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1.1. MURMANSKMURMANSK ((RUSSIARUSSIA)       )       302 302 000000 peoplepeople

2.2. NORILSKNORILSK ((RUSSIARUSSIA)           )           177 177 000 people000 people

3.3. VORKUTAVORKUTA ((RUSSIARUSSIA)              )              64 64 000 people000 people

World’s biggest polar citiesWorld’s biggest polar cities (тор(тор--5) : 5) : World’s biggest polar citiesWorld’s biggest polar cities (тор(тор--5) : 5) : 

3.3. VORKUTAVORKUTA ((RUSSIARUSSIA)              )              64 64 000 people000 people

4.4. TROMSOTROMSO ((NORWAYNORWAY)            )            61 61 000 people000 people

5.5. APATITYAPATITY ((RUSSIARUSSIA)             )             59 59 000 people000 people



Murmansk

Apatity

Vorkuta

Norilsk
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Research area (5 expeditions)Research area (5 expeditions)Research area (5 expeditions)Research area (5 expeditions)



Norilsk (December 2013)Norilsk (December 2013)Norilsk (December 2013)Norilsk (December 2013)



Murmansk (JanMurmansk (Jan--Feb 2014)Feb 2014)Murmansk (JanMurmansk (Jan--Feb 2014)Feb 2014)



ApatityApatity (Jan(Jan--Feb 2014; 2015)Feb 2014; 2015)ApatityApatity (Jan(Jan--Feb 2014; 2015)Feb 2014; 2015)



VorkutaVorkuta
((MarchMarch 2014)2014)((MarchMarch 2014)2014)



1.1. First  complex experimental studyFirst  complex experimental study of of 

temporal and spatial characteristics of temporal and spatial characteristics of 

Urban Heat IslandUrban Heat Island in 4 biggest polar cities in in 4 biggest polar cities in 

the world (in Russia).the world (in Russia).

Main features of the caseMain features of the case--stydystydy::Main features of the caseMain features of the case--stydystydy::

the world (in Russia).the world (in Russia).

2.2. For obtaining good data quality, we used For obtaining good data quality, we used 

3 different measurements techniques3 different measurements techniques

3.3. Evaluation of possible Evaluation of possible economical effecteconomical effect of of 

UHI at polar city heating system UHI at polar city heating system 



Stationary automatic Stationary automatic 

weather stations (AWS)weather stations (AWS)

Stationary automatic Stationary automatic 

weather stations (AWS)weather stations (AWS)

LowLow--cost cost compact compact 

temperature temperature sensors sensors 

((iButtoniButton))

LowLow--cost cost compact compact 

temperature temperature sensors sensors 

((iButtoniButton))

Mobile Mobile 

weather stationweather station

Mobile Mobile 

weather stationweather station

MTPMTP--5 microwave 5 microwave 

temperature profiler temperature profiler 

(Norilsk only)(Norilsk only)

MTPMTP--5 microwave 5 microwave 

temperature profiler temperature profiler 

(Norilsk only)(Norilsk only)

Measurements techniques:Measurements techniques:Measurements techniques:Measurements techniques:

In situ measurementsIn situ measurements

PostPost--processing of  the raw dataprocessing of  the raw data

(synchronization, quality(synchronization, quality--control, correction)control, correction)

PostPost--processing of  the raw dataprocessing of  the raw data

(synchronization, quality(synchronization, quality--control, correction)control, correction)

Building 2D temperature fieldsBuilding 2D temperature fields

((geostatisticalgeostatistical modelling)modelling)

Building 2D temperature fieldsBuilding 2D temperature fields

((geostatisticalgeostatistical modelling)modelling)



Car-based temperature sounding 
(Davis AWS ) + GPS tracker

AWS in city center

Car-based temperature sounding
(AWS + GPS)

Measurement techniques:Measurement techniques:Measurement techniques:Measurement techniques:

AWS rural zone

iButton sensors



NorilskNorilsk

Military base

Measurements network:Measurements network:Measurements network:Measurements network:

Meteorological 

observatory & MTP-5

AWS

iButton sensors

Measurements in urban 

canyon

Observatory



Apatity (2014)

Murmansk

Measurements network:Measurements network:Measurements network:Measurements network:



VorkutaVorkuta

Measurements network:Measurements network:Measurements network:Measurements network:



ApatityApatity
(2015)(2015)

iButton sensor
AWS                           

Measurements network:Measurements network:Measurements network:Measurements network:



Preliminary resultsPreliminary resultsPreliminary resultsPreliminary results



Apatity, 

Apatity, 

2014 (#6)

Mean square error
# of sounding Dyn. corr No corr

1. Apatity

31.01.2015 1.191.19 1.41.4
2. Apatity

31.01.2015 0.360.36 0.310.31
3. Apatity

30.01.2015 0.320.32 0.670.67
4. Apatity

29.01.2014 1.641.64 1.691.69
5. Apatity

30.01.2014 0.90.9 1.141.14
6. Apatity

0.450.45 11

Mobile Mobile measurementsmeasurements
vvss

stationary stationary sensorssensors

Norilsk (#7) Apatity, 

2015 (#1)

Apatity, 

2015 (#3)

Apatity, 

2014 (#4)

