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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
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Green roofs advantages:

: A -
- retain storm water ;- f-—"l“—h’l i1
- reduce peak flow and RN % et e
increase time-to-peak flow | lﬂl HEETZEE

- 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

Kyiv region
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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 GLEAN WATER GOOD HEALTH 13 CLIMATE -" SUSTAINABLE CITIES
AND SANITATION AND WELL-BEING

ACTION AND COMMUNITIES
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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 ¢, %

- wind speed w, m /s
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Calculating climatologies 2011-2021 for Kyiv, Kharkiv, Odessa

B (oencs SECMWF G o

Home GSearch Datasets Applications Yourrequests Toolbox Support Live

. 12_calculate_climatologies Console © History Your queue Runtime profile « -
Toolbox Editor
= B2 - EMEEE o cul limatologies 2011-2021 Kharki
Applications Data Documentation . a Cu ate C I ato Ogles = ar IV
1 import cdstoolbox as ct
2 Variable Frequency Start
3+ layout = {
-~ your workspace & + - _1”2“;"?}5 3)'b oo Total precipitation month 1
5 output_align': ‘bottom
00 Hello World V2 putetie . L :
) _ ; 3 Climatology mean and standard deviation Starting from month n. 1
01 Retrieve data P | 7 —
03 Extract time series and plot graph Kharkiv 1 rFa | 5 v variables = { = 15 _
12_calculate_climatologies 7 g "Near-Surface Air Temperature': '2m_temperature', g
i . . — 1@ "Eastward Near-Surface Wind': '18m_u_component_of wind®, £
21 Calculate regional mean and anomalies A | . T - . =
. i . _ 11 Westward Near-Surface Wind': '18m_v_component_of wind', P T
3_extract time_series_and plot graph HWWAT e 12 'Total precipitation’: 'total_precipitation’, b5 10 _
D1 plot_time series part1_Kharkiv max monthly prep V| 13 ¥ E 1
D1 plot_time series part1_Kharkiv max monthly prcp-loop rFa | 14 %
forum_daily_max V'l o 5
" _ 16 @ct.application(title="Calculate climatologiss 2811-2021 Kharkiv', layout=layout) %
green roofs 78 17 @ct.input.dropdown(’var’, label="variable', values=variables.keys()) = /4"“-“
max PRCP Kharkiv | 18 r f@ct.input.dropdown('freq®, label='Frequency’, default='month', values= = -
~ examples [ 'dayofyear’, 'weekofyear', 'month'], link=True, P—-r; -
00 Hello World 19 help="Start values will change accordingly.") E
. ' . _ o _ . - S
01 Retrieve data 26 fct.input.dropdown('start’, label='Start', when='dayofyear’, default=l, =
values=range(1l, 367)) = -5 1 A
02 Plat map . . ' . . . - J— =3
21 f@ct.input.dropdown('start’, label='Start', when='weekofyear', default=1, S ]
03 Extract time series and plot graph values=range(1, 54)) z -
a
11 Calculate time mean and standard deviation 22 @ct.input.dropdown(’start’, label='Start', when='month', default=1, = ~10 |
=
12 Calculate climatologies values=rangs(1, 13}) s 3 . R 5 - S o B 10 j 12
. . 23 @ct.output.livefigure() - - B ! = - <
21 Calculate regional mean and anomalies ) def compute climatology(var, freq, start)
v e y : £
31 Calculate trends — . ! ! month of year
41 Calculate GDD 26 Application main steps:
28 - retrieve a variable over a defined time range

select a location

compute the monthly/daily/weekly climatology and standard deviation
1 - show the result as a timeseries on an interactive chart

4 - dAata = + catalocue retrievel
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Calculating climatologies 2011-2021
Kyiv Kharkiv Odessa

