
CHAPTER EIGHT

From urban meteorological 
networks to adaptation in 
Amsterdam, Ghent, and 
Novi Sad
Dragan Milosevic1,2, Gert-Jan Steeneveld1, Stevan Savic3,4, and  
Steven Caluwaerts5,6
1Meteorology and Air Quality Section, Wageningen University & Research, Wageningen, The Netherlands, 
2Hydrology and Environmental Hydraulics Section, Wageningen University & Research, Wageningen, The 
Netherlands, 
3Faculty of Sciences, University of Novi Sad, Novi Sad, Serbia, 
4Faculty of Natural Sciences and Mathematics, University of Banja Luka, Banja Luka, Bosnia and 
Herzegovina, 
5Royal Meteorological Institute of Belgium, Brussels, Belgium, 
6Department of Physics and Astronomy, Ghent University, Ghent, Belgium

Acronyms
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NSUNET Novi Sad Urban Network
Ta Air Temperature
UHI Urban Heat Island

8.1 Introduction

Urban areas face significant challenges from the urban heat island (UHI) 
phenomenon and climate change effects, where cities become warmer than 
rural areas due to modified surfaces, reduced vegetation, human activities, and 
urban geometry. This intensifies global warming, increases health risks, energy 
consumption, and economic costs, and heightens urban ecosystem vulner
ability. Recent studies underscore the complex nature of UHIs influenced 
by urbanization, socioeconomic factors, and local climate conditions across 
diverse regions. Adaptation strategies focus on enhancing greenery, using 
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reflective materials, and improving urban planning. This chapter compares 
Amsterdam (the Netherlands), Ghent (Belgium), and Novi Sad (Serbia) by 
utilizing urban meteorological networks (UMNs) to gather air temperature 
data and then analyze the UHI effects. Methodologies include calculating 
hourly UHI intensity, classifying stations into local climate zones (LCZs), and 
employing urban climate measurements and models.

This chapter also examines the impact of urban heat on public health 
and the environment and presents the practical applications of collected 
data. Adaptation strategies include increasing green and blue infrastructure 
and urban form modifications. Amsterdam, Ghent, and Novi Sad have 
implemented green roofs, facade gardens, and reduced pavements to create 
more resilient environments, as bases for stakeholder collaboration and a 
climate-friendly urban planning.

Climate change represents a critical global challenge, with urban areas at 
the epicenter of experiencing its impacts, notably through the phenom
enon of the urban heat island (UHI). The UHI phenomenon shows that 
urban areas are significantly warmer than their rural counterparts due to 
factors like modified surface characteristics (e.g., heat-retaining properties 
of concrete and asphalt), reduced vegetation and the loss of natural land 
cover, human activities and increased heat emission from buildings and 
vehicles, and urban geometry (Oke et al., 2017). Thus urban heat not only 
exacerbates the global warming effect but also poses significant health risks, 
increases energy consumption and economic costs, and contributes to the 
overall vulnerability of urban ecosystems. The escalation of average 
temperatures, a direct consequence of anthropogenic climate change and 
urbanization, underscores the urgency to understand and mitigate urban 
heat to safeguard public health, enhance ecological resilience, and ensure 
sustainable urban development.

