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EFFECT OF URBAN HEAT
ISLANDS AND DEVELOPMENT
FACTORS

With the development of cities, changes in space and landscape
inevitably occur, as buildings, roads and other built infrastructure
replace natural areas. In natural areas, surfaces are permeable and
moist. During urbanization, however, they are transformed into dry
and impermeable surfaces, and the construction affects the
direction and speed of the wind. Such changes in land use lead to
the formation of urban heat islands (UHI).

UHI is a climatic phenomenon that causes higher surface and air
temperatures in urban areas compared to rural and natural
environments. It is precisely this temperature difference that
constitutes the UHI. The annual average air temperature of a large
city with a population of one million or more can be 1 to 3°C higher
than the ambient air temperature. During calm nights, the
temperature difference can reach up to 10°C. Even smaller towns
and settlements face heat islands, but they are less pronounced. The
intensity of UHI occurrence is related to the volume of built-up areas,
building density, human activities, socioeconomic impacts,
proportion of vegetation (especially dendrological species), weather
conditions, etc.

This Handbook has been developed to enable the Ministry of
Physical Planning, Construction and State Assets to provide local self-
government units (LGUs) with a framework for identifying UHIs and
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to provide a set of framework guidelines with a special focus on
green urban renewal measures. One aspect of this Handbook is the
methodology for identifying the effects of UHIs, which takes into
account various characteristics such as built-up and surface use, as
well as a review of possible mitigation guidelines. The Handbook
contains illustrative examples of good practice to facilitate the
transfer of knowledge to local authorities and relevant stakeholders.



FACTORS THAT AFFECT THE FORMATION
OF THE URBAN HEAT ISLAND EFFECT

Climatic factors play a key role in the formation and intensification
of UHIs. Air temperature, relative humidity, wind and precipitation
have a major impact on this phenomenon. High temperatures
caused by anthropogenic activities such as transport and industry
contribute to the increase of surface and air temperatures in urban
areas. Reduced air humidity further intensifies the effect of heat
islands as urbanized areas are less humid and more prone to heating.
Reduced wind speed in urban areas hinders heat dispersion, and
changes in humidity can affect thermal comfort and increase heat
stress for residents. During heatwaves, the effect of heat islands is
amplified, but the level varies depending on the location and time.

In the future, the risks of heatwaves for cities and infrastructure will
worsen even more. Depending on the greenhouse gas emissions
scenario, a large portion of the population could be exposed to
extreme heat and humidity by the end of the century, with cities in
mid-latitude regions being particularly vulnerable to these risks.
Climate change is already having a major impact on the urban
environment, and higher temperatures and altered weather
patterns will only exacerbate the situation. The impact of climate
change on UHIs is complex, involving interactions between
meteorological, environmental and spatial factors.
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OVERVIEW OF CLIMATIC FACTORS

INCREASED AIR TEMPERATURE DUE TO CLIMATE CHANGE

Average temperatures in urban areas of Europe have increased by 1
to 3 °C, causing increased heat load. High temperatures affect the
heating of urban areas such as asphalt roads, buildings and roofs,
which leads to an increase in temperature within cities.

MORE FREQUENT AND INTENSE HEATWAVES

The number of days with extremely high temperatures (above 35°C)
has increased in Europe, causing more frequent and intense
heatwaves. Climate change leads to earlier onset and longer
duration of heatwaves, further increasing temperature differences
between the city and its surrounding.
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CHANGES IN PRECIPITATION PATTERNS

Climate change brings changes in precipitation patterns, which can
affect the water balance in urban areas. Drought periods during
summer further intensify the effects of UHIs, while lack of water can
limit cooling options and water supply.

PROJECTIONS OF CLIMATE CHANGE IMPACTS ON HEAT ISLANDS IN
CROATIA

Analyses by the Croatian Meteorological and Hydrological Service
show anincrease in the number of hot days and hot nights in Croatia,
especially in Zagreb. The urban heat effect is pronounced, especially
due to built concrete surfaces, resulting in a strong heat increase.



OVERVIEW OF OTHER FACTORS

Removal of vegetation in urban areas leads to a reduction of shaded
areas and the absence of evapotranspiration processes through
which vegetation lowers air temperature.

Properties of building materials such as the reduced ability to reflect
sunlight, heat emission and heat capacity affect the temperature
increase in cities. As a result, urban centres can absorb and store
twice as much heat during the day as their rural surroundings.

Urban morphology affects airflow and the ability of surfaces to emit
longwave radiation back into the atmosphere. Due to dense urban
construction, surfaces and buildings are often at least partially
shielded by neighbouring structures, preventing them from releasing
heat quickly and unobstructed.

Anthropogenic heat sources refer to heat produced by human
activities in an urban environment, and this heat is estimated as the
sum of energy consumed for heating and cooling, appliance
operation, transport and industrial processes.

Changes in water balance in cities result from altered surface
properties in the city (e.g. large areas covered with impermeable
materials). Rapid runoff of rainwater through grey infrastructure and
insufficient vegetation in cities reduce transpiration and evaporation
of water from the soil, which is reflected in lower absolute and
relative air humidity.

Weather and geographical factors such as wind direction and speed,
location and local topography of cities influence the creation of the
UHIs effect. For example, large water surfaces near cities mitigate
temperature fluctuations and reduce temperatures, while cities
located in valleys are generally poorly ventilated.
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URBAN HEAT ISLANDS IN CROATIA

Analyses by the Croatian Meteorological and Hydrological Service
indicate the problem of UHIs caused by climate change. The warming
in Croatia is manifested in all temperature extremes indices, such as
a significant increase in the number of hot days, an increase in the
number of hot days in spring, an increase in the number of hot
summer nights on the Adriatic and an extension of warm periods.
Significant warming in the interior of Croatia is especially visible in
the area of Zagreb, which indicates a strong urban warming effect,
and there is a particularly pronounced increase in the number of hot
nights due to the increased heating of built concrete surfaces. On an
annual basis, there will be at least 12 more hot days throughout the
Republic of Croatia in the period from 2041 to 2070 compared to the
period from 1981 to 2010. The far east of the country is expected to
see an increase of 12 to 15 days, while central Croatia will see an
increase of 15 to 18 hot days. The mountainous regions, as well as
the inland areas of Dalmatia and Istria, will experience up to 21 more
hot days, and the narrow coastal area will have up to 24 more hot
days in the period from 2041 to 2070 compared to 1981 to 2010.
Annual changes in the duration of warm periods, in accordance with
the changes in the number of hot days, gradually increase from the
east of the country through the central and mountainous regions and

8 | HANDBOOK ON MITIGATING URBAN HEAT ISLANDS

reach the maximum along the coast. This spatial increase, from the
east through central and mountainous areas towards the coast, is
characteristic of all four seasons, most pronounced in summer and
least in winter.

