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Challenges of urban climatology
Lack of observational data

Regular weather stations are 
typically outside the cities

(Oke, 1987)

Complexity of scalesSpatial heterogeneity 

Variety of urban forms and land cover types



Variety of scales and measurements



Urban flux measurements

Urban Boundary Layer 
Measurements in Basel (BUBBLE, 
Rotach et al., 2005)

❑ To understand, what’s going with microclimate, we need to know energy 
fluxes between the surface and atmosphere, including the turbulent fluxes

❑ Basic theories of atmospheric turbulence (e.g. Monin-Obukhov theory) have 
strong limitations for heterogeneous urban areas)

❑ Eddy covariance method allows to measure heat, moisture and other fluxes 
through high-frequent (20 Hz) observations of wind speed, temperature, etc.

❑ Such measurements are needed both inside and above urban canopy, so we 
need high and expensive masts 



Urban flux measurements

EC equipment in field 
cross-validation tests

EC mast in MSU
EC experiment in street 
canyon

SMEAR III urban mast in 
Helsinki, Finland



Flux data for model development
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Limited data

Lack of the data above the “roof level”

Boundary layer measurements



New age of ABL studies with drones

CopterSonde (Segales et al., 2020)
Meteodrone

(www.meteomatics.com) 
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Measurements with mass-market DJI drones
by MSU and IAP team Temperature [°C]Temperature [°C] Wind speed [m/s]
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http://www.meteomatics.com/


New age of ABL studies with drones

https://www.meteomatics.com/

Our flight operations center



????

Urban heat island in Nadym (Siberia) according to 
ground-based measurements (Konstantinov et al., 2018)

Atmospheric inversions
and associated air quality problems

Lack of urban climate studies in high latitudes

(UCCRN, 2018) 

UBL studies in Arctic cities



UBL studies in Arctic cities

Rural 
site city

Rural site

city

UHI
vertical extent



Drone-based 3D networks
Passing measurements from drones

(like AMDAR from commercial planes) 

Dreams about the future



Non-traditional data sources
Crowdsourcing IoT



Smartphones and wearables 



Smart cars and cats



Citizen weather stations (CWSs)
❑ Citizen weather stations are 

becoming popular IoT gadgets

❑ The world’s largest network 
Netatmo 
(www.netatmo.com)

❑ Data is used for urban climate 
studies (Chapman et al., 2017; 
Fenner et al., 2017; Meier et 
al., 2017) and weather 
forecast improvement
(Nippen et al., 2020)



Citizen weather stations (CWSs)

Heating of the 
unshaded sensors

Stations inside
buildings

Sensor in the fridge??? (Varentsov et al., 2021)



CWSs for better weather forecasts

(Nipen et al., 2020)



Citizen air quality monitoring

Breathe.Moscow & Sensor.Community



http://carto.geogr.msu.ru/mosclim/

CWS data for urban climate services

http://carto.geogr.msu.ru/mosclim/
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Summary
❑ Urban meteorological networks for regular 

monitoring, research and human thermal 
stress warning (more insides will come from 
Pavel)

❑ High-quality eddy covariance measurements 
from masts for comprehensive studies on 
urban energy exchange and model 
development

❑ Drones and ground-based remote sensing for 
urban boundary layer studies and also for 
model development

❑ Crowdsousing data at the forefront of 
spatially-resolving urban studies, weather 
forecast improvement and new-generation 
public services 