Recent research on UHIs underscores the multifaceted nature of the 
UHI, influenced by urbanization patterns, socioeconomic factors, and local 
climate conditions. In China, influences of urban spatial form (Guo et al., 
2020) and socioeconomic drivers of UHI were elaborated (Li et al., 2020), 
showing an annual mean UHI intensity obviously raised with 1.5°C per 
century and that approximately 10%–20% of the variability of UHI can be 
explained by socioeconomic factors. In Europe, studies show that urban 
green infrastructure is able to cool European cities by 1.1°C on average, 
and up to 2.9°C, but a tree cover of at least 16% is required in order to 
achieve a 1°C drop in urban temperatures (Marando et al., 2022). Research 
in US cities highlights that the average person of color lives in a census tract 
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with higher surface UHI intensity than non-Hispanic whites in all but 6 of 
the 175 largest urbanized areas in the continental United States (Hsu et al., 
2021). Studies in Australian cities show how well-irrigated vegetation 
provided effective cooling (2.0°C–8.0°C) at all times of the day due to 
increased evapotranspiration (Bartesaghi-Koc et al., 2020). In Africa, 
studies assessed the role of blue-green infrastructure in the urban thermal 
environment across seasons and LCZs, showing that dense trees play the 
most important role in urban cooling, supported by −1.4°C surface UHI 
intensity in the dry season and −1.2°C surface UHI intensity in the rainy 
season; water also plays a critical cooling role with −1.4°C in the dry season 
and −0.9°C in the rainy season in Kampala, Uganda (Li et al., 2022).

Proposed urban heat adaptation strategies focus on increasing urban 
greenery and improving urban planning to create more sustainable and 
resilient cities (Milošević et al., 2017). In response to heat-related 
adaptation challenges, cities have developed urban meteorological net
works (UMNs) to gather detailed spatial and temporal data on air 
temperature (Ta). These networks are crucial for understanding urban 
heat dynamics and formulating strategies to mitigate the UHI effect. Each 
network consists of a structured array of individual sensors that collect 
measurements indicative of either the microclimate (microscale), local 
climate (neighborhood/local scale), or regional climate, based on the 
network’s goals. The atmospheric processes intended for observation, along 
with the area’s size and morphology, influence the network’s physical 
configuration. This includes the spacing between sensors, sensor heights, 
and the exact sensor locations, thereby determining the network scale 
(Muller et al., 2013).

This chapter aims to dissect the nuances of urban heat by focusing on a 
comparative analysis across European cities with different sizes and urban 
structures: Amsterdam in the Netherlands, Ghent in Belgium, and Novi 
Sad in Serbia. Each city has a dedicated UMN, and each city has 
witnessed significant temperature increases over the last few decades, 
particularly in urban settings, making them pivotal case studies for 
understanding the multifaceted nature of urban heat in the context of 
global climate change. By analyzing these cities, this chapter aims to 
comprehensively understand urban heat’s challenges and opportunities 
within the broader context of climate change. Through this exploration, 
readers will gain insights into the importance of urban climate research, 
measurement campaigns, and the critical role of UMNs in understanding 
and mitigating the UHI effect.
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8.2 Methodology, databases, and tools

Detailed spatial and temporal data on Ta must be obtained to 
access UHI comprehensively. For these purposes, Amsterdam, Ghent, 
and Novi Sad have developed UMNs that collect Ta data across diverse 
urban and nonurban areas. Images of the meteorological stations in each 
city are shown in Fig. 8.1, while basic information about the UMNs is 
provided in Table 8.1.

Amsterdam has approximately 1 million inhabitants in the metropo
litan region. It has a flat topography, a Cfb climate in the Köppen-Geiger 
climate classification system, with a mean annual Ta of 10.7°C and mean 
annual precipitation of 850 mm. The city has had 24 weather stations as 
part of the Amsterdam Atmospheric Monitoring Supersite (AAMS) 
network since 2014 (Fig. 8.2). AAMS monitors Ta, relative humidity, 
and wind parameters such as speed, direction, and gusts. The data is 
averaged every 5 minutes. An additional flux site was introduced in 2017 to 
measure the solar radiation, thermal radiation, evapotranspiration, and CO2 

fluxes. This data is available at a 30-minute resolution (Keuken, 2022). 
Stations were categorized into LCZs (Stewart & Oke, 2012) to compare Ta 

values between AAMS stations (Fig. 8.2). The LCZ classification system 
offers a research framework for studying UHIs and standardizes the global 
exchange of urban temperature data. LCZs are formally defined as areas 
with uniform surface cover, structure, material, and human activity, 