Variable Frequency Start Variable Frequency Start Variable Frequency Start
Near-Surface Air Temperature ~ l month 1 Near-Surface Air Temperature month 1 Near-Surface Air Temperature meonth 1
Climatology mean and standard deviation Starting from month n. 1 Climatology mean and standard deviation Starting from month n. 1 Climatology mean and standard deviation Starting from month n. 1
e e g
é 25 % 25 % 25 .
£ = £ e .,
T 20 = 20 St B k] . ~
o I o = 7
@ % By ;. 8
] - = 5 5 * =] ya N,
I} - & K . = s \
£ £ £ A
E = . 3 =1 - .
@ 10 =] o . . o 2 4 3
g g ! K El ! ~
& 2 e / N
a E o - a 0 ;
5 £ - 5 /s .,
T o g o - . = v ~
< = - < - .
o1 = . - ° 5 -
£ s L 3 g T
= £ 5
7 R 2
E -0 2 g ¢
= 2 3 4 5 6 7 8 g 10 12 a = 2 3 4 5 6 7 8 9 12
= 2 E 4 5 6 7 g 9 0 12
month of year month of year
rnnth Afraar
Variable Frequency Start Variable Frequency Start Variable Frequency Start
Total precipitation month 1 Total precipitation month 1 Total precipitation meonth 1
Climatology mean and standard deviation Starting from month n. 1 Climatology mean and standard deviation Starting from month n. 1 Climatology mean and standard deviation Starting from menth n. 1
— = —
3 . o S
- 2 E E
£ .
E E E "
= = 10 =
g g g
£ E £
S 5 & 3 £
S B S <
T = ! 0 1 | Ao - -4 b=l
E ,,/“‘“-« E el 4 et RAETY SR (A SR S £ . Pt o S
g £ = EalLT" SOV G S S I
o o o 0 o o -
© i Il
= c =
5 s 5
E = 2 E
= = - 2
g g g
= = =%
= = =
g 5 -0 £
= 2 El 4 5 [ 7 g 9 [} 12 = 2 3 4 5 [ 7 g 9 0 1 12 = 2 3 A 5 6 7 g a 1 12

month of year month of year month of year
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Estimation of plant development conditions based on wind speed, relative humidity, temperature, cloud cover

O ©109308/Calcul x |G Searchresults x G ERASmonthlya x + Q _ o

< C == 8 cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-eras-single-levels-monthly-means?tab=Fform PEEO QO @ 4L =
m B2 OKYNApPMK... Of aTecTauif... ® Grammarly & OHnaiH-ky... B TPAHTMU C... O Climat-fit.... B Research... [J LibreOffic... T Browse CQO... & Tutorial2-...
o

Tetians Thachenko

— (opemcss SECMWE (0 g

ERAS monthly averaged data on single levels from 1979 to present

WARNING 2021-06-25: Variable "Orography” is now named "Geopotential”. No change in the data themnsehves. Previous API requests asking for "Orography” will fail now. To download the corresponding data the API request should ask for "Geopotential”.

Contact
(®  oOwniew | Downloaddata | Qualityassessment  Documentstion ECMWF Suppart Portalce
Licence
Gearm
> Licence ta use Copernicus Products
Product type @
Publication date
Monthly averaged reanalysis () Monthly averaged reanalysis by hour of day ORI
() Monthly averaged ensemble members (] Monthly averaged ensemble members by hour of day Resource upda:ed
® Seiectal  Gearam
20211106
@ Varlable @ References
Citation
v Popular D01: 10.24381 feds.FI 70507
(_;’ * Temperature and pressure
Related data
Zm dewpoint temparature 2m temperature
[ Iee temperature layer 1 () Ice temperature layer 2 ERAE hourly data on pressure levels from 1950 to 1078 (preliminary version)
(] lce temperature layer 3 () Ice temperature layer 4
() Mean sea level pressure () Sea surface temperature ERAS hourly data on pressure levels from 1979 to present
() Skin temperature () Surface pressure
=l Gl ERAS hourly data on single levels from 1950 to 1978 (preliminary version)
i ERAS hourly data on single levels from 1579 to present

ERAE monthly averaged data on pressure levels from 1950 to 1878 {preliminary version)

() 108m w-component of wind

(JJ 10m u-component of neutral wind
() 10m v-compaonent of neutral wind
10m wind speed

b Mean rates

b Radiation and heat

= Clouds

( Cloud base height
() Lowr cloud cover
Total cloud cover

() 100m v-component of wind
() 10m u-component of wind
() 10m v-component of wind
() Instantanegus 10m wind gust

() High cloud cover
() Medium cloud cover
() Total column doud ice water

Clear all

ERAE monthly averaged data on pressure levels from 1979 to present

ERAS monthly averaged data on single levels from 1950 ta 1978 {preliminary version]
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Calculation of relative humidity by air temperature and dew point

