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Motivation: needs for urban weather observations
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Motivation: citizen weather stations (CWSs)

J Crowdsourced CWS
networks as part of
“Internet of things”
concept

1 The world’s biggest CWS
network Netatmo
(www.netatmo.com)

 Already used for urban

climate studies

(e.g. Chapman et al., 2017;
Fenner et al., 2017; Meier

et al.,, 2017) and in NWP

(Nippen et al., 2020)

NETATMO
personal weather station

Master your own climate measurements on your

smartphone.
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City # CWS
June 2018

Basel 940
Berlin 2100
Bern 650
Gothenburg 410
Hamburg 1190
Lisbon 150
London 830
Moscow 730
Paris 6380
Toulouse 720
Stuttgart 840
Atlanta 90
New York City 210
Phoenix 160
Santiago de Chile 130
Vancouver 150
Seoul 20

Data from (Meier et al., 2018)



Moscow as a test-bed for urban climate studies

The biggest agglomeration in Europe (=17-10° people)

Flat and homogenous surrounding landscape

Dense official meteorological networks

Intense UHI, already analyzed in many studies based on

observations, remote sensing and modelling
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CWS data collection

U Original software for automated data collection using Netatmo API is developed

O Running for Moscow region since September 2019 1400 . ‘ . .
and for other selected cities since May 2020 13650 - WA\ -
1300 - M /W ]
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How good are Netatmo observations?
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Quality control of CWS data

Quality control (QC) is essential part of the May-June 2019 Dec 2018 - Jan 2019

work with CWS data 60 | | | | S | | | | |

QC algorithm for Moscow is based on the Heating Sweuon-teml | |, Sensors inside OWS (L0, n = 1646)
ideas from previous studies (Meier et al., of the unshaded CWS (L3, n = 536) ~ the buildings WS 15 m 505
2017; Napoly et al., 2018), but involve more | sensors \ — Peforenen minimax || 50! \ o CWS (4 n=550)
intensively the reference (official) data |

LO: CWSs with same locations are removed

L1: CWSs with high ration of missing data are
removed

L2: filtering based on temperature means and
STDs for given intervals (14 days). Acceptable
ranges are determined by the reference data set.

Temperature [°C]

L3: filtering based on correlation between CWS
and reference temperature time series STDs for
given intervals (14 days).

Sensor in a fridge???

L4: filtering of the data for specific moments

. O | | | | | | _30 1 | | | I |
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Moscow city and surrounding (100 km)




CWS data for urban climate research

Summer (May-June 2019)

49 cases, 349 cws
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CWS data for urban climate research

Local-scale factors of
the station’s vicinity:

LCZ type,
Impervious area\

fraction, building
density, etc.
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Spatial patterns of the winter UHI

2017.01.08 06:00

All cases Jan 2017
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Spatial patterns of the winter UHI

All cases Jan 2017 2017.01.10 00:00

7-9 Jan 2017 - one of the coldest
periods in Moscow in XXI century
(Yushkov et al., 2019)
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CWS data for real-time monitoring applications

The prototype of the near-real-time
mapping web-application

CWS data download
by Netatmo API

requests

Parsing of the official Roshydromet
data from open-access source
(www.pogodaiklimat.ru)

\ 4

Database in PostgreSQL

\ 4

Pre-processing, quality control
(under development)

Spatial interpolation
(planned)

Real-time calculation of

" the thermal comfort
i indices (planned)

Visualization using Node.js & OpenlLayers
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Towards real-time thermal comfort assessment

Modern biometeorological indices, based on environmental data and physiological models:

* PET (Physiologically-Equivalent temperature)

* UTCI (Universal Thermal Stress Index)

Interpolated fields
based on CWS and
official observations

Data from official
weather stations
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Near-real-time
thermal comfort
mapping at the
intra-urban scale

The problem: convenient tool for calculating PET and UTCI is RayMan software

(Matzarakis et al., 2010), which is not adopted for automated work.

Possible solutions: to use external software for automatization (Perkurova et al., 2019),
to re-write the model or to use open-source tools (only possible for UTCI).



Conclusion

The data of Netatmo CWSs could open a new era in the spatially-resolved
urban climate studies.

CWS data could be strongly biased, but QC algorithms allows to filter out the
representative data

Importance of the non-local effects for UHI spatial patterns is already shown
with a use of CWS and reference data

CWS data is prospective for real-time monitoring applications, with a focus on
human thermal comfort as well as on dangerous atmospheric processes such
as a deep convection

Preliminary results will be published soon: Varentsov M.l., Konstantinov P.l., Shartova N.V.,, Samsonov T. E., Kargashin P.
E., Varentsov A.l.,, Fenner D., Meier F. Urban heat island of the Moscow megacity: the long-term trends and new
approaches for monitoring and research based on crowdsourcing data // |IOP Conference Series: Earth and
Environmental Science. 2020. (accepted)



Thank you for attention?
Any questions, ideas or suggestions?

mvar91(@gmail.com
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