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Abstract
Climate change adaptation planning at the municipal level has become manda-
tory due to the increasing frequency of extreme weather and climate events. The 
availability of near- future climate data is the first step towards creating an adap-
tation plan for a city. We created the CP_OdU (Climate Projections for Odesa, 
Ukraine) dataset, which contains daily output variables from the 102 model runs 
and monthly (yearly) indices calculated for 2021– 2050 in the closest to Odesa 
land- located model grid point. The future data are based on 26 and 76 simula-
tions for the scenarios RCP4.5 and RCP8.5, respectively, of 14 RCMs from the 
EURO- CORDEX project. The horizontal resolution of spatial grids in the RCMs 
is ~0.11° or ~12 km. The CP_OdU dataset contains 76 indices relating to cloudi-
ness, wind parameters, relative humidity, precipitation amount, snow depth and 
temperature. A very short description of the near- future climate in Odesa for the 
RCP8.5 scenario shows its trend towards a Mediterranean climate. The rising 
temperature supported by the change of intra- annual variations of precipitation 
will result in hot, dry summers and mild, moderately wet winters. The CP_OdU 
dataset can be used by climate scientists, applied science engineers and climate 
stakeholders in society for the creation of a climate change adaptation plan for 
Odesa, Ukraine.
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1  |  INTRODUCTION

Urban communities and infrastructure around the globe 
are under increasing stressors related to climate change. 
Kumar (2021) has described three kinds of effects of the 
environmental impact of extreme weather and climate 
events. Primary effects are changing physical systems and 
processes, biological systems, structure and function of 
ecosystems and social, economic and other development 
factors. Secondary effects are leading to the destruction of 
agriculture and infrastructure, and the contamination of 
the environment. Tertiary effects are responsible for the 
proliferation of diseases. Due to the high density of the 
urban population and the developed but vulnerable infra-
structure, even a short- term impact of extreme weather or 
climatic event can have a catastrophic effect on people's 
well- being, not to mention the rapid proliferation of infec-
tious diseases. In the above context, it is essential to have 
a strategy for climate change adaptation planning at re-
gional and municipal levels.

According to Gu  (2019), the first three natural disas-
ters, which are highly exposed to the world's cities, are 
floods, droughts and cyclones— all of which are impacted 
by climate change. It is also well known that these events 
are intensifying under climate change— floods are becom-
ing more severe, droughts and heatwaves are more pro-
longed and extreme, and cyclones are leading to stronger 
winds and heavier precipitation. The danger of natural di-
sasters can be significantly underestimated if the climatic 
parameters of the recent past are even used. Therefore, the 
meteorological data for the near future climate must be 
used for climate change adaptation planning. However, 
the common practice for adaptation plans at the munic-
ipal level is to use inappropriate data with little consider-
ation for predicted climate impacts or data irrelevant by 
spatiotemporal scale (e.g. Bonnett & Birchall, 2023).

Another important prerequisite for climate change 
adaptation planning at the municipal level is the existing 
plans at the national level and/or regional levels. Many 
European countries, including Ukraine, implemented 
National Adaptation Strategies and National Action Plans 
(Pietrapertosa et al., 2018). This allows the creation of a 
climate change adaptation plan for a city using very gen-
eral, as a rule, statements from the national strategy/plan 
and as specific as possible meteorological data for the near 
future at this city.

Overpeck et al.  (2011) stated two main challenges 
related to the data used for climate research: (i) its free 
availability and (ii) understandability by a broad inter-
disciplinary community— the former is a responsibility 
of climate data scientists, and the latter seems relating 
to the scope of climate services (Hewitt & Stone,  2021). 
As for the first challenge, much progress has been made 

recently towards access to climate data. An example is the 
Copernicus Climate Change Service, implemented and 
supported by the European Centre for Medium- Range 
Weather Forecasts, where a large set of climate data (e.g. 
C3S, 2019) and indicators (e.g. Nobakht et al., 2019) can 
be freely downloaded. Success in the second challenge 
is harder to achieve as it requires the cooperation of cli-
mate scientists with applied science engineers and climate 
stakeholders in society (Lemos & Morehouse, 2005).

