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RATIONALE 

The monitoring site Lambeth – Brixton Road has consistently exceeded the NO2 Limit Values established by the 

EU Directive 2008/50/EC. This set an annual mean limit value of 40 µg m-3 and required less than 18 hours per 

year with NO2 concentrations greater than 200 µg m-3. The limit values for NO2 were set to be met by 2010. 

The concentrations of NO2 in Lambeth – Brixton Road observed a significant downward trend since 2010 (Font 

& Fuller, 2016), but the limit values have not been met (Table 1 in this report). To reduce ambient NO2 

concentrations, the Mayor of London implemented a Low Emission Bus Zone on the Brixton to Streatham 

route in December 2017. Buses running is this route must meet the latest emission regulations, i.e. Euro VI. 

This has been achieved through new contracts with bus companies for Euro VI buses and retrofitting pre- Euro 

VI vehicles. The number of hours exceeding the 200 µg m-3 threshold decreased from 539 in 2016 to 75 in 

2017. However, from January to August 2018, the number of hours exceeding the hourly limit value was 83, 

higher than for the whole of 2017.  

This study aims to understand the increase in the number of measured hourly exceedances measured at 

Lambeth – Brixton Road in 2018 compared to 2017. Specific focus is given to changes in the meteorological 

conditions that might rise the number of exceedances. 
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1. METHODS 

1.1 AIR QUALITY MONITORING SITE 

The Lambeth – Brixton Road monitoring site is a kerbside site located in a street canyon. The monitoring site is 

alongside the A23 which comprises four lanes of traffic of which one is a dedicated bus lane running NNE to 

SSW (Figure 1). A traffic junction is located 25 m south of the monitoring site. The monitoring site belongs to 

the London Air Quality Network and measurements are undertaken following the national quality 

assurance/quality control standards. The site is independently audited twice by the National Physical 

Laboratory. Measurements for 2018 were provisional at the time of this report. 

 
Figure 1. Aerial view of Lambeth - Brixton Road. The yellow circle indicates the position of the monitoring station, located in a street 

canyon. Source: Google Street View. 

1.2 METEOROLOGICAL DATA 

Wind speed, wind direction and other meteorological variables were taken from the London City Airport met 

site. Mean wind conditions was analysed by plotting wind roses that indicated the frequency of the winds for a 

given wind sector and speed range for a specific period. 

1.3 DIRECTIONAL ANALYSIS 

Combined air pollution and wind direction analysis can reveal the possible location of NO2 sources. The 

Conditional Probability bivariate polar plots indicate the probability that concentrations higher than a given 

threshold (e.g. 200 µg m-3) were measured at a given wind sector and speed range (Uria-Tellaetxe & Carslaw, 

2014). Cluster analysis was applied to the Conditional Probability bivariate polar plots to group those wind 

conditions with similar behaviour in terms of concentration and wind conditions (Carslaw & Beevers, 2013). 

Both analyses were calculated using the Openair/R-package (Carslaw & Ropkins, 2011).  

1.4 METEOROLOGICAL NORMALISATION AND TEMPORAL TRENDS 

Meteorological normalisation is a statistical-based technique that accounts for the variability in meteorology 

over an air quality time series. Controlling for changes in meteorology supports robust trend analysis as 

changes in air quality data can be then associated to changes in emissions.  The technique is based on a 

predictive random forest model built using time (number of seconds since 1 January 1970, day of the year, day 

of the week) and meteorological variables (wind speed, wind direction, dew point and ceil height). The 

https://www.londonair.org.uk/
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meteorologically normalised trend was then tested using the function smoothTrend from the Openair/R-

package. The meteorological normalised NO2 time series was built using the rmweather/R-package (Grange, 

2018). 

1.5 BUSES AND TRAFFIC IN BRIXTON ROAD 

Details of buses used on the Brixton Road – Streatham corridor were supplied by GLA / TfL. New buses 

meeting Euro IV standards were rolled-out from January 2010 but the majority of new contracts started in 

January 2015. From January 2010 to October 2014 a total of 76 Euro VI buses were introduced. From January 

2015 to February 2018, 405 new buses were rolled out. A total of 220 buses were retrofitted to meet Euro VI 

standards from October 2017 to start August 2018. 

