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Motivation of study  

(National report of Climate Risks..., 2017) 

Dangerous weather events in Russian Federation since 1996 (annual)  
  



Main goal of study 

 Development of Real-time algorithm for wind-gusts  and 
thermal comfort  prediction  in small city district  
 
Tasks: 
• Adaptation of  ENVI-met model to MSU campus area 
• Test of stability results for wind gusts  modeling 

(according to initial wind direction) 
•  Realization of real-time algorithm for thermal comfort 

evaluation in  prediction MSU campus area 
• Выявление «опасных зон» на исследуемой 

территории 



 ENVI-met microscale model 
ENVI-met is a three-
dimensional non-hydrostatic 
microclimate model and is 
able to calculate and 
simulate climate in urban 
areas with a typical grid 
resolution of 0.5 to 10 
meters in space and 10 
seconds in time. It calculates 
the dynamics of microclimate 
during a diurnal cycle  using 
fundamental laws of fluid 
dynamics and thermo 
dynamics. Main prognostic 
variables of the program are 
wind speed and direction, air 
temperature and humidity, 
turbulence, radiative fluxes, 
bioclimatology and gas and 
particle dispersion. 



Basic equations (3D- Navier–Stokes) 



MSU-campus district  



Adding trees 

Приложение Monde - привязка 
территории к координатам, выбор 
расположения и размеров 
необходимой области 

Приложение Spaces - задаются параметры 
для сетки моделирования: ее горизонтальное 
и вертикальное разрешение, количество 
ячеек, телескопической фактор. 



Squall in Moscow May 29 in 2017 
  
Wind gusts: 
15.38 - 19,4 м/с 
15.39 - 27,9 м/с 
15.40 - 28,3 м/с 
 



Initial wind direction: 235  



Initial wind direction: 240  



Initial wind direction: 245 (real wind)  



 

Initial wind direction: 250  



 

Initial wind direction: 255  



Modeling of wind speed with different 
initial wind direction:  

WIND DIRECTION 245 235 240 250 255 
MAX WIND SPEED 32,88 32,25 32,18 33,44 33,75 

MIN WIND SPEED 0,06 0,14 0,26 0,15 0,14 

Mean  19,13 18,90 19,03 19,32 19,53 

Dispersion 57,62 58,87 58,30 57,25 56,68 

Mode 27,05 27,00 27,03 27,07 27,09 

Number of cells where  

 V> 30 м/с 
20/0,08% 56/0,23% 26/0,11% 14/0,06% 11/0,05% 

Number of cells where  

V>25 м/с 
6873/28,7% 6564/27,4% 6743/28,2% 7160/29,9% 7482/31,3% 

Number of cells where  

V<10 м/с 
4010/16,8% 4372/18,3% 4110/17,2% 3839/16% 3642/15,2% 

Spatial difference 
Coordinates of cell with 

max wind speed  
126,161 87,169 126,161 126,161 126,161 

Coordinates of cell with 

min  wind speed  
113,105 105,105 53,147 113,105 98,151 



Real-
time 

thermal 
comfort 

modeling  



Input data : 
 СMC global   (Canada)  



Bash-convert  with 
wgrib utility 

Конвертация файла при помощи “cmd.exe”. 



Automatisation of  Rayman 3.1:  with 
autoclicker 

Autoclicker  AutoClickExtreme 



Rayman 3.1 interface 

  



Obs-file creation in Rayman 3.1 
(Matzarakis et al, 2010)  

Файл с рассчитанными значениями 



Vizualisation 



MSU-campus territory 

Points  



Different thermal stress (РЕТ, 
July 1980-1999) 
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Perspectives: 
The development of such work can be continued for other cities 
(primarily for the Arctic), as well as millionaire cities. In the framework 
of the technology, it is possible to use in the future as input data 
output products of regional models, which ultimately should lead to an 
improvement in the quality of climate services for the population of 
Moscow and the Moscow region 
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