The largest urban area in the Republic of Croatia is Zagreb, with a
metropolitan population of about one million, followed by Split and
Rijeka, the only Croatian cities with over one hundred thousand
inhabitants. While UHIs are often associated with large metropolitan
cities, they can also form in smaller cities because they primarily
depend on the concentration of artificial materials such as concrete,
asphalt, glass, etc. Therefore, it should be emphasized that UHIs will
also form in smaller urban areas, which are numerous in Croatia,
negatively impacting the health of that part of the population.
However, larger cities will experience both a greater negative impact
of UHIs and their intensity, i.e. the difference between the
temperature of the city centre and its surroundings, compared to
smaller towns. The figure below shows the spatial distribution of
UHIs in the city of Zagreb, which clearly demonstrates that densely
built areas are exposed to higher temperatures compared to the
unbuilt, especially green and water areas.
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The effect of UHIs on the example of Zagreb according to different types of urban land cover

Urban morphology varies significantly between cities in the territory
of the Republic of Croatia and is heavily influenced by physical and
geographical characteristics. For example, coastal cities are often
more densely populated than continental ones, partly due to natural
factors and partly due to economic and commercial reasons that
drive littoralization, causing coastal cities to expand within a narrow
coastal strip. Many coastal cities are limited by mountainous

barriers, preventing expansion inland, while, at the same time,
littoralization keeps the majority of the population in the coastal
area. As a result, coastal cities have a much more heterogeneous
urban morphology than continental cities, which exhibit a much
lower complexity of topography and are often located in river plains.
Their urban structure is therefore more regular because the
expansion of the city could be carried out with a certain level of
planning. Additionally, cities with a river flowing through experience
a cooling effect due to the presence of a water surface that reduces
the heat load. The negative impact of UHIs on the population and
visitors of cities is particularly pronounced in larger Croatian cities
and tourist destinations in the summer season. As part of the
intensification of negative effects due to the impact of the climate,
the Mediterranean part of the coastal area stands out, where the
effects will be significantly more pronounced than in the
mountainous or Pannonian parts of the country. In addition to
climate differentiation, among these areas there are differences in
features such as the relief environment, urban morphology and
traditional materials used in construction, all of which have a specific
effect on the intensification or reduction of the negative UHI effects.
It is therefore essential to identify all positive and negative factors
and to adapt measures to mitigate the negative effects of UHIs.
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THE IMPORTANCE OF
IDENTIFYING AND
MITIGATING URBAN HEAT
ISLANDS

The impact of UHIs on the environment and residents' health poses
a significant challenge in urban areas around the world. Solar
radiation, or thermal energy that reaches urban areas, is the main
natural driver of UHI formation, while anthropogenic activities
contribute to an increase of this effect. Increased urbanization
results in the creation of UHIs, so temperatures are significantly
higher than in the surrounding rural areas. The intensity and severity
of this phenomenon increase with rising temperatures of an area and
the expansion of cities and construction into the surrounding rural
and natural areas. This leads to harmful consequences, including
changes in ecosystems, increased energy consumption for cooling,
and health problems for urban residents.

ENERGY CONSUMPTION

Global warming and UHI effects have a significant impact on energy
consumption in buildings, particularly increasing the need for air
conditioners for cooling. In summer, total electricity consumption
and peak energy load can rise by as much as one fifth. For each
degree of increase in air temperature in the range from 20 to 25°C,
the demand for electricity for air conditioning or cooling in rural
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areas increases by 3 to 4%. In urban areas, due to additional heating
caused by the effects of UHI, the demand for electricity for cooling
can increase by an additional 5 to 10%. The highest demand typically
occurs during hot summer afternoons on weekdays, when air
conditioners, lights and electronic devices are in use. During extreme
heat events, which exacerbate the UHI effect, increased use of air
conditioners can strain systems or even lead to power outages.

One of the few positive effects of UHIs is the reduction in the energy
required for heating residential areas during the cold part of the
year. Reducing the need for heating, especially with fossil fuels, has
a positive impact on improving air quality and reducing pollution in
urban areas. The impact of climate change and UHIs is present in
Croatia, too, indicating a correlation between energy consumption
and climate change during the warmer and colder parts of the year.

INCREASED GREENHOUSE GAS
EMISSIONS AND AIR POLLUTION

A higher demand for electricity for cooling purposes contributes to
higher greenhouse gas emissions and air pollution, especially due



to the extensive use of fossil fuels in the energy sector. These
pollutants have a detrimental effect on human health by
deteriorating air quality through the formation of ground-level
ozone (smog), fine particles and acid rain. Ground-level ozone is
formed as a result of the reaction between nitrogen oxides and
volatile organic compounds under the influence of sunlight and high
temperatures.

THREAT TO HEALTH, PRODUCTIVITY
AND REDUCED QUALITY OF LIFE

Heat stress is associated with a range of health issues for urban
residents, with the consequences of higher urban temperatures
being unevenly distributed among urban populations. Heat islands
contribute to higher daytime temperatures, reduced night time
cooling and higher levels of air pollution. This leads to heat-related
conditions and illnesses, such as general discomfort, respiratory
problems, heat cramps, heat exhaustion and heat stroke, which can
even be fatal in some cases. The elderly population is among the
most vulnerable to extreme heat due to physiological, psychological
and socioeconomic factors. Older people, especially women, often
have poorer health, are more sensitive to high temperatures, less
mobile and isolated, and have low incomes. Children are also more
sensitive to extreme heat due to their low body weight, physiological
characteristics and lifestyle. For example, children’s faster breathing
relative to body size, longer time spent outdoors and a developing
respiratory system increase the risk of worsening asthma and other
lung diseases caused by low-ozone and smog pollution during heat
waves. Lower-income populations face greater health risks from
heat due to poor housing conditions, such as lack of air conditioning

and living in homes with inadequate thermal insulation. During heat
waves, individuals with diabetes, physical impairments and cognitive
disabilities are particularly at risk. Stabilization of climate warming
can significantly reduce health risks for the population during heat
waves. Dehydration and heat stress negatively impact behaviour,
learning and cognitive functions across all age groups. There is also
a link between extreme temperatures and an increased incidence of
various health issues, such as epileptic seizures and neurological
disorders.

Higher temperatures in urban areas create unequal economic
burdens for residents and households. In some regions, there is a
greater need for the use of air conditioners, leading to high energy
consumption during warm periods. Economic burdens are also
caused by medical costs related to treating heat-induced illnesses
and work absences. Furthermore, disproportionate increases in risks
have been recorded for people of lower socioeconomic status
exposed to urban heat. These risks arise from inadequate housing
conditions, less frequent use and access to air conditioners, and
performing physical work outdoors, which exacerbates exposure to
heat.