From the stated above, we can define the aim of this 
paper as to create a set of climate data and indices which 
is locally, spatially and timely oriented towards Odesa, 
Ukraine, and will be then used in climate change adapta-
tion planning (we named the dataset CP_OdU –  Climate 
Projections for Odesa, Ukraine). By definition, this dataset 
must meet the following requirements:

• should contain meteorological variables and indices 
that describe typical local weather conditions and ex-
treme events for Odesa;

• should be the outcome of modelling that considers the 
spatial location of Odesa and has the necessary spatial 
resolution horizontally;

• should have a timescale that allows tracking the devel-
opment of weather conditions, taking into account the 
uncertainties of the future climate.

The future climate of Ukraine has already been stud-
ied using different datasets (Krakovska et al., 2018, 2021; 
Snizhko, Shevchenko, Buznytskyi, et al.,  2020; Snizhko, 
Shevchenko, Didovets, et al., 2020). In particular, it was 
found that the temperature would increase by ~3.0°C, 
and precipitation would slightly decrease in Southern 
Ukraine, where Odesa is located, by the mid of the cur-
rent century.

Probably, the EURO- CORDEX dataset (Jacob 
et al., 2014, 2020) is most appropriate to achieve the aim 
of this article. It contains many output variables that fully 
describe weather conditions and can be used to calculate 
indices defining the state of the climate and its change 
(e.g. Chakraborty et al., 2021; Coppola et al., 2021). The 
spatial resolution of the horizontal grids in the regional 
climate models (RCM) of the dataset is ~0.11° or ~12 km 
allowing us to consider the features of the underlying sur-
face in urban areas, at least on the city scale. The output 
variables are on the daily basis for the period up to 2,100, 
and the total number of simulations exceeds 100, which 
allows for accounting for the uncertainties of the future 
climate.

It is essential to use outcomes from the models with as 
much as a higher spatial grid resolution because daily pre-
cipitation statistics can be relatively poor (Khokhlov, 2017) 
if even the 25- km horizontal grid is used.
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   | 3BOROVSKA and KHOKHLOV

The organization of this paper is as follows. Details on 
the EURO- CORDEX dataset are provided in the next sec-
tion. Furthermore, the climate data for Odesa obtained are 
presented. Finally, conclusions drawn from the present 
study are discussed.

The CP_OdU dataset is available at https://doi.
org/10.5281/zenodo.7481942.

2  |  DATA PROCESSING

The CORDEX was initiated to standardize modelling ef-
forts in different regional centres with different climate 
models in the 14 regions worldwide— the EURO- CORDEX 
is the European component of the CORDEX initiative. As 
of December 2022, the EURO- CORDEX contains a total 
of 102 combinations— 26 and 76 simulations for the sce-
narios RCP4.5 and RCP8.5, respectively (Table 1)— of 14 
RCMs run at ~0.11° grid spacing with boundary condi-
tions from eight GCMs. Output variables from these sim-
ulations were downloaded from the Copernicus Climate 
Change Service Climate Data Store (C3S,  2019) and the 
ESGF Portal at CEDA1 (Cinquini et al., 2014).

2.1 | EURO- CORDEX dataset

Vautard et al.  (2021) evaluated the EURO- CORDEX en-
semble and described the quality of RCMs included in the 
ensemble. As they showed, the model simulations gener-
ally agree with observations and reanalyses, but there are 
several systematic biases as well. It should be also noted 
that the RCMs in the EURO- CORDEX dataset may have 
different horizontal grids, calendars and a set of output 
variables (sometimes in different units), which must be 
taken into account when extracting data from archives.

