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Why Study Weather 
and Air Pollution 
Together?

• 4.14 million premature deaths 
linked to outdoor air pollution (2019) 
[1]

• Urban population expected to reach 
~70% by 2050 [1]

• Exposure to:
• NO₂ 
• PM₂.₅ 
• O₃ 
• remains a major public health 

concern [2]



Key 
Challenge



Research Gap

• Existing Research

• ✓ Large cities

• ✓ National-scale studies

• ✓ Synoptic weather classifications

• Lamb Weather Types (LWTs) [4] 

• North Atlantic Oscillation (NAO) [6]

• Limited Understanding

• Small and medium-sized UK towns

• Multi-pollutant behaviour

• Pollution persistence under different 
weather conditions



Aim & Objectives

Aim
• To investigate how meteorological 

conditions influence multi-
pollutant urban air pollution 
behaviour in a medium-sized UK 
town.

Objectives

• Assess whether meteorology can predict 
pollution states. 

• Identify key meteorological drivers of 
pollution variability. 

• Develop machine-learning informed 
weather regimes. 

• Evaluate pollution burden and persistence 
under each regime. 

• Quantify exposure risk associated with 
different atmospheric conditions.



Study Area

• Loughborough, UK

• Medium-sized university town 

• Population ~103,000 [12] 

• East Midlands, United Kingdom

• To investigate pollution behaviour 
within the town, Loughborough 
University campus was used as an 
urban analogue...



Why Loughborough 
University?

• Embedded within the urban 
environment
• Multiple air-quality monitoring 

stations
• Continuous meteorological 

observations
• Represents mixed urban activities
• Academic buildings 
• Residential areas 
• Sports facilities 
• Traffic movement



Data 
Collection

• The pollution data is usually 
collected on daily basis for the 
period of 24 hours from the air 
sampling units installed at 
strategic locations in campus.

• Pollutants under study:
• Nitrogen Oxide (NO)
• Nitrogen Dioxide (NO2)
• Particulate Matter (1, 2.5 

and 10)
• Ozone (O3)

• The metrological conditions are 
being monitored and reported by 
the campus weather station. 
Weather parameters under study 
are:

• Temperature,
• Humidity,
• Rainfall
• Wind Speed
• Absolute Pressure



METHODOLOGY



Redefining High Pollution Through Dynamic 
Thresholds







The Core 4 Weather Regimes

Regime

Temperatur
e
(ºC)

Humidity
(%)

Wind Speed
(m/s)

Absolute
Pressure
(hPa) Regime Name

1 15.74 78.35 0.95 1004.83

Warm-High
Pressure-
Unventilated

2 8.61 81.08 2.48 1004.00
Cold-Low Pressure-
Ventilated

3 6.60 88.99 1.19 1014.59
Cold-High Pressure-
Unventilated

4 8.16 91.24 1.51 988.35
Cold-Low Pressure-
Unventilated



Regime Occupancy: Which skies dominate 
Loughborough



Pollution Burden of Weather Regimes
• To quantify how frequently 

each regime is associated with 
polluted conditions, a 
pollution severity score (Sr) 
was computed by converting 
daily pollution states (Safe, 
Medium and Polluted) into 
weighted values (Low=0, 
Medium= 0.5, High = 1) and 
computing a weighted average 
based on their proportion 
within each regime.





Pollution Persistence and Spell Characteristics

• The polluted spells database was 
calculated by:

Spell length (L) = number of consecutive 
polluted days

• The mean polluted spell length 
was calculated by:

𝑀𝑒𝑎𝑛 𝑆𝑝𝑒𝑙𝑙 𝐿𝑒𝑛𝑔𝑡ℎ(𝑟) =
1

𝑚
∑𝐿𝑗​









Conclusion
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Any Questions / Suggestions?
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