average levels over the period and no data 

of high and low levels is retained.

Regular air quality monitoring in Wellington’s urban area is carried out by the Greater Wellington Regional Council. A permanent 

and continuous monitoring station is located at the corner of Victoria Street and Vivian Street in Wellington City. The air quality 

monitoring data from this site for the year 2006 and 2007 was in reports published by the Greater Wellington Regional Council in 

2007 and 2008. These reports include the data for three main indicators of air pollution from road transport: carbon monoxide, 

nitrogen dioxide and PM10.

The earliest data directly applicable to the area of this assessment was provided in the Perry Davy report monitoring of Carbon 

Monoxide at the Basin Reserve, Wellington, prepared for the Transport Policy and Planning Department of Wellington Regional 

Council in September 1999. This monitoring took place from 23 September 1998 to 10 May 1999. The site was located on 

Dufferin Street, recording concentrations of carbon monoxide at a distance of 13 metres from the main traffi c lanes of Dufferin 

Street and 2.5 to 3 metres above the road level (Perry Davy, 1999).

Another source of information used for this assessment is the Air Quality Monitoring at Buckle Street: Final Report prepared 

for Transit New Zealand in June 2008 (Talbot et al., 2008). This monitoring programme was required to assess a possible 

deterioration of the air quality within Mount Cook School that could results from a proposed relocation of Buckle Street closer 

to the school.

The monitoring programme was carried out between October 2007 and April 2008. Measured contaminants included carbon 

monoxide, oxides of nitrogen and particulate matter (PM10). Meteorological parameters were also recorded in parallel to 

concentrations of air contaminants.

C.3  Modelled air pollution levels

A much wider description of the air quality can be obtained by modelling which shows the spread over the whole area. 

Comparison of modelled data versus measured data then provides the appropriate context for considering the model outputs. 

Ambient concentrations of air contaminants were calculated using the CALRoads Air Dispersion Model for Roadways. 

CALRoads is a steady-state dispersion model, which assumes meteorological conditions are constant for the hour for which 

the dispersion of air contaminants from source to receptor is calculated. The model calculates ambient concentrations for each 

hour separately; emissions and meteorological conditions within the hour are independent of those in other hours. This method 

of calculation applies for carbon monoxide and particulate matter (PM10). The modelling of nitrogen dioxide uses the CALINE4 

model within CALRoads; however this particular model does not employ the use of hourly meteorological data. 

The model takes as input a spatial arrangement of the true street pattern. The model does not apply the effects of terrain or 

buildings on the calculated dispersion, although these are used in part as a surface roughness input into other stages of the 

modelling.

The model calculates over a grid, calculating each intersection of the gridlines. This study area is approximately 1 kilometre 

wide by 1 kilometre long and the grid spacing chosen was 20 metres. This calculation of contaminant levels over the grid (in 

this instance approximately 2,500 points) is then plotted to show dispersion contours which can be readily superimposed over 

diagrams of the study area.

Selected receptor points can also be chosen where the air quality at a particular receiver is to be calculated.

The street pattern can be defi ned as a series of links where each link has a specifi c emission rate which is defi ned by the traffi c 

composition, speed, and fl ow type. 

C.4  Meteorological inputs

The meteorological data input for the modelling was obtained fi rst using observed meteorological data for 2008 from the 

Wellington Aero Met Station, which is situated 4 metres above sea level close to the Wellington Airport. This wind data is not 

representative of the wind at the Basin Reserve so the meteorological data is manipulated to better represent wind conditions 

at the Basin Reserve. This manipulation was prepared in accordance with prior research by Opus Central Laboratories into wind 

conditions around Wellington. This research undertook measurements of wind speed and direction throughout the Wellington 

city, especially in the central business district and Te Aro Flat. By comparing these measurements with corresponding data from 

the airport weather station, an algorithm to adjust wind direction and speed was developed. For this air quality assessment all 

wind from the northerly direction was turned anti-clockwise by 10 degrees and the wind speeds were adjusted for suburban 

conditions in comparison to the open conditions that exist at the Wellington Airport. The wind speed results are lower than the 

wind speeds of the Wellington airport and therefore are less favourable for air quality conditions at the Basin Reserve. Stability 

class and mixing height are then calculated from this data and complied into a data set for the modelling. Due to limitations in 