Figure 8.1 Meteorological stations in (A) Amsterdam, (B) Ghent, and (C) Novi Sad.
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extending from hundreds of meters to several kilometers horizontally. Each 
LCZ exhibits a characteristic screen height temperature pattern, most 
noticeable over dry surfaces during calm, clear nights and in areas with 
simple topography. These temperature patterns are consistent throughout 
the year and are linked to the homogeneous environments or ecosystems of 
cities (such as parks and commercial cores), natural biomes (such as forests 
and deserts), and agricultural lands (such as orchards and cropped fields) 
(Stewart & Oke, 2012). The LCZ Generator (Demuzere et al., 2021) was 
used to create an LCZ map for Amsterdam (Fig. 8.2). Amsterdam mainly 
contains LCZ2 (compact midrise with limited vegetation), LCZ5 (open 
midrise with vegetation), and LCZ6 (open low-rise with vegetation). The 
city center mainly contains LCZ2 (11 stations), while the surrounding 
neighborhoods are dominated by LCZ5 (6 stations) or LCZ6 (5 stations). 
Only one station is classified as LCZ4, which is an open arrangement of 
high-rise buildings (10 or more stories) (Keuken, 2022).

Ghent, a mid-sized European city in the north of Belgium, is home to 
nearly 270,000 inhabitants within the city borders and well over half a 
million in the agglomeration. The region experiences a mild maritime 
climate, with average minimum and maximum temperatures of 1.2°C and 

Table 8.1 Urban meteorological networks in analyzed cities. 
City/details Amsterdam Ghent Novi Sad

Urban 
climate 
network

AAMS MOCCA NSUNET

No. of 
stations

24 6 27

Operational 
period

2014–ongoing 2016–ongoing 2014–2017

Measured 
parameters

Ta, RH, v Ta, P, RH, v Ta, RH

References Ronda 
et al. (2017)

Caluwaerts 
et al. (2020)

Šećerov et al. (2019)

Website https://maq- 
observations. 
nl/amsterdam/

https:// 
observatory. 
ugent.be/index_ 
eng.html

https://zenodo.org/search?q= 
NSUNET&l=list&p=1&s= 
10&sort=bestmatch

Ta, air temperature; RH, relative humidity; v, wind speed; P, precipitation; AAMS, Amsterdam 
Atmospheric Monitoring Supersite; MOCCA, Monitoring the City’s Climate and Atmosphere, 
NSUNET, Novi Sad Urban Network.
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6.7°C in January and 13.4°C and 23.4°C in July. Several measurement 
initiatives have been implemented in the city recently, with the MOCCA 
(MOnitoring the City’s Climate and Atmosphere) network now serving as 
the operational backbone. Comprising six high-accuracy weather stations, 
this network records actively ventilated temperature, precipitation, relative 
humidity, and wind. The selection of MOCCA’s diverse urban locations, 
including the city center, port, and urban park, was informed by urban 

Figure 8.2 The location of studied European cities is shown on an LCZ map of Europe; 
LCZ maps and station locations in the studies cities is also provided. LCZ map of 
Europe is obtained from Demuzere et al. (2019a, 2019b). Map lines delineate study 
areas and do not necessarily depict accepted national boundaries. LCZs, Local climate 
zones. LCZ map of Europe is obtained from Demuzere, M., Bechtel, B., Middel, A., & 
Mills, G. (2019a). Mapping Europe into local climate zones. PLoS One, 14(4), e0214474. 
https://doi.org/10.1371/journal.pone.0214474; Demuzere, M., Bechtel, B., Middel, A., & 
Mills, G. (2019b). European LCZ map. Figshare. Dataset. https://doi.org/10.6084/m9. 
figshare.13322450.
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climate simulations (Caluwaerts et al., 2020). Initiated in 2016, these 
ongoing measurements aim to establish a long-term dataset for the city. 
Ghent consists of nine different LCZs; five built and four natural zones can 
be distinguished (Fig. 8.2). Provinciehuis and Sint-Bavo locations in the 
city’s core are mainly covered by compact midrise and compact low-rise 
zones (LCZ2 and LCZ3), which are densely built and populated. Some 
parks can be recognized in the city center; Station Plantentuin is located in 
one of them. The outskirts of the city, dominated by suburban neighbor
hoods, consist of open, low-rise, and sparsely built zones (LCZ6 and 
LCZ9). The suburban Wondelgem location is mainly characterized by an 
open, low-rise built environment (LCZ6). The port region, north of the 
city center, is a large industrial zone mapped as a large low-rise (LCZ8) and 
is represented in the network by location Honda. Outside of the built-up 
area, the rural areas are dominated by low plants (LCZD), explaining the 
Melle location’s choice as a rural reference (Caluwaerts et al., 2020).