GLA / TfL also supplied dates of roadworks that took place on the A23, around one mile north of the 

monitoring site. 

 2. RESULTS 

2.1 ANNUAL OBJECTIVES 

Table 1. Summary of the annual mean NO2 concentrations and hours exceeding the 200 µg m-3 threshold as measured at the Lambeth 

Brixton Road monitoring station. 

Year Annual mean (µg m-3) No. of hours NO2 > 200 µg m-3 

2016 118 539 

2017 95 75 

2018* 99 83 
        * as per 8th August 2018 

 

2.2 SOURCES CONTRIBUTING TO LAMBETH - BRIXTON ROAD EXCEEDANCES 

The long-term measurements at 

Lambeth-Brixton Road (2004-2015) 

showed that under north-westerly 

winds and wind speeds < 10 m s-1 the 

probability to measure concentrations 

exceeding the hourly limit value was 

high (>70%). Under north-easterly 

winds (0 - 45 degrees) (all wind 

speeds) and south-westerly winds 

(180 - 210 degrees) at wind speeds ~5 

m s-1 probabilities to measure 

exceedances were also high (40-50%) 

(Figure 2).  

 

 
Figure 2. Bivariate Polar Plots showing the probability of measuring hourly 

concentrations higher than 200 µg m-3. Plots for different time periods are shown. 

Probabilities are expressed from 0 to 1. Plot for 2018 encompasses the period from 

January to the 8 August 2018.



Exceedances of NO2 at Lambeth Brixton Road 

Page | 4 
 

To understand the location of sources in relation to 

the monitoring site it is important to understand the 

dynamics of the wind in the street canyon. Under 

north-westerly winds (NW), the wind hits the building 

facades south-east of the canyon and moves towards 

the monitoring site bringing emissions from the road. 

Similarly, under SW winds, concentrations measured 

at the monitoring site were those emitted NE of the 

site. Under these conditions high concentrations 

were therefore expected (Figure 3). 

 
Figure 3. Schematic representation of the wind dynamics in the 

street canyon under north-westerly winds (a) and south-westerly 

winds (b). Orange box represent the air quality monitoring site.  

The probability of measuring exceedances in Lambeth – Brixton Road was reduced from 2016 onwards as 

observed in Figure 2. Most of the exceedances were still measured on NW winds (i.e. traffic emissions from 

the south-east). In 2017, around 20% of the exceedances measured were measured on NW winds and this 

number increased to 30% in January-August 2018. Exceedances were also measured on SW wind conditions, 

around 20% in 2017 and 15% in 2018 (Figure 4). 

 
Figure 4. Distribution of the wind pattern when hourly NO2 > 200 µg m-3 was measured in the last three years. Plot for 2018 

encompasses the period from January to the 8 August 2018. 

The wind direction in 2017 and in 2018 (January – 8 August) was compared to determine if the greater number 

of exceedances in 2018 was due to an increase of the frequency of the winds that brought traffic emissions to 

the monitoring site (Figure 5). A greater frequency of winds from the NW and SW were observed in 2017 

compared to 2018 (Figure 5; Table 2). For the wind sector centred at 300 degrees, the frequency of winds in 

2017 was 11% compared to 6% in 2018 (and 8% for the long-term mean and in 2016). For SW winds (240 

degrees), the frequency in 2017 was 33% compared to 20% in 2018. 

 
Figure 5. Wind rose for 2017 and 201(this latter only from January to 8 August). 
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Table 2. Frequency of the winds for each wind sector: long-term mean (2004-15; 2016; 2017 and Jan – 8 August 2018). The wind sector 

associated with hourly exceedances are highlighted. Data for 2018 encompasses the period from January to the 8 August 2018.  

 

 

 

 

 

 

 

 

 

Another way to consider the meteorological effect on the hourly exceedances is to cluster the areas of the 

bivariate polar plot and calculate the number of exceedances on each area each year. The areas of the 

bivariate polar plot are shown in Figure 7. The area that observed the larger number of hourly exceedances as 

cluster #4 (Table 3). Despite the frequency of winds from the NW was lower in 2018 (Figure 5), the number of 

exceedances increased from 53 in 2017 to 64 in 2018.  

 

 
Figure 6. Identification of different zones in the conditional 

probability bivariate polar plot based in the measurements in 

2004-15 (see Figure 3). 