The intensity of UHIs increases with more intense urbanization,
negatively affecting property values, occupancy rates and overall
investment attractiveness. Moreover, extreme temperatures caused
by UHIs negatively affect sports and cultural events in a twofold way
— by reducing the quality of performances and the experience and
health of participants and spectators. These effects also have a direct
impact on reducing the number of visitors, thereby causing
additional monetary damage.

HANDBOOK ON MITIGATING URBAN HEAT ISLANDS | 11



OTHER ENVIRONMENTAL IMPACTS

Aside from urban areas and their populations, the negative effects
of UHIs also extend to water systems, causing changes in water
balance and biological activity. Increased temperatures on the
surface of roads and roofs heat rainwater, which then flows into
bodies of water, raising the temperature of rivers, lakes and seas.
This has a negative impact on aquatic ecosystems and animal
species that depend on these habitats. The lack of green
infrastructure elements, such as rain gardens and green roofs,
further hinders the cooling and quality improvement of rainwater.
The negative impact of UHIs is also reflected in water balances.
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During summer months, especially in dry periods, the likelihood of
water shortages in urban areas increases.

UHIs contribute to an increased risk of fire by evaporating moisture
from the soil and drying the vegetation, which facilitates the spread
of fire from the periphery to the inner parts of the city.

Research shows that the increase in ambient temperature and the
intensity of UHIs negatively affect the growth and development of
urban trees by reducing their resilience to stress and shortening
their lifespan. Effective management of urban green infrastructure is
becoming crucial for addressing challenges associated with UHIs and
preserving the environment in urban areas.



OVERVIEW OF THE
METHODOLOGY FOR
IDENTIFYING URBAN HEAT
ISLANDS

Identifying UHIs is the process of recognizing and quantifying
temperature differences that indicate UHI effects (showing
significantly higher temperatures compared to surrounding rural
areas), with the main goal of determining the presence and intensity
of UHI effects.

There are a large number of methods and techniques for
determining the extent and characteristics of UHIs in the literature,
differing in terms of research goals, input data used, precision and
level of complexity. The most commonly used methods are
numerical modelling, remote sensing analysis and in situ
measurements.

Given the need to enable the analysis of the current situation for all
local self-government units at the level of the Republic of Croatia,
which implies the availability of data at the national level, a basic
methodology has been proposed that combines the use of
available land use data, aerial imaging and mathematical modelling
of solar radiation.

As a basic spatial data source for identifying UHIs, it is possible to use
vegetation maps and land type data available in the form of the Basic
Topographic Database (BTD), which was developed according to the

CROTIS methodology and is under the competence of the State
Geodetic Administration. This data is available upon request and
mapped at a scale of 1:10,000, which is currently the only data of this
type and detail available for the entire territory of the Republic of
Croatia. With satellite measurements, it would be possible to map
BTD categories with UHI effect categories.

The BTD contains descriptions of land cover at any point on the
surface, thus determining areas with natural and built objects, and
also characterizes the way humans use or interact with the land. As
previously mentioned, anthropogenic influences have a primary
contribution to the formation of UHIs, so it is important to conclude
which anthropogenic elements and types of land use contribute
more to the increased heat risk than others.

Land cover and use according to the BTD include the following
categories:

=  Agricultural land

= Forestarea

= Tree

= Line of trees and hedge
=  Other natural areas

=  Economic area
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=  Public areas
= Special purpose areas
= land use.

As for aerial imagery, it is possible to use a digital surface model
created from the Multisensor Aerial Survey of the Republic of
Croatia, which resulted in LiDAR imagery.

By using an algorithm to calculate solar radiation, it is possible to
mathematically define the amount of radiation per unit area. One
possible tool is the Modelling solar radiation tool, which calculates
the sum of direct and diffuse radiation while considering terrain
topography, built-up areas, and the presence of certain elements
that affect the amount of radiation.

By overlaying the land cover and land use layers (BTD) with solar
radiation calculations and using GIS tools for spatial analysis, it is
possible to identify areas where the UHI effect is potentially possible.

This methodology, although it has some drawbacks such as a lower
possibility of updating data and a lower level of detail, is
recommended as a basic method due to the availability of data at
the level of the Republic of Croatia.
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Local climate zone

Representation of local temperature differences through local climate zones (Zgela et
al. 2024)



ADDITIONAL OPTIONS AND METHODS

If other data are available at the local self-government unit (LGU)
level, a more detailed identification process can be carried out.
Furthermore, it is also possible to use publicly available and
comparable data at EU level for those LGUs for which such data has
been created. One example is the 2021 Urban Atlas Land Cover/Land
Use, which operates as part of the Copernicus programme and was
created for six urban areas in Croatia. In case of Urban Atlas (UA) use,
surface temperature data should be linked to land use and land cover
data according to UA categories. For each defined category, it is
necessary to calculate the average temperature, and it is possible to
use reference temperature values for individual land types (LULC),
i.e. the results of the study by Ziberna and Ivanjsi¢ (2022) who
calculated the UHI effect for different LULC types in the city of
Maribor, presented below:

=  Complete urban areas: 4°C

= Industrial, commercial, public and military areas: 3.7°C
= Railways and associated areas: 3.3°C

= High-density unconnected urban areas: 3.1°C

= Other roads and associated areas: 2.2°C

= Medium-density unconnected urban areas: 2°C

=  Unusable land: 1.9°C

=  Construction sites:

=  Gravel areas: 1.2°C

= High-speed transit roads and associated areas: 1.2°C
= Sports and recreation areas: 1.2°C

= Green urban areas: 1.1°C

= Airports

=  Port areas

= Low-density unconnected urban areas: 0.6°C

= Arable land: 0.5°C

=  Orchards

= Permanent crops (vineyards, orchards): 0.5°C

= Very low-density unconnected urban areas: 0.4°C

= Open spaces with little or no vegetation (beaches, dunes, bare
rocks, glaciers)

=  Complex and mixed cultivation patterns

= Herbaceous plant communities (natural grasslands, wetlands...)

= Pastures: 0°C

= Free-standing buildings: -0.2°C

= Forestareas: -1.8°C

=  Wetland areas

=  Water surfaces: -2.6°C

The impact of UHIs exists at a specific location within urban areas if
the temperature difference between that location and the
temperature outside urban areas is greater than or equal to 2°C.
Accordingly, it is evident that the categories with the highest UHI
effect include complete urban areas, industrial, commercial, public
and military areas, high-density unconnected urban areas, railways
and associated areas, as well as roads and associated areas. On the
other hand, categories that actually have a mitigating effect on UHIs
include water surfaces, wetlands and forest areas.
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Other options depending on the availability of data for individual

LGUs:

Using microclimate models to simulate urban thermal
characteristics by considering factors such as construction,
green areas and urban matrix.

Remote sensing techniques that allow data retrieval at
different spatial and temporal resolutions and help to
establish a spatial patterns of surface UHIs. Such data is
available from various sources, for example from Landsat 8
and Sentinel 3 satellite imagery. Other data sources such as
MODIS (low spatial but high temporal resolution) and
ECOSTRESS (high spatial and temporal resolution) are also
available.