O G 109308/ Calcul: x |Gsearchresults x| GERAS monthlya X WToukapocel—E X | + —
< (&A=} & ruwikipedia.org/wiki/Touka_pock m © e e >0 @
@ Bg OkynApuK... O: atectauia... ® Grammarly & OWnaiH-ky... i TPAHTWC... Climat-fit.... B Research... [J LibreOffic... T Browse CO... G Tutorial 2 -...
@ PacuetHble (l)OpMy.TIbI [ NnpaBuThb | NpaBuTL Ko |
[~} CDopmyna and ﬂpMﬁJ’IMSMTeﬂbHOFO pacqéTa TOYKKM POCEHI Tp B rpagycax U,eJ'IbCMFl (TOJ'IbI{O OnAa NonoXuTelbHbIX
e Temneparyp):
©
E b~(T,RH)
p — )
® a—y(T,RH)
>
roe

Q

a=17,27,
O 0

b=2377 °C,
e

aTl

T, RH) — In RH,
g ) =37

T — temnepatypa B rpagycax Llenbcus,
RH — otHocutenbHasa BnaxHoOCTb B 06bEMHbIX fonsx (0 < RH < 1,0).

®opmyna obnagaet norpellHocTeio +0,4 °C B cneaytolleM ananasoHe 3HaYeHun:
0°C<T <60°C
0,01 < RH <1,00
0°C<T,<50°C
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The formula should be transformed to find relative humidity

wxMaxima 21.05.2 (Linux 5.14.0-17.1-liquorix-amd64 x86_64) [ Dew point to relative humidity.wxmx ]

HakpecauTy 3a gonomororo D

SmicT

Calculation of relati...

daiin PegarysaHHA [MepernAag Komipka Maxima PiBHAHHA MaTpuuA AHaniz CnpolleHHA Cnucok KpecneHHA OB64yvcieHHA [Josigka '_?':;:::::s:: CaICUIat’on Ofrelatlve hum'd‘ty Equation of dew p

= @ | @ : c S E - ; =
e < mlislle Ll ol CEn © " E | FormulaRHO0:radcan(solve(Formulatd, RH));
2 KpPECAWTH 38 4ONOMOromw D. . . . . 3micT V—pE iK HEesIBHOT

i Calculati Frelati.. ; -
S | Calculation of relative humidity cledetion of et | aginapavirpmf LLELLT
pM;MM\pHVI qa |0n0 me I UERTD (t+t:u)td'+t:nt+.b2

et | by air temperature and dew point R RH=%e
-
Pacik napameTpui . i KouTyp Simplification of the exponent

TouKm Equation of dew point Hassa rpadit
3 W m i mia iy
e || factor((a-b-td-a-b-A)/(t+b)-td+b-t+bA2),
t - temperature, °C; ¥ oz 3 o
KoHTyp . .. ) ab(td-t)
Maremarran camsonn td - dew point temperature, °C; e h e 3 a _aptw-i
Yo 2 3 4 RH - relative humidity. -~ -0 » (t+b) (td+b)
e h € 3 3 Deviation by dew point temperature £0,4 °C. AV Y AT And finall
- . - nd fina
= o @ p » a=17.27; < * =~ J N y Hypran
AV YRV b=237.1. o - o ccg¢h FormulaRH:RH=exp((a-b-(td—t))/((t+b)-(td+b))):
e t - UnN Source: https://ru.wikipedia.org/wiki/Todka_pochl |H 3 v [ = radcan(FormulaRH-Fo
c c ¢ ¢ h radcan(FormulaRH-Fo| _ _ _ . 206 (E=6) FormulaRH:RH=exp{(z
Hoav /= hama:a-t/(b+t)+log(RH); FormulaRH:RH=exp((¢g| _ _ . RH = (t+b) (td+b) :; S
. = =%e actor((a*b*td-a*b*t
P, at 7 TpewsK nirepn .
Fpetiski nivepn +log(RH) Factor((a*b*td-a*b*t)/ . FormulaRHO:radcan(s«
a By b6 e t+b FormulaRHO:radcan(ﬂz P ; b Testing the results ;ormutatj:gd:)b*thama
T n 6 1 K =R _ . Formulatd:td=b*hame| n LK ] ama:a*t/(b+t)+log(RI
. Formulatd:td=b-hama/(a—hama); hamaia*t/(b+t)+logRf A v & 1 P radcan(FormulaRH-FormulaRHO[1]);
g 1T U @ 0=0
c T U @ X b( at +|og(RH)) v ow
v ow td= t+b e A s Factor a-b
raean = at loa ( RH nzoewaq
n:ouwao g 2109 (RH) 17.27-237.7;
Maxima roTosa 40 BBeZJeHHA KOMaH, loToBa A0 BBEAEHHA KOMaHAN 4105.079
Maxima roToBa 4o BBeLleHHA KOMaH/,. foTosa Ao BBEAEHHA KOMaHAW

