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Abstract

The need to house population in urban areas iscéegheo rise to 66% in 2050, according to Unitedidfes.
The replacement of natural permeable green ardascamncrete constructions and hard surfaces witidteced.
The densification of existing built-up areas isp@ssible for the decreasing vegetation, which tesalthe lack
of evapotranspiration cooling the air. Such dedngasegetation causes urban heat islands. Sinces @
pavements have a very low albedo, they absorb aflstinlight. Several studies have shown that aatand
permeable surfaces, as in the case of green roafs,play crucial role in mitigating this negativemate
phenomenon and providing higher efficiency for bhi#lding, leading to savings. Such as water sawvivitat is
the main idea of this research.
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1 Introduction

Green roof advantages concerning water managemente the attenuation of flood peaks
in extreme rain events due to stormwater runoffigleacting like a meanders of the river
through water storage in the layers of the greef, r@nd reduction into the public drainage
system [1]. Water distress is an issue, which magght an attention on the possibility using
green roof structures to manage stormwater andvatlteir storage for later reuse. In

Portugal, ANQIP (Associacdo Nacional para a Qudkdaas Instalagcbes Prediais) has
developed a Technical Specification ETA 701 [2]f@inwater harvesting in buildings, being

a valuable tool to couple with the green roof textbgy [3].

Green roofs have the potential to be the most camtyyee of green structures in the city due
to their characteristics, low maintenance and laight to the buildings [3].
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2 Data

According to 5 year analysis, World Meteorologi€aiganization (WMO) stated that the
period between 2011 and 2015 was the warmest pefiacd years long period in the history
of observations. During this period there have bessny cases of extreme weather,
particularly heat waves. Situation of the globahelte in 2015 was historic for many reasons.
The level of greenhouse gases in the atmospheredaated new highs in the northern
hemisphere during spring 2015. For the first timexceeded 3 month average of global
concentrations of C 2015 was the warmest year in the history recanderms of the
surface temperature of the oceans since the begimhiobservations [4].
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Figure 1 Spatial distribution of humidity trendsJialy 2015 in KoSice

In 2016 there were 2-7 more days of summer thaxtiremely warm year 2015. On the other
hand, we have experienced significantly fewer tapdays than in the previous year 2015,
approximately 15 to 30 days less [5, 6].
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Summer of 2016 was in all the main features quiferént than the summer of 2015. While
the year 2015 was extremely warm at the same tiwas also very dry. Summer 2016 was
much wetter than summer 2015. This resulted ingah humber of days and nights, when a
people feel stuffy. It also resulted in intensentdherstorms. An essential feature of summer
2016 was also part of the transition significanidcioont, which also initiated a significant
convective systems that brought abundant rainfddat is why in 2016 we did not observe
similar long periods of high daily maximum air teengtures exceeding 35 °C as in summer
2015. Characteristic features of the summer 201@ wetremely high temperatures and high
frequency of intense storms and torrential raisfdlat are associated with them [5,6].
Following above mentioned information, July 01-2015 data from this period was used to
create map of green roofs of KoSice city.

3 Fixed stations in KoSice

The studies on green roofs and their retentionitggsgin other cities in world are focusing on
humidity as a factor. Online data from period Juy31, 2015§old text) were supplemented
with calculated data (regular text) caused by gapmeasurement, using data from period
July 01-31, 2016, mathematic calculation and takimg account the location of weather
station.

Table 1 List of weather stations and minimum hutgidf period July 01-31, 2015

addres Kosice housing este min. humidity [%
Berlinska 2 Sidisko Tahanovce 22
Braniskova 2t Staré mest( 25
Brnenska 4 Zapac 21
Bukovecka 4 Sidlisko nad Jazerc 2C
Bukovecka 6 Sidlisko nad Jazerc 22
Cesta pod Hradovou | Sevel 29
Cingovska 1t Sidlisko nad Jazeron 41
Cingovska 7. Sidlisko nad Jazerc 25
Magnezitarska 2 Sevel 22
Fatranska 3 Staré mest 24
Hrabova 8 VySné Opatske 19
Kmet'ova 5! Staré mesi 26
Komenského £ Seve 28
Obrody 6! Zapac 22
Park angelium £ Staré mesi 26
Park mladeze Seve 27
Severné Nabrezie DZunda 18
Sokolovska 2: Zapad 17
Starozagorska KVP 18
Suhajova 4 Krasn: 27
Suhajova 7 Krasn: 21
Turgenevova € Juf 24
Zinkova 9 Barca 22
Zupkova 7 Furca 19