The in-situ method that includes data from official
meteorological stations or a network of temperature
sensors deployed throughout the city, as well as mobile
measurements, for example cars or bicycles to measure air
temperature at different locations in the city.
High-resolution data collection and analysis can provide
insights into the spatial distribution of surface temperature
throughout the LGU. It is important to emphasize that
surface temperature differs from air temperature measured
by meteorological stations. It is certainly necessary to carry
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out an analysis of the relationship between the measured
temperature (air temperature or surface temperature) and
land cover and land use. For this purpose, it is possible to use
local climate zones (LCZ). Given that the thermal
characteristics of individual parts of the city may differ due
to differences in their construction, a type of classification
has been designed that takes into account the local
characteristics of various parts of the city. LCZ are areas of
uniform land cover, urban structure, building materials and
similar human activities. Surface temperature data are
publicly available for the entire world and Croatia from the
1980s to today in high spatial resolution, allowing for the
determination of temporal-spatial heat changes of a
particular urban area. This data is accessible on the United
States Geological Service (USGS) website.

Thermographic imaging with infrared cameras to measure
temperatures locally.

Measurements with balloons or drones to determine the
temperature at different altitudes above urban areas.
Surveys and other forms of social research provide insight
into the impact that exposure of residents to the negative
effects of UHIs has on their behaviour, needs, mood and
quality of life.



GUIDELINES FOR MITIGATING
URBAN HEAT ISLANDS

In the context of the negative impact of the expansion of built-up
areas, such as increasing urban temperatures and more frequent and
prolonged heatwaves, it is essential to implement measures to
preserve the health of people living in cities, protect the
environment and reduce energy consumption, protect the
environment and preserve the health of people living in cities.

To develop high-quality, climate-neutral settlements and adapt to
climate change, spatial planning and construction should include:

= Ensuring safety against risks caused by adverse effects of
climate change (droughts, fires, floods, landslides).

= Ensuring water needs and sustainable management (water
retention measures, rainwater reuse, deregulation of
regulated watercourses, etc.).

= Ensuring green spaces with a variety of ecosystem services
(planning and development of high-quality, accessible,
interconnected green spaces and other nature-based
solutions, including elements of blue infrastructure).

= Cooling of settlements, urban spaces and buildings
(morphological design of built-up parts of settlements,
ventilation, built density, the ratio between built and unbuilt
spaces).

=  Circular management of space and buildings (impact on
reducing demand for new construction space).

= Elements of sustainable mobility (reduction in the share of
motorized traffic, multipurpose use of car parks and space,
efficient pedestrian and cycling infrastructure).

= Use of renewable energy sources and energy efficiency.

The following sections of the document include a proposal for
guidelines to mitigate the existing and preventing the emergence of
new UHIs, with a focus on green urban renewal measures, divided
into the following categories:

=  Green and Blue Infrastructure
= Urban Planning and Design
= Technological Measures.

Particular emphasis was placed on green urban renewal measures,
i.e. guidelines for the development and improvement of green and
blue infrastructure to be defined in the Green Urban Renewal
Strategies, as explained in the final chapter of the Handbook.
Furthermore, by entering spatial data on green and other open areas
in the construction areas of local self-government units into the
Green Infrastructure Registry, it is possible to identify areas where it
is necessary to develop and increase elements of green
infrastructure.
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GREEN AND BLUE INFRASTRUCTURE

The development of urban green infrastructure (UGI) can
partially mitigate the negative effects of UHIs by contributing to the
resilience of urban areas to climate change. The integration of UGls
into urban planning and legislation is key to achieving this goal.
Studies indicate that UGI can reduce urban temperatures by an
average of 1.07°C, and in some cases up to 2.9°C, emphasizing the
need for shading surfaces with tree canopies. The use of nature-
based solutions can also mitigate the UHIs, but requires standardized
methods to evaluate the effectiveness of the investment. It is also
important to take into account the role of soil and adapt mitigation
measures to the specific characteristics and purpose of individual
locations. A multidisciplinary approach is crucial for the successful
mitigation of UHIs and other related factors in urban spaces. Urban

blue infrastructure is a key element in mitigating the negative
effects of UHIs. Integrating blue infrastructure with urban green
infrastructure creates nature-based solutions that support the
complex relationships among environmental elements in urban
areas. Elements of blue infrastructure, such as natural water bodies,
wetlands, water transfer channels, rainwater management systems
and blue roofs, have proven effective in reducing UHI effects.
Through synergistic mechanisms, such as evaporative cooling and
thermal energy transfer, these elements contribute to the reduction
of local temperatures, creating urban areas that are comfortable for
residence and outdoor activities. Below are the general guidelines
for mitigating UHI effects according to specific categories of green
infrastructure typologies.

reef-and blue infrastructure, Munich, Germany; Photo source: authors of the document* &
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Urban forests, parks and gardens

Urban forests, parks and gardens, in addition to their ecological,
aesthetic and recreational functions, have a significant positive
impact on the processes of cooling urban spaces. Besides shading
surfaces, it is very important to highlight the water cycling processes
occurring in urban forests through soil water evaporation and plant
transpiration. Part of the thermal energy, which would otherwise
increase the temperature of the space, is thus lost by promoting
these evaporation processes, thereby directly reducing the negative
UHI effect at the city level.

General guidelines aimed at reducing UHI effects:

During spatial planning, alongside orographic elements, it is
recommended to utilize natural forested areas that can be
expanded with urban forests to create large, continuous
natural cooling corridors.

Special attention should be paid to the protection of habitats
where trees grow to avoid soil compaction due to the use of
space, which can negatively affect the health of trees and
other greenery, resulting in reduced shaded areas and lower
evapotranspiration rates.

Consider the possibilities of expanding the area under urban
forests and forming green belts around cities.

Enable spatial connection and intertwining within the urban
space with other measures to reduce negative effects.
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Urban forest; Munich, Germany; Photo source:

hérs of the document



Green traffic corridors

Given the large proportion of impermeable materials and heat
generated by motor vehicles, roads are often the hottest open areas
in cities, so it is necessary to implement temperature reduction
measures along roads and within the street network. Planting trees
along roads helps to reduce UHI effect by shading, i.e. lowering
surface temperatures and enhancing the environmental cooling
effect through evaporation and transpiration.

General guidelines aimed at reducing UHI effects:

Select and plant species resistant to temperature increases
along roads in order to enable better adaptation of urban
greenery to urban environmental conditions and to improve
the positive effects on reducing the negative UHI impacts.
Connect green streets with other UGI elements in order to
establish cooling and pedestrian corridors.

