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MoTuBauua: ropoackue napameTpmsaumm

Me3somacwuTtabHblie mMmogenu noroabl U KimmaTta lfopoackue napameTpusaum pasHOM CTENEHU C/IOXKHOCTHU
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MoTuBayuma: npoekT Urban Plumber

Habop gaHHbIX Urban Plumber (Lipson et al., 2022, ESSD)

[laHHble HabAoAeHMI 33 NOTOKaMM SSIBHOMO TENAa, BAarn u
MMMNYNbCa Bbllle YPOBHA KpPbiLl

[aHHble dopcuHra — npuxogAlLne pagmaLMoHHbIe MOTOKU U
MeTeonapameTpbl B aTmochepe Haz ropoaom

XapaKTepPUCTMKN NOACTUNAIOLLLEN NOBEPXHOCTU N TOPOACKOM
3aCTPOMKKN B OKPECTHOCTAX TOYKM HabatoaeHUN

EAMHan CTPYKTypa AaHHbIX U MeTagaHHbIX 41A BCEX TOPOAOB

= JlaHHble B OTKPbITOM A0CTyne

FR-Capitole (43.6035.1.4454)

Site photo. @ V. Masson Site aerial photo with 500 m radius. © OpenStreetMap, Microsoft

Lipson et al. (2022, ESSD). Harmonized gap-filled datasets from 20 urban flux tower sites.

Lipson et al. (2023, QJRMS). Evaluation of 30 urban land surface models in the
Urban-PLUMBER project: Phase 1 results.
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Urban-PLUMBER model evaluation project

https://urban-plumber.github.io/




Lesb nccneaosaHun

Co3paHume maccuBa gaHHbIX HabatogeHn 3a TypbyneHTHbIM 0bMmeHOM Urban-PLUMBER sites
ropoAckux naHawadTtoB ¢ atTmocheport no ctTaHaapTam npoekta Urban
Plumber ans KOHTMHeHTaNbHbIX pailoHOB CeBepHoi EBpasuum, a P
MMeHHO anAa ropogos Mockea, Tomck u lNeKuH.

NCA-Sunset

Us-Minneapolis1 & 2
O s galtimore®
US-WestPhoenix
(e}

3apaum: -
e Cb6op 1 cuctematTmsauma gaHHbIX HabaoaeHUN

*  ®unbTpauna BbiIBPOCOB U KOHTPO/Ib KayecTBa AaHHbIX
* [lepBUYHbIN aHaNN3 AaHHbIX HabatogeHNI Observed period

O >1000 days

* [loaKOBKa AaHHbIX O MAapamMeTpax NOBEPXHOCTU U 3aCTPOUNKMU &

o <365 days




HabaogeHna B MOCKOBCKOM permoHe

Meteoo6cepBatopusa MIY umenmn M.B. JlomoHOocoBa
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AptamoHoB u gp. 2018, Barskov et al. (2023, BLM), Apo3a v ap. (2023, PAO).



CeTb TomskFluxNet B r. TomcK

https://tomskfluxnet.ru/
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TenbmuHoB A. E. n ap. (2025). PermoHanbHasa cuctema MOHUTOPUHIa TYpbyneHTHOro sHeproobmeHa atmocgepbl C NOBEPXHOCTbIO B rOPOACKUX YC/I0BUAX



HabaoageHna MUOA KAH B lNekuHe

I1e|<m-|", 25 v , 1 v : Xianghe (Canxe), 80 m,
15 ypoBHenr : 3 YPOBHA
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Photo by Irina Repina

Li et al. (2015, ERL) Contrasting responses of urban and rural
surface energy budgets to heat waves ...




[MapameTpbl NOBEPXHOCTU U 3aCTPOUKMU
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[lapameTpbl NOBEPXHOCTU U 3aCT

Site characteristics

‘ id parameter

e

OUKH

value units source

1 | latitude 43.6035 | degrees north | Masson et al. (2008)

2 | longitude 1.4454 | degrees_east Masson et al. (2008)

3 | ground_height 143 | m Masson, pers.

comms.

