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Threats to the ecological safety of the St. Petersburg population
due to a climate warming

Main threats:

« roadbed and tire wear due to asphalt melting;

« emission of pollutants;

« accelerated reproduction of harmful insects;

» Dblackouts as a result of the mass switching on of climate control systems;

« growth of climate sensitive diseases and mortality of population, as a
result of overheating of environment.



The thermal response of St. Petersburg to climate warming

Algorithm of prediction

Temperature forecast

Mapping the thermal properties of
land surface, that determine the
response to climate warming

p —thermal inertia;

A — albedo;

Ev — evaporation rate;
£— emissivity.

Modeling the thermal response of
urban surface on climate

warming




Prediction of surface temperature in the St. Petersburg Heat Island

Day-time urban surface temperature in the end of July according Aqua(MODIS) satellite

St. Petersburg (Russia) Kiev (Ukraine)
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knumara (no matepmanam cbemok cnytHmkamm EOS n Landsat) // CoBpemeHHble npobnemMbl ANCTaHLMOHHOIO
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Air convection in the St. Petersburg Heat Island

Experimental proofs

Model of air circulation
Inside a urban heat island
(Cotton, Pielke, 2007)
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Vertical profiles of wind speed
(June 22, 2015, 15 : 07)
According lidar sounding

(CanyHoB 1 gp., 2016)
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H. — height of convective sell

B.W. NopHbIn 1 ap. O umpKynaumMm BO3AyLHbBIX Macc B «TEMMOBbIX OCTpoBax» ropoaos // CoBpeMeHHble Npobnembi
ANCTaHUMOHHOIO 30HAMpoBaHuA 3emnu n3 kocmoca. 2017. T. 14. Ne 4. C. 207-212.




Forecast of St. Petersburg surface temperature in 2024

Beginning of August 2024
(according NOAA and Aqua satellite data)

Day time land surface
temperature

Long term level of trend in 2014 r. +25,1°C

Characteristics

Long term level of trend in 2024 . +28,1°C

Average, during the most heated +37,1°C
day in 2024 (at least)

Local maxima in 2024 (at least) +50,4°C

Temperature of bitumen melting in a road cover: +33°C - +51°C.
(Russian State Standard 11506)



Thermal properties of St. Petersburg surface

\VETS

A. Albedo.
B. Anthropogenic

heat flux.

C. Emissivity.

D. Thermal inertia.

E. Portion of evaporation.

B.W. TopHbI 1 gp. Tennogusnyeckne cBOMCTBA NOBEPXHOCTU
ropockou cpeapl (Mo pesynsratam CNyTHUKOBbLIX CbeMOK
CankT-lNeTepbypra n Knesa) // CoBpemeHHble npobrnemsbl
ANCTaHLMOHHOIo 3oHanpoBaHnsa 3emnn n3 kocmoca. 2017. T. 14.
Ne 3. C. 51-66
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Specificity of thermal properties of functional zones

WHKpemeHT Tennoeoro noToka, Br/m?

Classification
of thermal properties

Functional zones:

1. Recreational in suburbs

2. Recreational inside city

3. Private houses (Dachas).

4. Low-rise, multi-family
buildings

5. Multi-storey - new buildings

6. Mid-rise and multi-storey

7. Downtown: Social - business

8. Transport infrastructure

9. Industrial

10. Confidence intervals

Functional zones
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Thermal response of St. Petersburg to climate warming

Long term level of surface temperature Long term level of surface temperature
trend in 2014: +25,1°C trend in 2024: +28,1°C

Tesmepaypa 11'CC. Tesmeparypa HI'CC.
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Percent of areas, overheated over +30°C :
2% 38,3%

A. A. TpoHuH, B. WN. TopHbin, B. H. I'py3aes, b. B. lunnH. MHoroneTHne aspokocMmnyeckne HabnogeHus temnepatypbl 3eMHOM
nosepxHoctn Cesepo-3anagHoro pernoHa PP // CoBpemeHHble NpobnemMbl ANCTaHLMOHHOIO 30HANPOBAHNSA 3eMNN U3 KOCMOCa.
2017.T.14. Ne 6. C. 73-96.