The CP_OdU dataset includes output variables from 
simulations by two scenarios— RCP4.5 and RCP8.5. The 
RCP4.5 scenario is a stabilization scenario, which means 
the radiative forcing level stabilizes at 4.5 W/m2 before 
2,100 by employing technologies and strategies for reduc-
ing greenhouse gas emissions. On the other hand, in the 
RCP8.5 scenario, the radiative forcing level reaches 8.5 W/
m2 due to increasing greenhouse gas emissions over time, 
that is, leading to high greenhouse gas concentration 
levels.

The EURO- CORDEX dataset also contains simula-
tions for the RCP2.6 scenario. The RCP 2.6 scenario is 

T A B L E  1  EURO- CORDEX simulations used in this study (the number of asterisks in the upper and lower parts shows realizations for 
the scenarios RCP4.5 and RCP8.5, respectively).

RCM- GCM CanESM2 CNRM- CM5 EC- EARTH CM5- MR MIROC5 HadGEM2- ES ESM- LR NorESM1- M

ALADIN53 *
*

ALADIN63 *
*

* * *

ALARO0 *
*

CCLM4- 8- 17 * *
*

*
**

* *
*

*
**

COSMO- 
crCLIM

* ** * ** *

HadREM3 * * * * *

HIRHAM5 * *
***

* *
*

* *
*

RACMO22E *
*

**
***

* *
*

* *

RegCM4- 6 * * * * *

RCA4 *
*

*
***

*
*

*
*

*
***

*
*

REMO2009 **
**

REMO2015 * * *
*

* * *
*

* *
*

WRF381H * * * *

WRF381P * * *
*

* *
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a so- called ‘peak’ scenario— the radiative forcing level 
reaches 3.1 W/m2 by 2050 but returns to 2.6 W/m2 by 
2,100. However, the 3.2 W/m2 has already been achieved 
by 2021 (GML, 2022)— this is why we do not consider the 
RCP2.6 scenario in this paper.

The complete list of output variables is quite long, but 
with the aim of this paper, a few of them were extracted 
from the dataset (Table 2).

Only two output variables from Table 2— tas and pr— 
can be derived from all the simulations in Table 1. Some 
simulations do not contain the near surface relative hu-
midity and it can be derived by the near surface specific 
humidity (huss) and sea level or surface air pressure (psl 
or ps). Also, the snow depth can approximately be as-
sessed by the surface snow amount, snw (kg m−2). These 
procedures are described in Section 3.1.

The CP_OdU dataset includes the ODS- UA_RCM_out-
puts_day_20210101- 20501231.zip file containing 102 .cvs 
files. The names of these files follow Christensen et al. (2020) 
except for the element ‘VariableName_Domain’, which 
is replaced by the ‘ODS- UA’. For example, the file with 
the name ‘ODS- UA_CCCma- CanESM2_rcp85_r1i1p1_
CLMcom- CCLM4- 8- 17_v1_day_20210101- 20501231’ 
contains daily (‘day’) output variables from 1 January 
2021 to 31 December 2050 (‘20210101- 20501231’) for 
Odesa, Ukraine (‘ODS- UA’) from the simulation ‘v1’ by 
the RCM CCLM4- 8- 17 (‘CLMcom- CCLM4- 8- 17’) with 
the ensemble member ‘r1i1p1’ of driving GCM CanESM2 
(‘CCCma- CanESM2’) for the RCP8.5 scenario (‘rcp85’). 
Each .cvs file contains columns with the year (‘date_y’), 
month (‘date_m’), day (‘date_d’) and output variables (see 
Table 2) accessible in the simulation.

2.2 | Case- specific spatial and 
temporal resolution

Odesa is a port city located on the North- Western Black 
Sea coast (Figure 1). The location on the sea coast defines 
the urban mesoclimate, making it milder. The temperature 
during the hot summer months is somewhat lower than 
farther from the sea. Also, there was no permanent snow 
cover during some winters in the city— the snow cover 
boundary was situated just several tens of kilometres to 
the north. Sea breeze circulation that is registered in the 
diurnal wind change leads to an increase in humidity. Two 
lagoons, the Kuialnytskyi Liman and the Hadzhibeiskyi 
Liman, adjoin the city's northern border and another la-
goon, Sukhyi Liman, is located southwest of the city. Their 
location contributes to the microclimate in these areas.