RH

4105.079(td—t)
— o (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;
& ’ Plant Development on "Green Roofs"

UA: POTaHTOK POCTINA Ha "2En2HiK Mopianax

- resampling the data for year-averaged one;
- calculating the regression equation,

which describes the observations results; 4 P
- plotting. 5
Regression equations for estimation of plant development (phenotype) for the :
following plant groups: |

GROUP | - armeria, aster alpinus, dianthus deltoides, iris, centaurea:
FT1=5.31+0.144t-5.926rh +0.0477 c—0.38 w

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

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

GROUP Il - 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 ¢ — 0.603 w : @




Homework A

The software code

ST

5
6

EN R R
APPLICATION FOR CALCULATION OF
PLANT DEVELOPMENT ON "GREEN ROOFS"

It is based on a mathematical regression
model of plant development after

more tham tem years of cbservations

by Tetiana TKACHENKD for "green roofs"
in Ukraine.

DEVELOPED BY:
Tetiana TKACHEMKOD, Dr hab, prof.,
Viktor MILEIKOVSKYI, Dr hab, prof
Kyiv Mational University
of Construction and Architecture

UA i e
JACTOCYHOK ONA POSPAXYHKY POIBWUTKY
POCMKH HA "3ENEHWX NOKPIENSX"

EasyeTocA Ha MaTEMaTUYHIA perpeciddin
Mopeni po3EMTEY pOCnMH Ha nigorasi
noHan [AECRTH DOKLE cnocTepeseds
Tetanu TKAYEHKD 3a “zeneHmmu
nokpisnama” B ¥Ykpalui.

POZPOBHKKRN :
Tetana TKAYEHKO, A.7.H., npod..
BikTop MINEAKOBCEKWA, n.T.H., npob.
KuiBCHKMA HAL10HANBHWA YHIEEPCHTET
GypisdnuTea i apxitexTypu

R R R W B W R B B Bk B R W B R

import cdstoolbox as ct

layout = {

1

‘input_ncels': 2,
‘output_align': ‘"bottom’

#lefining the application
H#BMIHAYEHHA 3BCTOCYHKY
@ct.application(title='Plant Development on "Green Roofs™',

description="UA: Po3BMTOK pOCAMH Ha "3eneHWx nokpienax
layout=layout)

#Input of the calculation city
#¥Bin pospaxyHxosoro Micra
@gct.input.city{ 'CityToCalc',

label='City',
description="UA: Micto'}

#lutput of the plet

#Huein rpadika

@gct.output. livefigure()
#utput of the plant groups
#Buein rpynm pocnuu
@ct.output. markdown ()
#utput of the tables
#Buein Tafnuue

@ct.output. table()
@ct.output. table()

ssignment — Group A3

@ct.output. table()

#Main function

#lonoeHa $yHKULR

def plot_time series(CityTolalc):

Application main steps
OcHoeHi pii popatwky:

retreiving data;
OTPUMYEMD AaHi;

- resampling the data for year-averaged one

MacuTafyemo paHi po cepepHbopiunmMx

calculating the regression eguation
pO3paxoByEMD PiBHAHHA perpecii

plotting
KpeCcnuMo

#Input data
#BxipHi pani

years=['2616",'2017"','2018"','2019", "2028"]

lat=CityToCalc.get{'lat'}
lon=CityToCalc.get{'lon')

# Retrieving the weather data around the city

# OTpuMyeMo norogdi paHi Haskono micra

wind,dew,temp,cloud = ct.catalogue.retrieve|
‘reanalysis-era5-single-levels-monthly-means’,

{

'product_type': 'monthly_averaged reanalysis'

'variable': [
'10m wind_speed',
'2m_dewpoint_temperature’,
'2m_temperature',
‘total_cloud_cover',

1.