Plan and design green areas along roads simultaneously with
infrastructure planning to ensure favourable conditions.
Use methods that allow for unobstructed root development
and limit and prevent their negative interactions with
underground infrastructure in cases of limited space for root
development in the soil. Such methods ensure an adequate
volume of uncompacted soil that allows the development of
healthy and resilient trees, nearly unrestricted access to the
area with vehicles, greater tree resistance to wind throw,
temporary rainwater retention zones, etc.

5 e
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Squares

The lack of vegetation, that is, trees with canopies that provide shade
and the possibility of creating a pleasant microclimate, is a common
issue on the surfaces of squares in Croatia. This results in high
temperatures in the summer months, leading to the avoidance of
prolonged stays in squares and the use of such areas solely for
pedestrian movement. During periods of high temperatures, squares
are empty and underutilised, which contributes to the loss of the
square's social function.

General guidelines aimed at reducing UHI effects:

In order to create a pleasant microclimate, it is important to
implement greening projects for existing squares, especially
in areas where passers-by could linger for longer periods.
When designing new squares, spaces for tall greenery should
be planned for.

It is recommended to use deciduous species that create
shade in the summer months and allow sunlight to pass
through in the winter.

Technical possibilities for removing parts of the paving
should be considered, and in cases where this is not feasible,
solutions such as planting pits should be used.

In addition to using vegetation, it is possible to use other
elements of urban design such as shading structures,
materials with an impact on reducing UHI effects, artificial
water elements including those with drinking water, etc.
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Green constructive elements on buildings

Implementation of green roofs in building design involves covering
roof surfaces with greenery that absorbs solar radiation, reduces
heat penetration into buildings and, to some extent, lowers the
temperature of the immediate surroundings.

Integrating green facades involves covering vertical surfaces with
greenery that shades the surfaces, reduces the heat absorption of
buildings, improves air quality and mitigates UHI effects.

General guidelines aimed at reducing UHI effects:

Mandate the implementation of green roofs and facades on
new buildings in accordance with the building design
conditions outlined in spatial plans for areas where UHI
effects have been identified.

Conduct research on the technical possibilities for
developing green constructive elements on existing
buildings.

Introduce a programme to encourage the development of
green constructive elements on existing buildings.

Develop elements for temporary water retention on the roof
surface for the purpose of cooling through evaporation and
the transfer of part of the thermal energy.

Develop water elements on green roofs that provide
insulation and further contribute to reducing surface
temperatures.

w
Green constructive le,e_
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Integrated urban drainage systems

Rainwater treatment and drainage systems consist of infrastructure
built with the purpose of sustainable management of rainwater
runoff from impermeable surfaces (roads, roofs and car parks, etc.),
and it is recommended to use nature-based solutions. These systems
work to reduce the effects of UHIs in several ways:

By diverting heated water, they participate in the transfer of
thermal energy from built or paved surfaces to cooler soil,
gravel or vegetation-covered surfaces.

By stimulating infiltration and evapotranspiration, they
reflect part of the thermal energy.

Smaller components of green infrastructure within the
rainwater treatment system, such as rain gardens, enhance
cooling through evaporation and transpiration with respect
to the physiological activities of plant organisms.

General guidelines aimed at reducing UHI effects:

Integrate sustainable rainwater drainage systems in the
existing green belts of the street network.

Plan and develop sustainable rainwater drainage systems
when designing new roads.

Develop design elements for the collection, filtration, and
absorption of rainwater (e.g. rain gardens) for cooling
purposes, especially in areas with characteristic extremely
high temperatures occurring after heavy rainfall in the
summer months.

Select species adapted to specific conditions — species that
can simultaneously withstand both occasional water
saturation of the soil and periodic droughts.
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Watercourse, wetland, riparian zone and surface
inland waters

Natural (rivers, lakes, streams, wetlands) and artificially created
water bodies (artificial lakes, reservoirs, etc.) represent an important
part of blue infrastructure. They can be used for water storage, flood
control, recreational purposes, but also to mitigate UHI effects. In
the context of reducing UHI effects, water bodies are important
because:

They act as heat reservoirs — absorbing excess heat during
the day and slowly releasing it at night, thereby moderating
temperatures in the surrounding areas.

Evaporation of water vapour from water bodies allows
cooling in urban areas — part of the solar radiation is
reflected when it strikes water vapour molecules, further
reducing temperatures.

General guidelines aimed at reducing UHI effects:

Explore possibilities for the restoration of regulated river
watercourses.

Maintain existing and plant new vegetation along
watercourses.

Explore the possibility of revitalizing and shaping covered
streams by removing impervious materials (stream
daylighting).

Landscape watercourses as part of a network of cooling
corridors.

Design water elements with vegetation adapted to growing
in water-saturated habitats in existing public spaces.
Develop new public green areas with water elements and
hydrophilic vegetation.
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Selection of trees for urban areas

Given the projections of changing climatic conditions, especially
during the growing season of trees' aboveground parts, in the context
of selecting urban tree species, particular attention should be paid to
the selection of species planned for planting along streets and other
areas with a high proportion of impermeable surfaces. Such trees
must be specially adapted to growth in dry conditions and intense
solar radiation. Also, considering the heavy use of these areas,
selected species should be resistant to the negative impacts of
mechanical stress from wind impacts, which can be exacerbated by
the urban canyon effect. Acknowledging these characteristics will
require stepping beyond the domain of strictly native and naturalized
species and seeking suitable species from the environment. Given the
highly diverse microclimate conditions, significant complications can
arise if only a few species are selected, so the project of incorporating
greenery in urban areas should be multidisciplinary. This should
include landscape architects and involve experts in urban forestry and
arboriculture. When selecting climate-adapted and biomechanically
suitable new species, after researching potential invasiveness in the
new environment (for more information, see the EU list of invasive
species)! and compatibility with the existing living world in the
environment, and before mass planting, monitoring tests of the
suitability of species in the area should be conducted. Some of the
species to be considered include specially selected species for urban
habitats, e.g. UlImus ©resista 'New Horizon' and other resista elm
cultivars, as well as Alnus x sphaetii, Quercus texana '‘New Madrid',
Zelkova serrata 'Green Vase', Gleditsia triacanthos 'Skyline' and cvs.,
Acer rubrum cvs., Pyrus calleryana 'Aristocrat', Parotia persica,

1https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32022R1203
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Jacaranda mimosifolia, Nyssa sylvatica, Fagus orientalis 'lskander’,
Platanus orientalis 'Minaret', etc. Among native species, it is
recommended to consider using Acer campestre cvs., Acer
monspessulanum, Quercus frainetto, Celtis australis (warmer
continental part of Croatia), Cercis siliquastrum, Corylus colurna,
Fraxinus ornus, Vitex agnus-castus, Quercus coccifera, and similar.
Apart from the appropriate selection process, the implementation and
supervision of quality should be ensured during the execution of
works. The biggest challenge, besides the selection of species,
currently lies in the quality control of the supplied planting material
because planting inappropriately grown planting material significantly
undermines the positive effects of planting and reduces the efficiency
of tree interaction with the environment by reducing canopy shading.
This is mainly negatively affected by high mortality rates and
significantly prolonged adaptation periods of young trees to the new
habitat. Further negative impacts on reducing the effectiveness of
mitigating the negative UHI effects come from tree maintenance
through topping, i.e., removing all thinner branches with foliage. To
ensure the long-term protection of shaded areas, compensatory fees
should be introduced for excessive loss of shaded areas due to
aggressive and unprofessional tree maintenance practices like topping
(except in cases where such interventions are prescribed as one of the
remediation recommendations based on advanced biomechanical
diagnostic methods in tree control or as part of maintaining special
habitus forms of tree crowns).