The Hydrometeorological Centre of the Black and Azov 
Seas (HMC BAS)— the station providing the meteorologi-
cal observations— is located on the elevated seacoast. The 

geographic coordinates of the HMC BAS were used as a 
reference location to extract output variables from the 
EURO- CORDEX dataset. It is clear that with a horizontal 
grid spacing of ~12 km, the coincidence of the HMC BAS 
location and the grid point can only be accidental; never-
theless, the distance from the grid point to the Centre does 
not exceed 8.5 km. It seems logical to choose a grid point 
closest to the HMC BAS location, however, considering 
the features of the underlying surface.

Preliminary estimates have shown that the nearest to the 
HMC BAS grid point is often located in the Gulf of Odessa, 
that is, at the sea surface. From a climatological view, such 
a point is not an appropriate choice to describe the climate 
of the land. Over the sea, daily and seasonal temperature 
changes are less than over land. Also, the wind parameters 
and air humidity over the sea differ significantly from that 
over the land, and there is no snow cover over the sea at all. 
Therefore, it is better to choose the grid point closest to the 
HMC BAS but located on the land. Figure 1 shows that this 
grid point for most models is located near the western bor-
der of the city at about 9.5 km from the coastline. However, 
for some models— REMO2009, ALARO0, and RegCM4- 
6— the nearest to the Centre grid points are located directly 
above the urban area.

Climate research involves the analysis of long- term av-
erages and extremes. However, data with a time resolution 
of a day or less is needed to obtain that values. Moreover, 
timescales for some climatic and weather events are sig-
nificantly lesser than a month. For example, heatwaves 
can last several days or weeks, or start in 1 month and 
end in another. That is why the CP_OdU dataset contains 
output variables for each calendar day of 2021– 2050. It 

T A B L E  2  Output variables from EURO- CORDEX simulations 
used in this study.

Name Description Units

clt Total cloud fraction %

hurs Near surface relative humidity %

pr Precipitation kg m−2 s−1

snd Snow depth m

sund Duration of sunshine s

sfcWind Near surface wind speed m s−1

tas Near surface air temperature K

tasmax Daily maximum near- surface air 
temperature

K

tasmin Daily minimum near- surface air 
temperature

K

uas Eastward near- surface wind m s−1

vas Northward near- surface wind m s−1

wsgsmax Daily maximum near- surface wind 
speed of gust

m s−1
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   | 5BOROVSKA and KHOKHLOV

should be mindful of some simulations applying a ‘non- 
standard’ calendar year— there is no leap year, or all years 
are 360 days long. In the latter case, each month, including 
February, of the year has 30 days.

3  |  DATA DESCRIPTION

3.1 | Meteorological variables

To assess the parameters of future climate as well as to 
calculate some indices, a set of meteorological variables 
is needed. With the aim of this article, this set contains 
meteorological variables listed in Table 3.

Here, we use the nomenclature and units defined in 
ECA&D (2021).

The relations between these meteorological variables 
and the output variables in Table 2 are quite simple and 
can be derived using either well- known relations (e.g. 
number of seconds in hour for SS and in day for RR, 
trigonometric ratios for DD, between the Celsius degree 
and Kelvin for TG etc.) or by the below formulas that are 
widely used in the atmospheric physics.

The RCMs' outputs contain total cloud fraction ex-
pressed in the percentage not the cloud cover expressed in 
the oktas. This percentage are converted into the octas by 
using an approach of Boers et al. (2010). Table 4 shows the 
relations between the percentage and octas.

Some simulations do not have daily relative humidity 
but daily specific humidity. However, the latter can easily 
be recalculated into the relative humidity by relation,

RH =
pH2O

p∗
H2O

∙ 100%

F I G U R E  1  Map of Odesa with location of HMC BAS (★) and 
grid points by different simulations of RCMs (♦— REMO2009 
and uas, vas in HadREM3, ■— ALARO0, ●— ALADIN53 and 
ALADIN63, ▲— RegCM4- 6, ✚— rest models).