Risk of St. Petersburg surface overheating



Risk of St. Petersburg surface overheating

Functional zones of St. Petersburg

Map of risk of overheating (General plan 2015-2025)

over +30°C of St. Petersburg surface
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7. Industrial and transport zones
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Risk of overheating of St-Petersburg municipal districts (MD)

MD MD
Sestroretsk Yugo-Zapad

Pavlovsk Finlyandskii

Aptekarskii Narvskii okrug




Mortality of St. Peterburg population



Mortality rising after air temperature elevation

Helsinki helped to St. Petersburg

Mortality in Helsinki versus
apparent temperature
(1994 - 2014)

-10 0 10 20 30
PETmean (°C)

Economic loss of one early death is 2 270 000 rubles.

(OueHKa pucka u yuwepba om KrumMamu4ecKkux U3MeHeHuU, 8nusirouux
Ha nosblweHue yposHs 3abosiegaemocmu U CMepPMmMHOCMU 8 epyrnax
HacersieHus rosbiueHHo20 pucka: Memoduyeckue pekomeHOayuu.

- M.: ®edeparnbHbIl UeHMp 2u2ueHbl U 3rnudemuonoauu
PocriompebHadsopa, 2012.— 48 c.).



Mortality in St. Petersburg caused by overheating
June-August 2017

WA >
L N o
3
\

Mortality : 223 people
Economical loss: 500 million rubles

- - no solution;

- - waterbodies;

Industrial zones - old. o Vel
Industrial zones - modern. r Bps
“Sleeping areas” modern. 5

“Sleeping areas” 1980-th.
“Sleeping areas” 5-story buildings.

Risk of mortality
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Satellite mapping
of
the accumulated ecological damage
(0]
forest ecosystems



Surface Energy Budget

Surface energy balance:

S~(1-A)=H+LE+G+R (1

where:

S — shortwave solar radiation; G — heat flux in the soil:
A — surface albedo; R — far IR radiation budget;
H — sensible heat flux;
LE — latent heat flux;

H=k~p=~c~AT/Ah (2) LE = D*p*L*Ae/p,Ah (3)

where:

AT =T s— T, - temperature difference A€ = €gyrf— €4y VaAPOT partial pressure
between the surface and air on the height  difference between the surface and
Ah: air on the height Ah;
k — heat exchange (turbulent) coefficient; D —mass exchange (turbulent
p, ¢ — air density and heat capacity:; diffusion) coefficient;

p, — air pressure
L — specific latent heat;
p — air density;



Data

Object of investigation: Taiga Biome ecosystems of Leningrad Oblast’ of
Russia and Finland

Investigating territory

We used information fram Finland again

Flux towers:

1 — Siikaneva

2 — Hyytiala Qﬁ
3 — Kumpula
4 - Torni
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Hyytiala flux tower Data

Siikaneva flux tower

Marshland




Forest
| atent Heat Flux:

- measured at Hyytiala flux tower;
- simulated by used
satellite & meteorological data.

- measured
e . -Ssimulated
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Forest
Sensible Heat Flux:

measured at Hyytiala flux tower;
simulated by used
satellite & meteorological data.
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Map of Evaporation Rate
27-29, June 2010

Russia - Finland
border

Saint-
Petersburg

Normalized evaporation rate . .
Russia - Estonia
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Forests of Leningrad Oblast’

Map of vegetation
according satellite data
(Space Research Institute)
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Forests:
- Dark conifer

Light coniferous

I Deciduous

[ Mixed with a predominance of conifers
B Mixed

B vixed with a predominance of deciduous
[ ] Meadows

[ Marsh

B Forest cinder

[ | Arable land

|| Soils and outcrops of rocks

[ ] water bodies

[ | Urbanized areas

Border of Oblast’

| Border of regions
| Foreign territories




Cost of accumulated ecological damage to forest ecosystems

Map of value of ecological Cost of accumulated ecological damage
damage to forest ecosystems of districts of Leningrad Oblast’

Damage District Damage

District 108 rubles 108 rubles

St.Petersburg 834 Kiros\vskii

Boksitogorskii 10832  Lodeinoplskii

VolosovskKii 2970 Lomonosovskii
Volhovskii 7159 Luzhskii
Vsevolozhskii 5271 Podporozhskii
VyborgskKii 16 631 Priozerskii
Gatchinskii 3000 Slancevskii
Kingiseppskii 5116 Tihvinskii

Kirishskii 4 380 Tosnenskii

Map of districts
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Water flood
In the mouth of river Neva



Sentinel -1 radar image of Gulf of Finland

Neva water flood
Date: 27.09.2018 Time: 04 h 25 min Greenwich time

Structure of
waves

Reflected signal

»




Sentinel 1 radar image of Gulf of Finland

Neva water flood

Differences between 27.09.2018 — 15.09.2018.
Blue color — water flood




Thank you for your attention!