 

 

Table 3. Number of exceedances observed in each of the 

clusters in the last three years. 

 #1 #2 #3 #4 

2016 7 9 27 434 

2017 0 1 4 53 

2018 1 2 3 64 

Concentrations measured under NW winds were 

slightly higher in 2018 (January to August) 

compared to 2017 (whole year): median 

concentrations in cluster #4 were 113 µg m-3 in 

2018 compared to 106 µg m-3 in 2017). Also, 

concentrations measured in SW conditions were 

slightly higher in 2018 compared to 2017 

concentrations measured in #2 with medians of 

NO2 of with medians NO2 of 78.9 and 84.5 µg m-3 

in 2017 and 2018, respectively) (Figure 7; Table 4). 

Concentrations from the other areas were not 

statistically different between 2017 and 2018. 

wind sector wind sector centre 2004 - 15 2016 2017 2018 

15-45 30 6 6 4 4 

45-75 60 6 6 3 12 

75-105 90 11 11 9 17 

105-135 120 3 4 3 4 

135-165 150 3 3 3 4 

165-195 180 5 5 4 3 

195-225 210 15 14 12 11 

225-255 240 23 25 33 20 

255-285 270 10 8 11 8 

285-315 300 8 8 11 6 

315-345 330 5 6 4 4 

345-15 360 5 5 3 6 



Exceedances of NO2 at Lambeth Brixton Road 

Page | 6 
 

 
Figure 7. Distribution of the hourly NO2 concentrations measured in 2017 (all year) and 2018 (January to 8 August 2018) for the 

different clusters. Red line denotes the hourly limit value. Concentrations measured in the same cluster in different years were 

compared using the non-parametric Kruskal-Wallis test. *** significant at the 0.001 level; ** significant at the 0.01 level; + significant at 

the 0.1 level; (blank) not statistically significant. 

 

Table 4. Median (and interquartile range) for NO2 measurements in the different clusters in 2017 and 2018 (January – August 2018). 

 #1 #2 #3 #4 

2017 74.8 (50.7-95.9) 78.9 (57.6-97.0) 77.9 (57.0-102) 106 (77.0-132) 

2018 80.8 (50.9-109) 84.5 (59.9-110) 75.7 (57.8-103) 113 (81.7-142) 

 

3.3 DE-WEATHERED TIME SERIES AND TEMPORAL TRENDS 

3.3.1 MODEL PERFORMANCE 

The set-up of the de-weathered analysis and the performance statistics of the model are summarized in Table 

5. Partial dependence plots show the dependence of NO2 concentrations (y-axis) against each explanatory 

variables (x-axis) if all other variables are fixed at their average level (Figure 8). The most important variable at 

Lambeth – Brixton Road was wind direction, consistent with Figure 2 and Figure 6. The highest NO2 

concentrations (~ 200 µg m-3) were measured on wind directions ranging from 300 to 360 degrees north. 

Concentrations were also high (~160 µg m-3) at 200-250 degrees. Following wind direction, air temperature 

was the second variable explaining more variance. High concentrations (>200 µg m-3) were measured when 

temperatures peaked at 30 degrees. Other interesting dependences are those showed against dew point - as 

lower the dew point (<0 °C) the higher NO2 concentrations (> 190 µg m-3); and against wind speed – at low 

wind speeds (calm or still conditions) the concentration of NO2 was higher. Higher concentrations were 

measured during weekdays. 

Table 5. Predictive random forest model set-up and performance statistics. 

Number of trees 300 

Minimum node size 5 

Independent variables Unix time (no. of seconds since 1 January 1970); Julian day (day of the year); 
day of the week; air temperature; dew point; wind direction; wind speed 

Available observations 69666 

MSE error 2902.745 

R2 0.7039331 
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Figure 8. Partial dependence plots of the explanatory variables used to run the de-weathered algorithm in Lambeth - Brixton Road. 

3.3.2 DE-WEATHER TIME SERIES AND TEMPORAL TREND 

The de-weathered time series showed less variability than the original measurements series, but it kept the 

information regarding the temporal trend (Figure 9a). Focussing on the last three years, NO2 concentrations at 

Lambeth-Brixton Road dropped continuously since 2015 (Figure 9b). 