T A B L E  3  Meteorological variables used in this study.

Name Description Units

CC Daily cloud cover oktas

DD Daily value of wind direction °

FG Daily mean wind strength m s−1

FX Daily maximum wind gust m s−1

RH Daily relative humidity %

RR Daily precipitation amount mm

SD Daily snow depth cm

SS Daily sunshine duration hours

TG Daily mean temperature °C

TN Daily minimum temperature °C

TX Daily maximum temperature °C

T A B L E  4  Conversion table from cloudiness expressed in 
percentage to cloudiness expressed in octa (by Boers et al., 2010).

Total cloud fraction (%)

Cloud 
cover 
(oktas)

0 0

0 < % < 18.75 1

18.75 ≤ % < 31.25 2

31.25 ≤ % < 43.75 3

43.75 ≤ % < 56.25 4

56.25 ≤ % < 68.75 5

68.75 ≤ % < 81.25 6

81.25 ≤ % < 100 7

100 8
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6 |   BOROVSKA and KHOKHLOV

where pH2O
 is the partial pressure of water vapour

and p∗
H2O

 is the saturated vapour pressure and regarding to 
Bolton (1980) can be calculated by

In the above equations, p is the sea level pressure (hPa), 
SH is the specific humidity (g kg−1) and t is the air tem-
perature (°C). Let us note that some simulations provide 
the surface air pressure not the sea level pressure. In that 
case, the latter is calculated by 5 hPa increasing of surface 
air pressure considering the change in pressure near sea 
level with altitude of ~1 hPa/8 m and the height of ~40 m 
above sea level for Odesa.

Simulations of some RCMs— ALADIN53, HadREM3, 
REMO2009, REMO2015, RegCM4- 6, and WRF381P— do 
not have the snow depth but the surface snow amount. 
Then, the daily snow depth can approximately be calcu-
lated by the relation,

This linear- type relation was empirically derived 
by averaging the outputs from the simulations, which 
contain both the snow depth and surface snow amount. 
Figure 2 shows an example of that relationship. It can 
be, however, noted that the reliability of this regression 
equation is questionable, but it allows increasing the 
number of simulations for which snow cover indices 
are calculated. Nevertheless, end users should use the 
index SD resulting from that relation with care. Let us 
note that the HIRHAM5 RCM also used similar relation, 
but the coefficient before snw equals 0.0033, and the free 
term is zero.

3.2 | Indices

The indices used in this study are proposed in 
ECA&D (2021). The calculation procedure of these indi-
ces is quite simple and involves, in most cases, the calcu-
lation of the mean, minimum and maximum values of a 
certain meteorological variable in a certain period or the 
number of days where this value was above or below a 
certain threshold in this period of time. Table 5 contains 
the full list of these indices.

Odesa is a well- known tourist region in Ukraine. 
According to Shpak et al.  (2022), Odesa has a second 

ranking in Ukraine by recreational and tourist potential 
as of 2019. Considering the climate as an important factor 
forcing recreational and tourist potential, a few indices are 
involved in the database. The first index— Holiday Climate 
Index (HCI)— was introduced by Demiroglu et al. (2020) 
and allows assessing conditions for tourists from ‘danger-
ous’ to ‘ideal’ by the four subindices of the HCI, namely 
Thermal Comfort (TC), Aesthetics (A), Precipitation (P) 
and Wind (W), separately for urban (HCIu) and beach 
(HCIb) destinations by the relations

All the subindices are the table values (see Demiroglu 
et al., 2020).

The Odesa region is also well known in Ukraine for 
wine production and wine tourism with many vineyards 
and winery degustation sites. Therefore, the database con-
tains two indices describing the growth of grapes— the 
Huglin Index (HI) and the Biologically Effective Degree 
Days (BEDD). Both indices are calculated for days from 
April 1 to September 30. The Huglin Index is calculated 
by using the daily mean and the daily maximum tempera-
tures (Huglin, 1978)

pH2O
=
p ∙ SH

622

p∗H2O
= 6.11 ∙ 10

7.5t
237.3+t .