Spatial distribution of humidity trends in July Zin KoSice is pictured in Figure 1. The
distribution of humidity trends used only data (mumidity [%]) listed in Table 1. Table 2
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represents the distribution of humidity of each thea station. The study uses minimum
humidity because it takes the worst case scenattoaccount. The first radius of minimum

humidity of each weather station represents 25CGrmeminimal distance between weather
stations used for this research. The second radprssents 500 meters.

4 Map of minimum humidity in June, 2015 in KoSice

The detail of spatial distribution of humidity tesin July 2015 in KoSice focusing on city
centre and surrounding housing estates is pictar&jure 1. The distribution used only data
listed in Table 1. 22 self-governing neighborhobdse more than just one humidity zone.
The biggest extremes are observed in Nad JazeramKaasna housing estates. The
differences are due to presence of heat statite, dad park near weather stations used for
this research. Important is that these measurememniits are related to the temperature
measurements. The weather stations with higher @éeatyres have lower humidity and the
weather stations with lower temperatures have higiuenidity. In KoSice during summer
2015 up to 24% humidity differences (minimum 17%axmum 41%) occurred in
comparison one housing estate to another houstatees

Table 2 Range of humidity of period July 01-31, 2(%)]

addres / 27126 25 [ 24[23][22] 2120 1c[18 27
Berlinska 3
Braniskova 2¢
Brnenska 4
Bukovecka 4
Bukovecka 6

Cesta pod Hradovou | -
Cingovska 1t
Cingovska 7.
Magnezitarska
Fatranska 3
Hrabova 8
Kmetova 5!
Komenského £ e
Obrody 6:
Park angelium £
Park mladeze
Severné Nabrezie
Sokolovska 2: e
Starozagorska !
Suhajova 4
Suhajova 7
Turgenevova €
Zinkova 9
Zupkova 7
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5 Green roofs beating low humidity in KoSice

KoSice was chosen as a study area to demonsteapossibility to mitigate low humidity and
therefore heat island in the city center and haugstates implementing green roofs. The
dissertation, one of its parts is this paper, dedls the possibility to use green roof structures
to manage stormwater runoff delay, its reductioto ithe public drainage system and its
storage for later reuse.

Green roofs in urban areas are significant duéea tapacity of water storage in the layers
of the roof. This capacity, retention quality, & minimizing the effect of extreme rainfall
in short period. Retaining water in the layersha green roof means reducing the flood peak
in the urban drainage system and reducing theofigkater distress.

The dissertation, one of its parts is this papsgsu6 typical types of different green roof
construction: 001, 002, 003, 004, 005 and 006.r&kearch focusing on this topic is ongoing.

Figure 2 Allocation of green roofs in KoSice follmg spatial distribution of humidity trends

The area with low humidity (17-22%) needs greerf mmmstruction (type 004, 005 or 006)
with higher retention qualities (Fig. 2, blue cglofhe city area with higher humidity (24-
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41%) needs green roof construction (type 001, GAX8) with lower retention qualities (Fig.

2 green color). Using list of typical green roohestructions used for this research. The first
radius of suggested green roof construction reptese50 meters. The radius represents
minimal distance between weather stations usedthisr research. The second radius of
suggested green roof construction represents 5@&rsne

The map of green roofs in KoSice (Fig. 2) is medalsing data in Tab. 1. Allocation of two
different major types (001 002 003) and (004 005)0of green roofs follows these data.
More input data is heeded to complete more preamskemore accurate map of green roofs of
KoSice city.

6 Conclusion

The paper is a part of the dissertation focusingm@en roofs and their retention qualities. In
this part of this research, modeling the map ofKkhsice city based on minimum humidity is
the mail goal. Following data from 07/2015 the nmpreated based on the key that the area
with low humidity needs green roof constructionhwitigher retention qualities and the city
area with higher humidity needs green roof consimacwith lower retention qualities. The
aim of this research is to continue and providgpes$ of the green roof constructions as a
choice for the user / citizen of the city basedpicking the best one according to the city
district, where it should be built.
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