Gaussian Plume modelling which cannot calculate emission plume spread when wind speeds are close to zero; all wind speeds 

that are less than 0.5 m/s are considered in the model to be equal to 0.5 m/s. There is approximately 0.55 percent of 2008 

meteorological wind data (that is approximately 48 hours) that are affected by this assumption. This is a standard modelling 

methodology and is recommended in the Good Practice Guide.
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C.5  Vehicle emission rates used for the modelling

The vehicle emission rates used for the modelling are from the recently developed Auckland Regional Council (ARC) vehicle 

fl eet model for emissions (VEPM). The model calculates speed-dependent emission rates for the selected year 2008 which is 

then based upon average speeds along the links. Average speeds were calculated for AM congested (morning), PM congested 

(evening) and in between hours using site specifi c modelled average speed data provided by the transport modellers for each 

link. The hourly average speeds of the vehicles are calculated over time so that the speeds refl ect traffi c fl ow; a low average speed 

is typical of congested traffi c. Peak hour average speeds were generally less than 20 km/h refl ecting congested conditions; while 

at all other times the average speeds were between 20 and 35 km/h which refl ect more free fl owing traffi c conditions. Hourly 

emission rates were calculated using the VEPM and then used in the air dispersion model so they refl ect the changes in traffi c 

speeds and fl ow. The fl eet composition used in the emissions model was composed of default model values (based on results 

from the Ministry of Transport Vehicle Fleet Emissions Model) and information on the percentage of heavy vehicles provided 

by the project traffi c modellers. The Basin Reserve traffi c scenario is not dissimilar to Auckland traffi c conditions; so the other 

optional inputs in the ARC vehicle fl eet model were left at their default values which refl ect average Auckland conditions as 

shown in Table C.1. 

Table C.1 Values Used in Emission Model 

Table C.2 Model Input Factors

C.6  Modelling assumptions and accuracy

Due to limitations in the air dispersion model, specifi cally the CALINE4 which is used for nitrogen dioxide modelling; road links 

were kept within a maximum of twenty links so that only the most signifi cant roads in the Basin Reserve area are modelled. 

The roads that have been omitted from the model are insignifi cant in terms of their daily traffi c fl ows and their contribution 

of emissions to the Basin Reserve air shed. Hourly traffi c fl ows were calculated using site specifi c daily traffi c fl ow profi les 

which were calculated from data at traffi c signals and matching the corresponding AADT (Annual Average Daily Traffi c) data 

provided by transport modellers. The model inputs were traffi c fl ow counts and emission rates for each hour over 24 hours. 

Separate traffi c fl ows and emission rates were not calculated for weekends. Monday to Friday data was averaged then the 

average assumed across all seven days of the week. 

Particulate Matter

The results for PM
10

 are the predicted maximum concentrations as a 24 hour average shown in μμg/m3. The background 

concentration is assumed to be 15μμg/m3; this is consistent with urban areas where there are no other obvious sources of 

particulate matter, this can fl uctuate with season and time of day. The PM
10

 model uses the meteorological data for the year 

2008.