‘time': '6@:808',

'year': years,

"moenth': [
‘g1, ‘'ez2', 'e3',
‘e4', 'es', 'ée’,
'67', '@8', '89',
‘@', '11+, t1z',

1.

‘area': [
lat+l, lon-1, lat-1,
lon+l

1.

}

#Extracting the data for the city.
# It cannot be resampled until

# relative humidity calculation
#Bunobysaemo nadi gna micTa.

# Bonu He MomyTs ByTH MacwTadceadi
# po po3paxydky BipmocHol sonorocTi

4

wind = ct.cube.interpolate{wind,lon=lon,lat=lat)
dew = ct.cube.interpolatei{dew, lon=1lon, lat=1lat}-273.15

v

dew = ct.cdm.update_attributes{dew, attrs={'units': "*C"}}

temp = ct.cube.interpolate{temp,lon=lon,lat=lat}-273.15

temp = ct.cdm.update_attributes(temp, attrs={'units': '*C'})
cloud = ct.cube.interpolate(cloud,lon=1lon,lat=1lat}

#Calculating relative humidity using dew point

#PospaxoByeMo BipHOCHY sonoricte

# 3 BMKODMCTAHHRM TOYKW DOCH

rh = ct.math.exp(({4185.079%* (dew-temp) )/ ({temp+237.7)* {dew+237.7)});
rh = ct.cdm.update_attributes{rh, attrs={'units': '"}}
#Averaging the data by each year

#YcepenHweMo 0aH1 33 KOKHHM DOKOM

wind=ct. cube.resample{wind, freq="year', skipna=True}

dew=ct.cube. resample(dew, freq='year', skipna=True] #nct necessary
temp=ct.cube.resample({temp, freq="year',skipna=True}
cloud=ct.cube.resample{cloud, freg="'year',skipna=True)
rh=ct.cube. resample(rh, freqg="year', skipna=True)

#Simulating the plant dewvelopment

#MopenneMo pPO3IBWTOK POCTMH

FT1=5.31+6. 144*temp-5.926* rh+0. 8477 *cloud -0 . 38*wind #
#
FT2=4,49+8,157*temp-1.836*rh-0. 06064*cloud-0.0795*wind
FT3=7.526+0. 188*temp-5.6*rh+8.0159*cloud -0, 663*wind
FT1 = ct.cdm.update_attributes(FT1, attrs={'units': '', 'long_name': 'Group 1'})
FT2 = ct.cdm.update_attributes(FT2, attrs={'units': "long_name': 'Group 2'})
FT3 = ct.cdm.update_attributes(FT3, attrs={'units': ', 'long_name': 'Group 3'})
#Plotting
#Kpeacnumo
fig = ct.chart.bar{FT1,bar_kwargs={
‘name': 'Group 1',
'showlegend': True,
‘marker': {"color': 'red'},
"texttemplate': "%y'},
layout_kwargs = {'xaxis': {'title':'Year'},
"yaxis': {'title":"Peoints on the Tumanov
scale"}}1)

fig = ct.chart.bar{FT2, fig=Ffig,bar_kwargs={
‘name’: 'Group 2°,
‘showlegend': True,
‘marker”: {'color': "green'},
‘texttemplate': “Sy'
h
fig = ct.chart.bar(FT3, fig=Ffig,bar_kwargs={
‘name': 'Group 3°,
'showlegend': True,
‘marker”: {'color': 'blue'},
"texttemplate': "%y’
1
grp = ‘"'
**GROUP I** . *armeria*, *aster alpinus*, *dianthus delteoides*, *iris*, *centaurea*;

**GROUP II** - *stipa*, *aster*, *alyssum*, *gypsophila*, *saponaria®*, *tanacetum*,
*lysimachia*, *deschampsia*, *leymus*, *helictétrichon*, *filipendula*, *euphorbia*;