SD = 100 ∙ (0.0041 × snw + 0.0004).

HCIu = 4(TC) + 2(A) + 3(P) + (W )

HCIb = 2(TC) + 4(A) + 3(P) + (W )

HI =

30∕09
∑

01∕04

(TG − 10) + (TX − 10)

2
K

F I G U R E  2  Relationship between snow depth (snd) and surface 
snow amount (snw) from the simulation by RACMO22E RCM with 
driving EC- EARTH GCM in 2021– 2050 for scenario RCP 8.5.
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   | 7BOROVSKA and KHOKHLOV

T A B L E  5  Indices calculated in this study.

Acronyms Definition of indices

CC
CC2
CC6
GD4
GSL
CFD
FD
HD17
ID
CSDI
TG10p
TN10p
TX10p
TXn
TNn
CD
CW
WD
WW
HCIb
HCIb60
HCIb80
HCIu
HCIu60
HCIu80
CDD
SPEI1
SPEI3
SPEI6
SPEI12
HI
BEDD
SU
TR
WSDI
TG90p
TN90p
TX90p
TXx
TNx
CSU
RH
RR
RR1
SDII
CWD
R10mm
R20mm
RX1day
RX5day
R75p
R75pTOT
R95p
R95pTOT
R99p
R99pTOT
SD

Mean of daily cloud cover (oktas)
Mostly sunny days (cloud cover ≤2 oktas) (days)
Mostly cloudy days (cloud cover ≥6 oktas) (days)
Growing degree days (sum of TG > 4°C) (°C)
Growing season length (days)
Maximum number of consecutive frost days (TN < 0°C) (days)
Frost days (TN < 0°C) (days)
Heating degree days (sum of 17°C –  TG) (°C)
Ice days (TX < 0°C) (days)
Cold- spell duration index (days)
Days with TG < 10th percentile of daily mean temperature (cold days) (days)
Days with TN < 10th percentile of daily minimum temperature (cold nights) (days)
Days with TX < 10th percentile of daily maximum temperature (cold day- times) (days)
Minimum value of daily maximum temperature (°C)
Minimum value of daily minimum temperature (°C)
Days with TG < 25th percentile of daily mean temperature and RR < 25th percentile of daily precipitation sum (cold/dry days)
Days with TG < 25th percentile of daily mean temperature and RR > 75th percentile of daily precipitation sum (cold/wet days)
Days with TG > 75th percentile of daily mean temperature and RR < 25th percentile of daily precipitation sum (warm/dry days)
Days with TG > 75th percentile of daily mean temperature and RR > 75th percentile of daily precipitation sum (warm/wet days)
Holiday Climate Index: Beach
Days where the Holiday Climate Index: Beach ≥60 (good)
Days where the Holiday Climate Index: Beach ≥80 (excellent)
Holiday Climate Index: Urban
Days where the Holiday Climate Index: Urban ≥60 (good)
Days where the Holiday Climate Index: Urban ≥80 (excellent)
Maximum number of consecutive dry days (RR <1 mm) (days)
Standardized Precipitation Evapotranspiration Index –  1
Standardized Precipitation Evapotranspiration Index –  3
Standardized Precipitation Evapotranspiration Index –  6
Standardized Precipitation Evapotranspiration Index –  12
Huglin Index
Biologically Effective Degree Days
Summer days (TX > 25°C) (days)
Tropical nights (TN > 20°C) (days)
Warm- spell duration index (days)
Days with TG > 90th percentile of daily mean temperature (warm days) (days)
Days with TN > 90th percentile of daily minimum temperature (warm nights) (days)
Days with TX > 90th percentile of daily maximum temperature (warm day- times) (days)
Maximum value of daily maximum temperature (°C)
Maximum value of daily minimum temperature (°C)
Maximum number of consecutive summer days (TX > 25°C) (days)
Mean of daily relative humidity (%)
Precipitation sum (mm)
Wet days (RR ≥ 1 mm) (days)
Simple daily intensity index (mm/wet day)
Maximum number of consecutive wet days (RR ≥ 1 mm) (days)
Heavy precipitation days (precipitation ≥10 mm) (days)
Very heavy precipitation days (precipitation ≥20 mm) (days)
Highest 1- day precipitation amount (mm)
Highest 5- day precipitation amount (mm)
Days with RR > 75th percentile of daily amounts (moderate wet days) (days)
Precipitation fraction due to moderate wet days (>75th percentile) (%)
Days with RR > 95th percentile of daily amounts (very wet days) (days)
Precipitation fraction due to very wet days (>95th percentile) (%)
Days with RR > 99th percentile of daily amounts (extremely wet days) (days)
Precipitation fraction due to extremely wet days (>99th percentile) (%)
Mean of daily snow depth (cm)