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32022R1203

Solutions in cases of insufficient spatial capacity

Tree planting containers and urban planting pits are hybrid solutions
when combined with elements of grey infrastructure, which can be
of a permanent or temporary character.

By adequately integrating and investing in urban planting pits, it is
possible to significantly improve the conditions for the growth and
development of urban trees, thereby prolonging their useful life,
reducing tree maintenance and care costs and significantly reducing
water losses while maintaining normal physiological functions. It is
recommended to use them exclusively in places where planting in
ground is not possible due to existing underground infrastructure,
and the recommended minimum volume of containers is 1250 litres.

Due to the limited soil volume, it is advisable to select low-growing
tree cultivars with intensively maintained and shaped crowns, such
as umbrella-shaped, flattened, narrow columnar or a similarly
cultivated habitus form.

Due to their adaptability to space, these solutions can be used to
connect green infrastructure into continuous shaded areas, which
significantly enhances the ecological characteristics of the space.

Urban planting b'its;,s_ource: GreeanUe Ur‘
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Nature-based solutions

The use of nature-based solutions (NBS) has a positive impact on UHI
mitigation, but also on a number of other related factors, such as
biodiversity conservation, impact on the health of residents, energy
savings and many more. In addition, the interaction between the
environment and different types of NBS not only has a spatial
component but also a temporal one, adding to the complexity of
measuring and evaluating the effectiveness of investments in such
solutions. For this reason, future developments in NBS integration
should include the standardisation of robust methods for evaluating
investment efficiency. These methods should be capable of ranking
the efficiency of investments based on the specific local conditions
to make well-informed decisions.

When it comes to the effectiveness of mitigating the negative UHI
effects, it is essential to highlight the role of habitats, specifically
urban soil, as a crucial part of the NBS system. Habitat characteristics
can have a significant negative impact on water transpiration rates
through aboveground plant organs, which has a double negative
impact on both the UHIs and the survival and resilience of plants.
Although this impact is well-known, it is often ignored due to the
higher cost of establishing NBS using underground planting pits.
However, compensating by planting a larger number of the same
species will only worsen the situation in the long run by significantly
increasing maintenance costs and promoting competition for
underground and aboveground space, as well as biogenic elements
and available moisture among urban greenery elements. In other
words, along with the spatial component of canopy shading, it is
essential to focus on the temporal component of the long-term
development of shaded
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areas and the sustainability of urban green
development strategies.
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PLANNING AND DESIGNING SPACES

Planning spaces that positively impact the mitigation of UHIs
requires an integrated approach using different methods and
strategies to achieve thermal comfort and reduce the negative
effects of UHIs in urban areas.

The morphology and orientation of buildings play a key role in this
process. Properly designed and oriented buildings can encourage
natural airflow by creating corridors for the circulation of cooler air,
thus reducing the need for energy-intensive cooling systems.

As mentioned in previous chapters, open spaces such as parks, urban
forests and green roofs are also important because vegetation cools
the surroundings through shading and evaporation. Urban canyon
structure, street profiles, car parks and parking spaces can be
optimised with nature-based solutions to reduce surface
temperatures and improve thermal comfort. The use of special
materials and colours further contributes to mitigating UHIs by
reflecting heat and reducing absorption.

It is important to note that research has shown the effectiveness of
these measures can vary depending on local conditions and urban
characteristics of particular areas. Therefore, it is important to adapt
space planning to the specific needs and conditions of each city.
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Building morphology and orientation

The morphology and orientation of buildings are crucial for
mitigating the effects of UHIs, particularly through optimising their
layout and orientation to enhance natural airflow. It is of great
importance to ensure green corridors in cities. The morphology of
the city, including built density, building height and the Sky View
Factor (SVF), is key to mitigating UHI effects. High and low SVF values
combined with urban trees can help reduce the intensity of UHIs. The
orientation of buildings plays a key role in mitigating the effects of
UHIs by influencing airflow and reducing surface temperatures. The
effectiveness of specific mitigation strategies, such as green or cool
roofs, varies depending on local microclimate and urban geometry.

General guidelines aimed at reducing UHI effects:

=  Plan and design buildings according to dominant
wind directions in order to reduce the need for energy-
intensive cooling systems.

= Plan and design buildings in such a way as to create air
circulation corridors for the purpose of dispersing heat
“trapped” in the built environment.

= Enhance thermal comfort for pedestrians and cyclists on
paths and trails by shading and using light and permeable
materials.

= Use high-albedo materials (light colours and reflective
materials reflect sunlight and, consequently, heat to a higher
degree), especially for roofs. In the case of facades and
vertical surfaces, glare should be taken into account, so it is
advisable to use matte colours.

Use green facades and other strategies of insulation and
shading on the eastern, southern and western building
facades.

Construct new buildings at distances that allow for the
development of open green spaces with trees.
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Open spaces

Research has shown that shaping and enhancing street profiles, car
parks and parking spaces can play a significant role in mitigating the
effects of UHIs. Strategies to reduce temperature and heat
circulation lead to a decrease in surface temperatures and,
consequently, air temperatures, which contributes to the creation of
a more pleasant microclimate in public spaces.

General guidelines aimed at reducing UHI effects:

Explore the technical possibilities and utilise high-albedo
materials (light colours) and reflective surfaces in paving
street profiles and car parks.

Plant different types of trees, shrubs and perennials in order
to increase surface shading by tree canopies.

Implement more permeable surfaces (street floor surfaces,
but also surfaces within city blocks) in existing and newly
planned parts of the city.

Transform paved car parks by replacing asphalt with
permeable paving solutions such as grass pavers, concrete
pavers, sand and gravel surfaces with a large proportion of
vegetation, etc.

Employ urban equipment like canopies and pergolas for
shading purposes.
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Urban equipment and materials

Urban furniture, materials and colours play an important role in
reducing heat absorption and retention in urban environments and
mitigating the effects of the UHIs, offering various measures to
counteract its effects, which can be selectively implemented in
already built public spaces (e.g. urban equipment) or systematically
planned and prescribed in spatial plans (e.g. paving materials).