 
Figure 9. Time series of NO2 concentrations at Lambeth – Brixton Road. a) Measurements and de-weathered time series from 2004 to 

2018; b) de-weathered time series from 2015 to 2018. 

Focusing on the last three years, when the majority of new contracts started, NO2 concentrations at Lambeth – 

Brixton Road dropped from a monthly mean concentration of 149 µg m-3 in January 2015 to 100 µg m-3 in July 

2017. However, concentrations slightly increased since this time and monthly means in April 2018 were 106 µg 

m-3 (Figure 10).  
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Figure 10 shows the trend calculated from the de-weathered time series and the timing of new contracts for 

buses and bus retrofits on the Brixton Road Streatham corridor. The buses introduced under new contracts align 

well with the decreases in NO2 concentrations up to July 2017 and is therefore likely that these buses were 

responsible for the large decrease in NO2. The rapid rate of improvement stalled from early 2017. Since the start 

of 2017 there have been further changes to the bus fleet that passes the monitoring site; new contracts and 

retrofits. The retrofits were carried out on 220 pre-Euro VI buses, almost half of the total buses using the 

corridor. Major gas works also took place on the A23, around one mile north of the monitoring site, between 4th 

August 2017 and 29th March 2018. It is not possible to disentangle the impacts of retrofits, new bus contracts 

and the gas works to explain the lack of improvement in NO2 concentrations since early 2017. Care should be 

taken not to over interpret small changes in the de-weathered concentrations, especially before measurements 

from 2018 are finalised.  

 

 
Figure 10. NO2 trends at Lambeth-Brixton Road from 2015 to August 2018 for the de-weathered time series. Vertical lines indicate the 

start of new contracts (green dotted lines) and the number of retrofitted buses each month (blue dotted lines). The period when gas 

works took place on the A23, 1 mile north of the monitoring site, is indicated with a black dotted line.  

 

4. CONCLUSIONS 

• The number of NO2 hourly exceedances at Lambeth - Brixton Road was lowest in 2017, with a total of 

75 hours reading higher than 200 µg m-3. The number of exceedances in 2016 were 539. 

• In the period between 1 January to 8 August 2018, the hourly exceedances at Lambeth – Brixton Road 

exceeded those observed in 2017, with a total of 83. 

• Exceedances of hourly NO2 concentrations at Lambeth – Brixton Road were mostly measured on NW 

and SW wind conditions, when emissions from the road were transported to the monitoring site due 

to the dynamics of the street canyon.  

• The frequency of winds from both NW and SW were lower in 2018 compared to 2017.  

• The number of exceedances in 2018 (January to August 2018) measured during NW winds increased 

by 11 occurrences compared to 2017.  

• The frequency of hourly NO2 concentrations from the NW quadrant were significantly higher in 2018 

compared to 2017.  

• A random-forest model was built using time and meteorological variables explanatory variables. The 

model performed well with a R2 value of 0.70. 
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• The wind direction was the variable that was most important in explaining the variability of NO2 

concentrations. Air temperature and wind speed showed also other dependencies against NO2 

showing some conditions when NO2 concentrations were also high.  

• The de-weathered time series was used to calculate trends.  

• Meteorological conditions do not explain the increase in the number of exceedances in 2018 in 

comparison to 2017 and analysis points to a slight increase in the emissions from the road.  

• Changes in meteorology between 2017 and the first eight months in 2018 masked the slight increase 

in NO2 from the road. 

• NO2 concentrations at Lambeth – Brixton Road showed a consistent decrease from 2015 to mid-2017. 

NO2 concentrations reached its minimum in July 2017. Since then concentrations slightly increased 

and stabilized at 106 µg m-3.  

• The decrease of NO2 concentrations from mid-2015 to mid-2017 aligned with the introduction of new 

bus contracts with Euro VI vehicles.  

• A decrease was not observed after mid-2017. During this time, further new bus contracts were put in 

place and 220 buses had exhaust retrofits. Major roadworks also took place around one mile to the 

north of the monitoring site from August 2017 to March 2018.  

• We recommend that this analysis is repeated as more measurements become available. The analysis 

should also be extended to NOX. Similar analysis could be undertaken at other LAQN monitoring sites 

to track the progress of interventions to improve air pollution.  
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