(Continues)
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where K is the function of latitude and equals 1.05 for 
Odesa. The Biologically Effective Degree Days index has 
been specifically created by Gladstones  (1992) to describe 
grape growth and is calculated by

with b = 10 as an appropriate value for the grapes.
ECA&D (2021) suggests calculating the Standardized 

Precipitation Index (Guttman,  1999) as a measure of 
droughts. Considering not only precipitation increase/
decrease but also significant temperature increase due 
to global warming, Vicente- Serrano, Beguería, and 
López- Moreno  (2010) concluded that there is an ad-
vantage in the use of drought index that includes both 
the precipitation and temperature and described the 
Standardized Precipitation Evapotranspiration Index 
(SPEI). In recent years, this index has been widely used 
and, moreover, there are global- scale interactive datasets 
and monitoring systems for this index (Vicente- Serrano 
et al., 2023; Vicente- Serrano, Beguería, López- Moreno, 
Angulo, & El Kenawy, 2010). In this study, we calculate 
the SPEI at 1- , 3- , 6-  and 12- month basis using monthly 
mean temperature and precipitation sum for the period 
1991– 2050.

The calculation of some indices in Table  5 related to 
temperature and precipitation assumes the use of percen-
tiles. ECA&D  (2021) suggests calculating percentiles by 
meteorological variables of 1961– 1990. From our point of 
view, the variables of 1991– 2020 are preferable to use with 
the aim of this paper. This makes it possible to compare 
the near future climate with recent, that is, to start from 

the current state when climate change adaptation plan-
ning. Figure 3 shows that the mean temperature in Odesa 
has increased by ~1°C over the past 30 years, which can 
result in a significant over-  or underestimation of some 
temperature- related indices when variables of 1961– 1990 
are used to calculate percentiles.

Figures 3 and 4 display two commonly used climatic 
parameters— mean temperature and precipitation 
sum— for Odesa by the RCP8.5 scenario. A significant 
trend towards an increase in the average annual tem-
perature will continue, and the temperature will also 
increase for all months. There exists only little proba-
bility of a negative average monthly temperature and 
only in January. Although the average annual precip-
itation sum will increase slightly (~20 mm), it will de-
crease significantly in summer and increase in spring 
and at the end of the year. In general, it seems that the 
climate of Odesa is moving towards the Mediterranean 
climate— warm to hot, dry summers and mild, moder-
ately wet winters.

The CP_OdU dataset includes the 76 .zip files whose 
names contain the acronyms from Table  5. Each .zip file 
contains many .csv files with names, as was described ear-
lier. Each .cvs file contains indices for the months from 2021 
to 2050 and an additional column with an annual mean 
value.