Nitrogen Dioxide

The results of the NO
2
 modelling are for a 1 hour average worst case wind angle; The CALINE4 model used for nitrogen dioxide 

does not employ the meteorological data from 2008. Therefore the meteorological variables used for the NO2 model are 

assumed to be those conditions that could occur in the area and be unfavourable to the dispersion of contaminants:

• Wind speed    1 m/s

• Wind direction standard deviation 15 degrees

• Stability class   Stable F(6)

• Mixing height   100 metres

Emissions of nitrogen oxides consist of nitric oxide and nitrogen dioxide (NO and NO
2
). Vehicle emissions of nitrogen oxides 

(NOx) are generally more than 90% NO, which oxidises to NO
2
 in the atmosphere over a few hours to a couple of days. This 

rate is oxidation of NO to NO
2
 is dependent on different parameters but the NO

2
:NOx ratio is often assumed to be around 0.2. 

The ozone limiting approach was adopted for this model so that the rate of oxidation assumed in the modelling is dependent 

on the amount of ozone available; in this case the background ozone concentration was assumed to be 20 ppb and is subject to 

seasonal variation. A background concentration of NO
2
 is assumed to be zero. The results from the model are shown in ppm, but 

can be converted to μμg/m3 using the following formula; the results are fi rst converted to ppb (parts per billion). 

NO
2
 (μμg/m3) (NO

2
 ppb) × (NO

2
 molecular weight)

24.45

Molecular weight NO
2
 = 46.0055

 

Carbon Monoxide

The results for carbon monoxide are the predicted maximum concentrations as a 1 hour average and are in ppm (parts per 

million). 

CO (mg/m3) (CO ppm) × (CO molecular weight)

24.45

Molecular weight CO = 28.0101

The background concentration of carbon monoxide is assumed to be 1.5 ppm between the hours of 7:00 am and 7:00 pm; at all 

other times the background concentration is assumed to be just 0.5 ppm.

=

=
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Potentially Effected Sites

For the assessment of air quality, a number of potentially sensitive sites (receptor sites) have been identifi ed. These sites and 

the distance to the existing route are shown in the table below. In total 23 sites have been chosen. These sites are also indicated 

in the contour maps shown below. Calculated concentrations of air contaminants at these sites were used to assess the existing 

ambient air quality at Basin Reserve.

Address (site location) Futures, distance to the existing route (m)

1 Basin Reserve, centre of play area 130 metres to Dufferin Street and Rugby Street

2 Basin Reserve embankment 50 metres to Dufferin Street

3 Corner Adelaide Road and Rugby Street 6 metres to the road kerb

4 Wellington College Main building approximately 200 metres to State highway 1

5 St Mark’s Church (Dufferin Street) 15 metres to Dufferin Street (main traffi c lane)

6 9A Dufferin St 10 metres to the road kerb

7 St Mark’s School 15 metres to the edge of State highway 1

8 Wellington College cricket ground 30 metres to the edge of State highway 1

9 Wellington East Girls’ College 60 metres down the slope to the Mount Victoria tunnel entrance

10 St Joseph’s Catholic Church 15 metres to the edge of State highway 1

11 28 Ellice Street (backyard)
48 metres to the edge of State highway 1, 65 metres to Dufferin 

Street

12 33 Ellice Street 5 metres to Ellice Street kerb

13 21 Ellice Street 5 metres to Ellice Street kerb

14 5 Moir Street
Residential area, 60 metres to Ellice Street, 80 metres to State 

highway 1

15 Corner Kent Terrace and Ellice Street 5 metres to the road kerb

16 Marksman Motor Inn 5 metres to the edge of Sussex Street

17 22 Sussex Street (Te Awhina apartment complex) 3 metres to the edge of Sussex Street

18 Corner Sussex Street and Buckle Street 7 metres to the road kerb

19 Tasman Garden Apartments 14 metres to the kerb of Buckle Street

20 Massey Design Department 105 metres to the edge of Buckle Street

21 National War Memorial 8 metres to the edge of Buckle Street

22 176 Tory Street 5 metres to the edge of Tory Street

23 Mount Cook School 50 metres to the edge of Buckle Street, 28 metres to Tory Street

Figure C.1 Particulate Contour Map
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Figure C.2 NO
2
 Contour Map Figure C.3 CO Contour Map
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