**GROUP III** - *festuca valesiaca*, *salvia*, *phlomoides tuberdsa*, *polygonum*,
*hypericum*, *iberis*, *iris sibirica®, *artemisia*, *thymus serpyllum*, *melica*,
*carex*®, *scutellaria*.

return fig, grp, ct.chart.table(FT1, dim format='%Y"), ct.chart.table(FT2,
dim format='%Y'), ct.chart.table(FT3, dim format='%Y")
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Plant Development on "Green Roofs" Kyiv

UA: PO3BNTOK POC/INH Ha "3eneHnx nokpiesnax"

City

Kyiv (UA)

Latitude 50.45466 30.5238 Longitude

W Groupl
W Group?2
4 W Group 3
Q
1]
o
v
3
2 3
[18]
£
2
w
=
=
5]
2
=
o]
c. 1
0 2016 2017 2018 2019 2020
Year

GROUP 1 - armeria, aster alpinus, dianthus deltoides, iris, centaurea;

GROUP 1l - stipa, aster, alyssum, gypsophila, saponaria, tanacetum, lysimachia, deschampsia, leymus, helictétrichon, filipendula,
euphorbia;

GROUP 1l - festuca valesiaca, salvia, phlomoides tuberdsa, polygonum, hypericum, iberis, iris sibirica, artemisia, thymus serpyllum, melica,

carex, scutellaria.

2016

2017

2018

2019

2020

2016

2017

2018

2019

2020

2016

2017

2018

2019

2020

time

time

time

4.24

4.29

4.46

Group 1

Group 2

Group 3



Homework Assignment — Group A3

Plant Development on "Green Roofs" Kharkiv

UA: PO3BNTOK POC/INH Ha "3eneHnx nokpiesnax"

City
[Kharkiv (UA) X | v
Latitude 49.98081 36.25272 Longitude

W Groupl
W Group?2
4 W Group 3
Q
1]
o
w
3
c 3
[18]
£
2
w
5 2
=
5]
2
=
o]
a1
0 2016 2017 2018 2019 2020
Year

GROUP 1 - armeria, aster alpinus, dianthus deltoides, iris, centaurea;

GROUP 1l - stipa, aster, alyssum, gypsophila, saponaria, tanacetum, lysimachia, deschampsia, leymus, helictétrichon, filipendula,
euphorbia;

GROUP 1l - festuca valesiaca, salvia, phlomoides tuberdsa, polygonum, hypericum, iberis, iris sibirica, artemisia, thymus serpyllum, melica,

carex, scutellaria.

2016

2017

2018

2019

2020

2016

2017

2018

2019

2020

2016

2017

2018

2019

2020

time

time

time

3.99

4.03

4.28

4.44

Group 1

Group 2

Group 3
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Plant Development on "Green Roofs' Odessa

UA: PO3BNTOK POC/INH Ha "3eneHnx nokpiesnax"

City
Odessa (UA) X v
Latitude 46.47747 30.73262 Longitude

W Groupl
W Group?2
W Group 3

Points on the Tumanov scale
%] w E=Y

)

(=]

GROUP 1 - armeria, aster alpinus, dianthus deltoides, iris, centaurea;

GROUP 1l - stipa, aster, alyssum, gypsophila, saponaria, tanacetum, lysimachia, deschampsia, leymus, helictétrichon, filipendula,
euphorbia;

GROUP 1l - festuca valesiaca, salvia, phlomoides tuberdsa, polygonum, hypericum, iberis, iris sibirica, artemisia, thymus serpyllum, melica,

carex, scutellaria.

2016

2017

2018

2019

2020

2016

2017

2018

2019

2020

2016

2017

2018

2019

2020

time

time

time

3.94

3.84

4.24

4.65

4.80

4.92

4.99

Group 1

Group 2

Group 3
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Results
Year Plant development (phenotype) estimation [points on the Tumanov scale]
at city
Kyiv Kharkiv Odessa
Group | Group Il Grouplll Group|l Groupll Grouplll Group!| Groupll Group i

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- 4,198 4,368 4,248 4,174 4,35 4,226 4,048 4,814 4,402
rage

Green — the best; Brown — medium; Red — the worse
During the last five full years, the plants of group Il are the leaders of phenotype. In other groups, the situation
was changed in 2018. This year, group Ill won the second place. In Kharkiv, the group take approximately the
same mark as the leader.



