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1.1 Murmuration’s indicators

WATER AIR BIODIVERSITY INFRASTRUCTURES
TOURISM

STATISTICS

- Air quality
- CO₂ emissions
- Carbon sequestration

- Water quality
- Aquatic coverage
- Water stress

- Land cover
- Urbanization
- Urban heat
- Coastal erosion

- Vegetation
- Forests
- Protected areas
- Presence of 
endangered species

- Tourist presence
- Touristic infrastructures
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1.2.1 Dashboards

1.2 Air quality monitoring
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1.3 Example in Istanbul
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2.1 Trade-off between spatial coverage and resolution 

Satellite data :

Coverage

Resolution
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2.1 Trade-off between spatial coverage and resolution 

Satellite data :

Coverage

Resolution

In-situ sensor data :

Coverage

Resolution
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2.1 Trade-off between spatial coverage and resolution 

Satellite data In-situ data
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2.1 Trade-off between spatial coverage and resolution 

Satellite data :

Coverage

Resolution

In-situ sensor data :

Coverage

Resolution

Air quality actors develop regional
models from in-situ sensors with
good accuracy, but these models are
not applicable to regions that are not
equipped with in-situ sensors.
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2.1 Trade-off between spatial coverage and resolution 

Satellite data :

Coverage

Resolution

Need :
- Global coverage
- High resolution

In-situ sensor data :

Coverage

Resolution
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3.1 Kim, Brunner and Kuhlman

3.1.1 Methodology

Model:
XGBoost Regressor

Data:
- TROPOMI NO₂ - Road length density
- In situ NO₂ measurements - Average traffic volume
- Meteorological data - Industrial emissions
- Land use data - Digital Elevation Model

3.1.2 Area of validation
North of Italy and Switzerland
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3.2.1 Methodology (same basis)

Model:
XGBoost Regressor

Differences in data choice:
- CAMS NO₂ instead of TROPOMI NO₂
- Tomtom data for traffic statistics
- Population density data instead of Land use data
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3.2 Murmuration’s implementation

Goals - The ability to generalize the algorithm on other locations
- The possibility to industrialize all over the world with accessible data

3.2.2 Area of validation
Île-De-France (region of Paris)
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4.1 Input data

Data source Variables Temporal 
coverage

Spatial 
coverage

Temporal 
resolution

Spatial 
resolution

Size (1 month of 
data)

CAMS Satellite NO₂ 2019 - 2022 Europe Hourly 0.1° (~10 km) 61 MB

ERA5

Precipitation
Temperature

Wind
Boundary layer height

1950 - 2022 Global Hourly 0.1° (~10 km) 138 MB

Copernicus Land Topography 2011 Europe - 25 m 51 kB

Humanitarian Data 
Exchange

Population density 2020 Global - 1 km 48 KB

Tomtom Statistics
Road traffic
Road classes

2021/01 France Hourly In-situ 300 GB -> 47 MB

Airparif In-situ NO₂ 2019 - 2021 Ile de France Hourly In-situ 55 MB

Model 
target

data

Model 
source

data
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4.2 Data processing

x10

Data cube

Harmonization AggregationExtraction

11x10km
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5.1 XGBoost Regressor
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5.1 XGBoost Regressor

Input
CAMS NO₂
Road traffic
Road class

Precipitations
Temperature

Boundary Layer Height
Wind

Weekday
Hour

Population density
Parameters :

Test size = 30%

744 samples (1 month)
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5.1 XGBoost Regressor

NO₂ prediction

Output

Input
CAMS NO₂
Road traffic
Road class

Precipitations
Temperature

Boundary Layer Height
Wind

Weekday
Hour

Population density
Parameters :

Test size = 30%

744 samples (1 month)
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6.1 Predictions
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6.1 Predictions

Satellite data Model prediction In-situ data
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MAE = 4.082 𝜇𝑔.𝑚−3

𝑅2 = 0.907

6.2 Model evaluation
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6.3 Explainability: SHAP
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7.1 Conclusion and perspectives

- High resolution NO2 prediction on new location with accessible data

Done

- Add more road traffic data and check the scores
- Validate on other locations : Atmo data
- Create high resolution maps in areas without in-situ sensors

Next steps
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8.1 CO correlation analysis 

Correlation scores
Daily : 0.81
Monthly : 0.93
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8.2 Methodology

Data gathering :
▪ In-situ CO data from the ICOS stations
▪ Satellite CO data
▪ Population density
▪ Land cover
▪ Meteorological data

Model :
▪ Train the AI model
▪ Evaluate the model
▪ Add new data
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8.1 XGBoost feature importance
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8.2 Analysis of Airparif stations’ situation
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8.3 Tomtom road classes

Tomtom Functional Road Classes

0 : Motorway
1  : International road
2 : Major road
3 : Secondary road
4 : Connecting road
5 : Major local road
6 : Local road
7 : Minor local road