4  |  CONCLUSIONS

The CP_OdU dataset contains hydrometeorological 
data sufficient to describe the future climate of Odesa, 
Ukraine. The dataset includes not only the temperature 
and precipitation commonly used in climate studies but 

BEDD =

30∕09
∑

01∕04

min
[

max
(

TX − TN

2
− b, 0

)

, 9
]

Acronyms Definition of indices

SD1
SD5cm
SD50cmSS
SSp
TG
TN
TX
DTR
ETR
vDTR
FXx
FG6Bft
FGcalm
FG
DDnorth
DDsouth
DDeast
DDwest

Snow days (SD ≥ 1 cm) (days)
Number of days with SD ≥ 5 cm (days)
Number of days with SD ≥ 50 cm (days)Sunshine duration (hours)
Sunshine duration fraction with respect to daylength (%)
Mean of daily mean temperature (°C)
Mean of daily minimum temperature (°C)
Mean of daily maximum temperature (°C)
Mean of diurnal temperature range (°C)
Intra- period extreme temperature range (°C)
Mean absolute day- to- day difference in DTR (°C)
Maximum value of daily maximum wind gust (m s−1)
Days with daily averaged wind ≥6 Bft (10.8 m s−1) (days)
Calm days (FG ≤2 m s−1) (days)
Mean of daily mean wind strength (m s−1)
Days with northerly winds (−45° < DD ≤ 45°) (days)
Days with southerly winds (135° < DD ≤ 225°) (days)
Days with easterly winds (45° < DD ≤ 135°) (days)
Days with westerly winds (225° < DD ≤ 315°) (days)

T A B L E  5  (Continued)
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   | 9BOROVSKA and KHOKHLOV

also the characteristics of cloudiness, snow cover and 
wind, as well as specific compound indices that could be 
used in different fields of the economy. The availability of 
climate data is although a necessary condition but only 

one step towards creating a climate change adaptation 
plan for a city. The next steps should be to use these data 
to analyse the climate change impacts and to design the 
necessary urban engineering solutions in various fields, 

F I G U R E  3  Annual mean temperature and precipitation sum in 2021– 2050 for scenario RCP 8.5 in Odesa, Ukraine, by model ensemble 
from Table 1. The box plots visualize 10/90- percentile (whiskers), 25/75- percentile (box), median and average (dots), linear trend (solid line). 
The dashed lines are 30- year mean values for 1961– 1990 at 10.1°C, for 1991– 2020 at 11.3°C and for 2021– 2050 at 13.0°C for temperature and 
for 1961– 1990 at 464 mm, for 1991– 2020 at 466 mm and for 2021– 2050 at 484 mm for precipitation.
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10 |   BOROVSKA and KHOKHLOV

including farming, coastal, water, energy management 
etc. (e.g. El Hadri et al., 2019; Harris et al., 2023; Jenkins 
et al., 2023; Leone et al., 2022; Meixler et al., 2023; Pawluk 
De- Toledo et al., 2023; Zhou, 2023).

Before using CP_OdU dataset, bias correction of cli-
mate model simulations can be needed prior to impact 
studies. Bias correction is a model output statistics ap-
proach that seeks to use information from biased model 
outputs. A bias may be uncertainties: scenario uncer-
tainty, model uncertainty and climate internal variability 
(Evin et al., 2019). Vaittinada Ayar et al.  (2021) showed 
how important it is to maintain the climate internal 
variability, that is, the choice of bias correction method 
is essential. Tong et al. (2021) showed that the effects of 
bias correction are variable-  and season- dependent and 
different methods can affect the simulated change sig-
nals differently. Thus, the bias correction process must be 
carefully taken.

In the case of the CP_OdU dataset, the bias correction 
process is a nontrivial problem since the dataset contains 
a lot of variables and model simulations. That is why we 
assume that the correct approach is to apply a bias correc-
tion before a specific impact study in some field mentioned 
earlier.

Finally, the CP_OdU dataset will simplify the research 
related to the near- future climate near Odesa, Ukraine. 
The format of files with data, .csv, is widely accepted by 
programming languages, for example, Python, or spread-
sheet computer applications such as MS Excel. We also 
think the approach we used here can be applied to similar 
studies.
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