General guidelines aimed at reducing UHI effects:

Use structures and elements for shading spaces to provide
shelter from direct sunlight, reduce surface temperatures
and provide relief from overheating and heat stress.

Use urban seating equipment that includes materials with
high thermal conductivity or cooling mechanisms that
disperse the heat of the seating surfaces.

Use white and light materials with high albedo in areas
exposed to UHIs.

Design water elements in public spaces such as fountains,
lakes, drinking water sources, etc.

Use urban equipment from materials with lower thermal
conductivity (e.g. wood).
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TECHNOLOGICAL MEASURES

Photovoltaic systems

In the context of UHI effects, the use of photovoltaic systems serves
a dual purpose, as they can be implemented both as mitigation
measures for existing UHI effects and as preventive measures against
new ones.

General guidelines aimed at reducing UHI effects:

Install photovoltaic systems for the production of clean,
renewable energy, in order to reduce dependence on fossil
fuels and heat emissions generated by conventional energy
production systems.

Integrate photovoltaic systems into building design to
enable surface shading and reduction of solar thermal load,
thereby lowering temperatures inside buildings.

Use solar panels in public open spaces, such as public
transport stops or integrated into urban equipment (shading
structures, benches, etc.), which provides protection from
solar radiation to users while simultaneously generating
energy.

Photovoltdic:systems atcar park; pHoto by:kindle: Media{‘Pexels !
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Effective thermal insulation and cooling
technologies

Thermal insulation technologies reduce heat transfer between the
interior and the exterior of buildings, thus reducing the need for
heating and cooling. In urban settings, where buildings are densely
clustered, effective insulation is key to mitigating UHI effects.
Cooling technologies are aimed at reducing temperatures in the
urban environment. In the context of mitigating UHI effects, cooling
technologies play a crucial role in reducing heat absorption caused
by urbanisation and human activities.

General guidelines aimed at reducing UHI effects:

Implement energy renovation measures for buildings, given
that increasing the protection of the building envelope is one
of the energy efficiency measures.

Explore the technical possibilities of using innovative
insulation technologies, such as aerogels and vacuum
insulation panels that offer higher levels of thermal
resistance in thinner profiles, allowing for a more efficient
use of space.

Apply guidelines for constructing nearly zero-energy
buildings (e.g. designing and constructing buildings with
high-quality envelopes, adapting the building shape to the
climate context and surrounding environment and planning
the orientation of openings relative to the cardinal directions
and solar exposure).

Combine passive (using natural phenomena, such as wind
and thermal physical factors) and active (reliant on
mechanical or technological methods) cooling approaches.
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Solar ventilation systems

Solar ventilation systems use solar energy to power fans or
ventilation vents that circulate air and remove heat from buildings.
By harnessing renewable energy, these systems reduce dependence
on conventional energy sources and help mitigate UHI effects.
Additionally, these systems can contribute to overall city
sustainability by reducing carbon emissions and dependence on non-
renewable resources. In this way, they can improve air quality,
enhance living conditions and reduce the energy costs associated
with conventional cooling methods.

General guidelines aimed at reducing UHI effects:

= |ntegrate solar ventilation systems in cities where cooling
needs are high and sunlight is abundant.

=  Combine solar ventilation systems with other passive cooling
strategies, such as natural ventilation and space shading, to
maximise cooling efficiency.
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SUCCESS AND LONG-TERM
MONITORING

Climate change and the negative effects of UHIs pose a serious
challenge in the planning of urban spaces in terms of adaptation and
mitigation of negative factors. However, by using and developing
appropriate methods, tools and mitigation measures, living
conditions for urban populations can be significantly improved. With
the aim of long-term monitoring of the effectiveness of measures,
the Ministry of Physical Planning, Construction and State Assets,
along with its partners, has developed the Handbook on the
Application of Green Infrastructure and the Green Infrastructure
Registry.

The Handbook contains 22 categories of green infrastructure that
form the basis for creating the Green Infrastructure Registry and
long-term monitoring of the state of urban green infrastructure in
Croatian cities. Also, the typology of green infrastructure categories
was used in developing the methodology for identifying UHIs.

The Green Infrastructure Registry is a new module of the Physical
Planning Information System (PPIS) that will enable the entry,
maintenance, and analysis of data on green infrastructure for urban
areas in the Republic of Croatia, and the entry of spatial data from
the Green Urban Renewal Strategies. Therefore, it represents an
important step towards sustainable, efficient and resilient urban
planning.
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In order to mitigate the effects of UHIs, it is important to implement
measures in spatial planning and construction processes and to use
available instruments that enable a comprehensive mitigation
approach. When developing spatial plans (or their amendments), it
is necessary to adapt the purpose and use to the climate context and
to define measures for the most critical parts of the settlement, that
is, those where the presence of UHIs has been identified and
mapped. It is also important to take into account the spatial
characteristics that contribute to the creation of UHI effects when
planning new interventions and to strive to prevent them. This could
include:

. The morphology and orientation of individual buildings
and their mutual relationship for the purpose of forming
cooling corridors, which can be defined by the location
of the building, the construction of the building plot, the
coefficient of construction, the height and the number
of floors.

. More detailed prescribing of typology, proportions and
shape of buildings in the context of thermal protection
effectiveness.

. The use of materials of high energy efficiency, colours
and types of materials to reduce UHI effects, which can
be defined by the conditions for the design of the
building or by prescribing construction products and
their properties.

. Implementation of nature-based solutions (e.g. green
roofs and facades) in parts of settlements with higher
construction density by defining the conditions for the
design of buildings.

. Increasing the share of green areas and canopy coverage
by prescribing the conditions for the arrangement of
spatial interventions (defining the share of natural

terrain that can affect the creation of a pleasant
microclimate).

Development of diverse public green areas and their
interconnection into the green infrastructure system by
prescribing specific measures for areas with special
constraints.

Integrated consideration and implementation of UHI
mitigation measures in areas suitable for comprehensive
renovation by prescribing urban rehabilitation and
urban transformation measures.

Defining measures for the management of watercourses
and other water surfaces in the context of green
infrastructure.

Inclusion of international standards such as the “3-30-
300” rule, which involves having a view of three visible
trees from home, workplace or learning place, at least
30% of area shaded with tree canopy, and residence
within 300 metres of a large and well-planned public
green space.
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Green Urban Renewal Strategies (GURS)? are strategic bases of
significance for local self-government units, relating to the
achievement of goals in green infrastructure development,
integration of NBS solutions, improvement of circular management
of space and buildings, achievement of energy efficiency goals,
adaptation to climate change and strengthening resilience to risks.
Given the above, they represent an important tool for identifying
and defining UHI mitigation measures. In the new version of the
Guidelines for the Development of Green Urban Renewal Strategies,
it is proposed to include an additional chapter in the GURS focusing
on UHIs. In the aforementioned chapter of the GUR Strategy, it is
necessary to identify the most critical parts of cities and
municipalities, that is, those where the impact of UHIs is greatest,
and to define specific measures and projects for the development
and improvement of green and blue infrastructure. Analytical results
of UHI identification with graphical representations should be
included in the analytical part of the GUR Strategy, and based on the
results, measures and projects should be defined whose
implementation in spatial plans and direct implementation will
ensure favourable microclimatic conditions for residents and
visitors.