4 | measurement_height_above ground 4805 | m Goret et al. (2019)

5 | impervious_area_fraction 09 | 1 Goret et al. (2019)

6 | tree_area fraction 008 | 1 Goret et al. (2019)

7 | grass_area_fraction 002 |1 Goret et al. (2019)

8 | bare_soil _area_fraction 0|1 Goret et al. (2019)

9 | water_area_fraction 0|1 Goret et al. (2019)
10 | roof area_fraction 062 | 1 Goret et al. (2019)
11 | road_area_fraction 028 | 1 Goret et al. (2019)
12 | other paved area_fraction 0|1 included in road

fraction

13 | building_mean_height 15 | m Goret et al. (2019)

14 | tree_mean_height 15 | m Goret et al. (2019)

15 | roughness_length_momentum 1.5 | m Goret et al. (2019)
(rule of thumb)

16 | displacement_height 10.5 | m Goret et al. (2019)
(rule of thumb)

17 | canyon_height width_ratio 132 | 1 estimated, see notes

18 | wall_to_plan_area_ratio 1|1 Goret et al. (2019)

19 | average albedo_at midday 0127 | 1 median of
observations

20 | resident_population_density 13000 | person/km?2 Goret et al. (2019)

21 | anthropogenic_heat flux_mean 47.5 | W/m2 Varquez et al. (2021)

22 | topsoil_clay_fraction 019 | 1 OpenlLandMap

23 | topsoil_sand_fraction 047 | 1 OpenlandMap

24 | topsoil_bulk_density 1370 | kg/m3 OpenlLandMap

25 | building_height_standard_deviation 6.1 | m Ratti et al. (2002)




[lapameTpbl NOBEPXHOCTU U 3aCTPOUKMU

OUERTURE MAPS
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MUcxoaHble AaHHble:
[laHHble o 3acTpoiike (Overture maps)

Linpposas moaenb penveda (FabDEM)
Tunbl 3emenbHoro nokposa (ESA WorldCover)

KaprI JIOKaJ/ibHbl€ KIMMATUYECKUNE 30HDbI

BoccTaHOBAEHME 3TaXKHOCTU 34aHUiI, rae
OHa Heu3BecCTHa, C MOMOLLbIO MaLLMHHOIO

obyueHuna (Okuneva et al., 2025) -
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MpepcTaBneHue aaHHbIX B popmarte
MHOrOKaHa/IbHOro pacTpa BbICOKOro

pa3speweHua (5 m)

OpenStreetMap |

ArperupoBaHue B npeaenax oKpecTHocTel

TOYEeK M3mepe|-mﬁ
Okuneva et al. (2025, Moscow Univ. Phy. Bull) Building Height Reconstruction Using Machine Learning and ArcticDEM Digital Surface Model



[MapameTpbl NOBEPXHOCTU U 3aCTPOUKMU

MockBa, Ml'Y Mocksa, 3HC Tomck, O6nKom TomcK, UMK3C TomcK, B3K

BbicoTa 3gaHuin [M] BbicoTa 3aaHuin [M] BbicoTa 3gaHuin [M] BbicoTa 3paHunn [M] BbicoTa 3gaHun [M]




O6paboTKa AaHHDbIX

O6paboTka NCcXoAHbIX AAHHDbIX
HE3aBMCMMO ANA KaXKAoM U3 MaudT, pacyet
MOTOKOB C ANCKpeTHOCTbo 20/30 MUHYT

dunbrpayun
No NOPOroBbiM 3HAYEHUAM

[-300, 600],
[-300, 600],
[0, 5],
[0, 1]}

filter_lims = {'Qh’:
'Qle’:
‘Qtau’:
'Cd’:

NapeHTndukauma sbibpocos

No KPUTEPUIO 5-0 C Y4ETOM CYTOYHOTO U
CEe30HHOr0 X043
(pa3mep okHa 3 4 * 30 aHeln) c noBTOPOM
oTaenbHo ana Tau, H, LE, Cd

BbibpaKkoBKa BCEX CPOKOB C
Bbibpocamu no ntobomy u3
napametpos (Tau, H, LE, Cd)
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site = Moscow_MSU_2m site = Moscow_MSU_11m site = Moscow_MSU_19m site = Moscow_LOD_31m site = Moscow_ZNS_56m
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AHanun3 aaHHbIX: MOCKBa
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2025.0{55.01 - 2025.07.01, ocpenHeHune 3a 10 gHen
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AHanun3 gaHHbIX: [leKnH