6. Apatity

02.02.2014 0.450.45 11
7. Norilsk 

21.12.2013 0.370.37 0.480.48
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Preliminary results: Preliminary results: MurmanskMurmanskPreliminary results: Preliminary results: MurmanskMurmansk
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5-days

average

Case with 

maximum UHI
Anther case with 

maximum UHI

Preliminary results: Preliminary results: MurmanskMurmanskPreliminary results: Preliminary results: MurmanskMurmansk

Spatial distribution of Spatial distribution of ttemperature anomalyemperature anomaly (deviation from area mean) is shown(deviation from area mean) is shown
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Preliminary results: Preliminary results: ApatityApatity (2014)(2014)Preliminary results: Preliminary results: ApatityApatity (2014)(2014)
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Case with max. UHI 

(1-hour average)
5-days average

Preliminary results: Preliminary results: ApatityApatity (2014)(2014)Preliminary results: Preliminary results: ApatityApatity (2014)(2014)

Spatial distribution of Spatial distribution of the temperature anomaly the temperature anomaly -- deviation from mean value at background deviation from mean value at background 
points (points (MeteoMeteo station and AWS located outside of the map border). Solid isotherms go every 1 station and AWS located outside of the map border). Solid isotherms go every 1 ⁰C⁰C
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Preliminary results: Preliminary results: ApatityApatity (2015)(2015)Preliminary results: Preliminary results: ApatityApatity (2015)(2015)
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Case with max. UHI 

(1-hour average)
6-days average

Preliminary results: Preliminary results: ApatityApatity (2015)(2015)Preliminary results: Preliminary results: ApatityApatity (2015)(2015)

Spatial distribution of Spatial distribution of the temperature anomaly the temperature anomaly -- deviation from mean value at background deviation from mean value at background 
points (points (MeteoMeteo station, AWS in forest and several station, AWS in forest and several iButtonsiButtons). ). Solid isotherms go every 1 Solid isotherms go every 1 ⁰C⁰C
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Preliminary results: Preliminary results: NorilskNorilskPreliminary results: Preliminary results: NorilskNorilsk

990

1000

1010

1020

1030

0

2

4

6

8

10

0 6 12 18 0 6 12 18 0 6 12 18

S
LP

, 
h

P
a

W
in

d
 s

p
e

e
d

, 
m

/s

Local time, hours

Wind speed Sea level pressure

0

3

-40

-35

∆
T

 (
u

rb
a

n
 

Te
m

p
e

ra
tu

re
, 



3-day average
Case with max. UHI 

(1-hour average)

Preliminary results: Preliminary results: NorilskNorilskPreliminary results: Preliminary results: NorilskNorilsk

Spatial distribution of temperature anomaly Spatial distribution of temperature anomaly -- deviation from mean value at background points (deviation from mean value at background points (MeteoMeteo

station and station and iButtoniButton sensor at the northsensor at the north--east of the area) iseast of the area) is shownshown. Solid isotherms goes every 1 . Solid isotherms goes every 1 ⁰C.⁰C.



Preliminary results: Preliminary results: VorkutaVorkutaPreliminary results: Preliminary results: VorkutaVorkuta



UHI of UHI of ApatityApatity: animation: animationUHI of UHI of ApatityApatity: animation: animation



Statistical model Statistical model of city heating system:of city heating system:

Outside air temperatureOutside air temperatureOutside air temperatureOutside air temperature

Hot water temperatureHot water temperatureHot water temperatureHot water temperature

Heat productionHeat productionHeat productionHeat production

Potential economical effectPotential economical effectPotential economical effectPotential economical effect

Heat productionHeat productionHeat productionHeat production

Fuel (coal) consumptionFuel (coal) consumptionFuel (coal) consumptionFuel (coal) consumption

Money Money Money Money 

Cost of 1⁰C error:Cost of 1⁰C error:

•• ApatityApatity ((686 mWt): ≈1000 €/day

•• Norilsk (Norilsk (2691 mWt): ≈ 3900 €/ day



1.1. FirstFirst temporaltemporal andand spatialspatial characteristicscharacteristics ofof
UrbanUrban HeatHeat IslandIsland inin 44 polarpolar citiescities
((Murmansk,Murmansk, Norilsk,Norilsk, VorkutaVorkuta andand ApatityApatity )) werewere
obtainedobtained..

2.2. TheThe differentdifferent measurementsmeasurements techniquestechniques showedshowed
thethe similarsimilar resultsresults forfor everyevery citycity ..

SummarySummarySummarySummary

thethe similarsimilar resultsresults forfor everyevery citycity ..
3.3. PreliminaryPreliminary analysisanalysis showedshowed thatthat thethe naturenature ofof

UrbanUrban HeatHeat IslandIsland inin everyevery polarpolar citycity isis differentdifferent
andand dependsdepends ofof geographicalgeographical featuresfeatures ofof thethe citycity..

4.4. EconomicalEconomical effecteffect ofof UHIUHI inin polarpolar regionsregions couldcould
bebe significantsignificant :: andand thethe costcost ofof 11 ⁰⁰⁰⁰⁰⁰⁰⁰CC errorerror cancan
exceedexceed 39003900 €€// dayday..



Thank you for your attentionThank you for your attentionThank you for your attentionThank you for your attention

More details in out poster:More details in out poster:







MODIS for NorilskMODIS for Norilsk
TERRA 17 January 2014TERRA 17 January 2014



MODIS for NorilskMODIS for Norilsk
Mean data Mean data ((TERRA) for November TERRA) for November 2013 2013 –– January January 20142014