By developing the GUR Strategy and entering data on existing green
and other open areas into the new module of the Physical Planning
Information System, that is, the Green Infrastructure Registry,
decision-making on spatial planning aimed at strengthening
resilience to risks and adapting to the negative impacts of climate
change, such as UHIs, will be facilitated. Local self-government units
will be responsible for data entry into the Green Infrastructure
Registry, with data entry foreseen according to 22 typologies of

2 https://mpgi.gov.hr/graditeljstvo-98/obnova-od-potresa-privatnih-zgrada-i-kuca-
10668/financijska-sredstva-za-obnovu/nacionalni-plan-oporavka-i-otpornosti-inicijativa-
obnova-zgrada/izrada-strategija-zelene-urbane-obnove/14837
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planned open spaces, green and blue areas that make up green
infrastructure in built-up areas. In addition to spatial plans and GUR
Strategies, other available instruments and tools are important in
the context of mitigating the negative effects of UHIs and achieving
climate resilience in urban areas, such as:

] Demographic projections, forecasts and analyses (expert
studies)

] Modelling scenarios for predicting the effects of climate
change, tools for modelling overheating, noise and air
quality, etc.

Ll Instruments for public involvement and participatory

management of urban spaces (workshops, focus groups,
survey questionnaires and research)

Ll Economic instruments (co-financing projects through
programmes such as Competitiveness and Cohesion
2021-2027, National Recovery and Resilience Plan, etc.)

Ll Project management tools (coordination of multiple
projects and integrity of individual projects)
Ll Education, continuous professional development and

awareness-raising (for administrators, decision-makers
and the general public).


https://mpgi.gov.hr/graditeljstvo-98/obnova-od-potresa-privatnih-zgrada-i-kuca-10668/financijska-sredstva-za-obnovu/nacionalni-plan-oporavka-i-otpornosti-inicijativa-obnova-zgrada/izrada-strategija-zelene-urbane-obnove/14837
https://mpgi.gov.hr/graditeljstvo-98/obnova-od-potresa-privatnih-zgrada-i-kuca-10668/financijska-sredstva-za-obnovu/nacionalni-plan-oporavka-i-otpornosti-inicijativa-obnova-zgrada/izrada-strategija-zelene-urbane-obnove/14837
https://mpgi.gov.hr/graditeljstvo-98/obnova-od-potresa-privatnih-zgrada-i-kuca-10668/financijska-sredstva-za-obnovu/nacionalni-plan-oporavka-i-otpornosti-inicijativa-obnova-zgrada/izrada-strategija-zelene-urbane-obnove/14837

CONCLUDING REMARKS

Global processes of increasing environmental temperatures are one
of the important factors driving the adaptation processes of all living
beings. Urban spaces are created by human modifications of the
environment and, in the context of warming, they are characterized,
among other things, by the negative effects of Urban Heat Islands
(UHIs). The negative effect of UHIs is intensified by the expansion of
urban spaces and the increase in the density of built structures with
impermeable surfaces, leading to higher temperatures of the urban
environment. Therefore, it is recommended to initiate adjustments
in urban spaces to foster a stimulating and healthy urban
environment.

Effective mitigation of the negative consequences of UHIs relies on:
1. identifying and evaluating UHI intensity and considering the wider
context of the area (spatial, climatic, socio-economic, etc.)

2. determining priority areas for UHI mitigation by defining measures
in GUR strategies, their implementation through spatial plans and
utilising information from available tools, primarily the Green
Infrastructure Registry, etc.

3. evaluating the effects of implemented measures and solutions.

3 https://mpgi.gov.hr/eu-sufinanciranja/10524

With the aim of successfully mitigating the negative consequences
of the UHIs, the Ministry of Physical Planning, Construction and State
Assets constantly carries out activities to support local self-
government units in the preparation and implementation of specific
solutions. Therefore, it is recommended to monitor the planned
activities, calls and support on the Ministry's website® with the aim
of successful implementation of effective solutions.

It is important to emphasize that this Handbook offers a set of
measures that are currently considered as examples of good
practices for mitigating UHI effects. However, it is recommended to
stay updated with professional research and method development,
adapting decision-making and solutions to new findings, all with the
aim of maintaining high efficiency in mitigating the negative effects
of UHIs.

HANDBOOK ON MITIGATING URBAN HEAT ISLANDS | 43


https://mpgi.gov.hr/eu-sufinanciranja/10524

BASIC CONCEPTS FOR UNDERSTANDING
THE URBAN HEAT ISLAND

Albedo — The reflection of light from a surface. It is measured on a
scale from 0, representing a black body that absorbs all incident
radiation (heat), to 1, representing a body that reflects all incident
radiation.

Atmospheric Urban Heat Island — The temperature differences in
the atmospheric layer above an urban area compared to the
surrounding rural areas.

Evaporation — The process occurs when a liquid on the surface turns
into a gas or vapor.
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Evapotranspiration — The loss of water from the Earth's surface
through the evaporation of moist surfaces and transpiration through
plant pores.

Surface Urban Heat Island — The temperature differences at the
interface of the outdoor atmosphere with the solid materials of the
city and the equivalent rural air to ground interface.

Level of Global Warming — The extent of global temperature
increase by the end of the 21st century.



The Green Infrastructure Registry— A new module of the Physical
Planning Information System (PPIS) that will enable the entry,
maintenance, and analysis of data on green infrastructure for urban
areas in the Republic of Croatia, and the entry of spatial data from
the Green Urban Renewal Strategies.

Soil surface temperature - The temperature of the ground in direct
contact with the atmosphere. This refers to the temperature
measured on the surface of the soil or land, not the air above it.

Transpiration — Excretion of water from a plant in the form of water
vapour on surfaces bordering the atmosphere, by which plants
significantly contribute to the circulation of water in the global
ecological system. The larger the transpiration surface and the lower
the atmospheric water vapour saturation, the greater the potential
transpiration.

Land use / land cover — Different categories used to classify and
describe the ways in which land is used and the physical covers
present on the Earth's surface. Common LULC types include urban
areas, forests, agricultural land, water bodies, etc.

Urban Heat Island (UHI) — An urbanized area that is significantly
warmer than its rural surroundings due to built infrastructure and
anthropogenic activities.

Water balance - Water balance is an accounting of the inputs and
outputs of water. The water balance of an area can be determined
by calculating the input, output, and storage changes of water at the
Earth's surface. The major input of water is from precipitation and
output is evapotranspiration.
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