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Homework Assignment – Group A3

Main Theme: Water management

Project: Efficiency of green roofs in urban areas for stormwater retention under 
climate change

Areas: Kyiv, Kharkiv, Odessa cities



Kyiv regionKyiv

Norway Poland
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Green roofs advantages:

- retain storm water
- reduce peak flow and 

increase time-to-peak flow
- reduce total runoff volume
- decrease of load to 

stormwater drainage system
- prevent streets flooding

- air purification
- carbon sequestration
- decrease of building heating
- mitigation of urban heat 

island effects
- additional habitat for 

wildlife
- aesthetic appeal
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Historical and forecasted climate indices
Annual precipitation, monthly precipitation, monthly min/max precipitation, heavy precipitation, 
number of rainless days, duration of consecutive rainless days, duration of vegetation period, 
min/max temperature

Additional data

Urban built-up areas, roofs areas

Data sources
Copernicus Climate Change Service (CDS)

Expected outcomes
Feasibility assessment of green roof implementation in three Ukrainian cities (Kyiv, Kharkiv, 
Odessa) under different scenarios of climate change

UN SDGs
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The work is based on ten-
year experience of 
observations on the 
author’s “green roof” in 
steppe climate in Donetsk 
by Tetiana Tkachenko.

Main influencing factors 
(averaged by year):
- temperature t, °C
- relative humidity rh, %
- cloud coverage c, %
- wind speed w, m /s
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Calculating climatologies 2011-2021 for Kyiv, Kharkiv, Odessa 
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Calculating climatologies 2011-2021

Kyiv Kharkiv Odessa
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Estimation of plant development conditions based on wind speed, relative humidity, temperature, cloud cover
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Calculation of relative humidity by air temperature and dew point
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The formula should be transformed to find relative humidity

𝑅𝐻

= 𝑒
4105.079 𝑡𝑑−𝑡

𝑡+237.7 𝑡𝑑+237.7
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The next step is to write the software for calculations using CDS Toolbox and Python language:

- retreiving data;    

- resampling the data for year-averaged one;   

- calculating the regression equation,

which describes the observations results;

- plotting.
Regression equations for estimation of plant development (phenotype) for the 
following plant groups:

GROUP I - armeria, aster alpinus, dianthus deltoides, iris, centaurea:

FT1 = 5.31 + 0.144 t – 5.926 rh + 0.0477 c – 0.38 w

GROUP II - stipa, aster, alyssum, gypsophila, saponaria, tanacetum, lysimachia,
deschampsia, leymus, helictotrichon, filipendula, euphorbia:

FT2 = 4.49 + 0.157 t – 1.836 rh – 0.00064 c – 0.0795 w

GROUP III - festuca valesiaca, salvia, phlomoides tuberosa, polygonum, hypericum, 
iberis, iris sibirica, artemisia, thymus serpyllum, melica, carex, scutellaria:

FT3 = 7.526 + 0.188 t – 5.6 rh + 0.0159 c – 0.603 w
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The software code
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Kyiv
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Kharkiv
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Odessa



Year Plant development (phenotype) estimation [points on the Tumanov scale]

at city

Kyiv Kharkiv Odessa

Group I Group II Group III Group I Group II Group III Group I Group II Group III

2020 4,34 4,52 4,46 4,44 4,56 4,55 4,24 4,99 4,71

2019 4,21 4,46 4,36 4,28 4,46 4,40 4,12 4,92 4,56

2018 4,10 4,29 4,22 4,03 4,27 4,14 4,1 4,80 4,44

2017 4,19 4,33 4,13 4,13 4,31 4,10 3,84 4,71 4,16

2016 4,15 4,24 4,07 3,99 4,15 3,94 3,94 4,65 4,14

Ave-

rage

4,198 4,368 4,248 4,174 4,35 4,226 4,048 4,814 4,402
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Green – the best; Brown – medium; Red – the worse

Results

During the last five full years, the plants of group II are the leaders of phenotype. In other groups, the situation 
was changed in 2018. This year, group III won the second place. In Kharkiv, the group take approximately the 
same mark as the leader. 