2024.06.01 - 2024.07.01, ocpenHeHue 3a 14 aoHen
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3aK/Il04YeHue

v MoprotosneH Habop AaHHbIX HABAIOAEHMI 33 XapaKTePUCTUKAMN TYPOYNEeHTHOro
3HeproobmeHa NoBepxHOCTU ¢ aTmocdepoit ¢ 9 mauT B 3-x ropoaa CeBepHon EBpasnm
(MockBa, TomcK, NeknH) no ctaHaapTamm npoekta Urban Plumber.

v PaspabotaHa MC-TexHoMOrMa onpeaeneHmna xapakTepucTMK 3emMesIbHOro NoKpoBsa U
3aCTPOMKM B OKPECTHOCTAX MAyT Ha OCHoBe AaHHbIX Overture Maps U MmallMHHOro obyyeHus.

v' [InAa BCex ropofoB ANarHOCTMPOBaHbl XapaKTePHbIe Pa3MymnA NOTOKOB Ternaa U UMNyabca Haj,
ropoAcKMmmn nu oHOBbIMM NaHaLwapTamu.

v B TomcKe 31MOW cpeHemecaYHble 3HaYeHUA NOToKa ABHOro Tenna gocturatot 50-75 Bt/m?2 8
CPaBHEHMM C OKOJIOHY/IEBbIMUM 3aropoAHbIMMN 3HAYEHUAMM, NMOKa3bIBAA CYLLECTBEHHbIN BKNAL,
AHTPONOreHHOro NOToKa Tenna.

MNepcneKkTuBbl: gononHeHNe Habop AaHHbIX HabaoaAeHNAMM 33 NPUXoAALLEN KOPOTKOBOTHOBOW U
AJIMHHOBONTHOBOW paanaunen; sepudpuKkaums moaenemn ropoackoro nonora B obdnanH (TEB-Ru,
TerM) n oHnanH (COSMO, ICON, WRF) pexunme.

https://github.com/
mvarentsov/UrbanFluxesNE




Extra slides




MoTuBayua: ropogckme napameTpusaymuu

Bepudpukauma coBMeCTHbIX moaesieid No AaHHbIM MEeTeOCTaHL UM Bepudukauua napametpusaumii no 4aHHbIM
3HeprobanaHcoBbiX HabaoaeHUM

Radiometer

AHomanusa temnepatypsl [°C]

BUBBLE Experiment

(Varentsov et al., 2020; Kuznetsova et al., 2024; Tarasova et al., 2025) (Boundary Layer Measurements in Basel, Rotach et al., 2005)



Data analysis strategy

variable

Rural (BEK)

—— Urban (IMCES mast, 40 m)
— Urban (Oblkom)

What to
do with
this data?

600
400
200

L

—200

Sensible heat flux H, W-m-2

—400

Jan 2023 Jul 2023 Jan 2024 Jul 2024 Jan 2025

150

Heatwave, urban | . 4 | (2015)

— = Background, urban
Heatwave,rural
= = Background,rural

= Quality-control based on ideas from Lipson et al. (2022)

100 t
= Focus on the urban-rural differences of mean diurnal cycles

50

H (Wim?)

= Averaging over days with low fraction of missing data & failed QC
for given subsets of sites ( < 10% of bad/missing data)




Hardware & software

= 80 Hz sonic anemometers AMK-4
produced by Sibanalitpribor LLC, Tomsk,
Russia (wWww.meteosap.ru)

Sensible heat flux

* Locally-developed hardware & software w L
for data collection, storage and eddy-
covariance calculations

50

B/m

=  Numerous turbulent moments for b=
analysis: H, tau, TKE, L, u*, uv, uw, vw,
wt, ut, vt, uu, vv, uut, vvt, wwt, utt, vtt,
wtt, uvt, uwt, vwt, wuu, wvv, uuu, vy, w L — ‘ | | | | | | |
www, ttt, wuvw, etc. | |



http://www.meteosap.ru/

What are the source areas?

-700

-1400

-1400 -700 4] 700 1400

Kljun et al. (2015, GMD). A simple two-dimensional parameterisation for Flux Footprint Prediction (FFP)
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