Novi Sad is the second largest city in Serbia with a population of 
330,000 people (400,000 people in agglomeration), located in Southeast 
Europe with relatively gentle relief (absolute elevation from 72 m to 
200 m). Novi Sad has a Cfa climate according to the Köppen-Geiger 
climate classification system. In Novi Sad, the mean annual Ta was 11.4°C; 
the hottest month was July, with a monthly average of 21.8°C, and the 
coldest month was January, with a monthly average of -0.2°C. The first 
measurement campaign in Novi Sad was started in 2014 by deploying the 
“Novi Sad Urban Network” (NSUNET) network containing 27 remote 
stations equipped with Ta and RH sensors and one automatic weather 
station used solely for solar radiation and wind measurement. Based on this 
science-to-citizens action, the NSUNET provided meteorological datasets 
from 2014 to 2017 on a 10-minute measurement frequency and using the 
UTC time (Šećerov et al., 2019). The arrangement of measuring stations 
was defined based on the surface ratio of each LCZ (Fig. 8.2); that is, the 
number of stations in each LCZ is proportionally distributed according to 
the size of that zone. In this way, within the urban zone of Novi Sad, all 
different built-up types are covered with measuring stations (Fig. 8.2). 
Finally, the NSUNET provided more detailed urban-rural climate assess
ments and further intra- and interurban analysis. Since 2020, temporary 
mobile measurement campaigns have been conducted in Novi Sad, using 
the “heat stress tracker” (Kestrel instruments) equipped with black globe 
temperature sensors and other standard sensors (Milošević et al., 2022). 
These mobile campaigns were performed from one day to a few 
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consecutive days during extremely hot or heat wave periods. The goals of 
these campaigns were to detect urban “hot spots” and thermally dis
comfortable areas that are potentially a health threat for citizens and to 
contribute to the development of climate-sensitive urban designs.

8.3 Urban heat islands across cities

Understanding the UHI effect in Amsterdam is critical for developing 
strategies to mitigate its impact on the city’s climate, public health, and overall 
quality of life. This section focuses on the methodologies employed to measure 
and analyze the UHI in Amsterdam, utilizing data from the AAMS and 
comparing it with the data provided by the rural Amsterdam Airport station. 
Through a detailed examination of temperature differences, evening and 
nighttime intensities of UHI, and the variation across different LCZs, this 
analysis offers valuable insights into the dynamics of urban heat in Amsterdam.

To obtain information about urban heat in Amsterdam, the hourly UHI 
intensity for Amsterdam was calculated as the difference between an AAMS 
station and Schiphol airport station data for the period 2014–2022. The 
stations were grouped per LCZ classes. The UHI intensity exhibited its 
greatest intensity during the evening/night hours (approximately 19–6 hours 
UTC). It showed a negative trend during the morning (referred to as the 
urban cool island effect). The average daily maximum UHI (UHImax) across 
all stations reached 3.0°C, indicating an average warming up to 3°C in 
Amsterdam compared to Schiphol during nighttime. On more extreme 
nights (i.e., 95th percentile), this is even 5.1°C. UHImax values were lowest 
in winter (2.2°C) and peaked from spring (2.9°C) to summer (3.1°C) and 
autumn (3.1°C). Notably, LCZ2 stations displayed the most pronounced 
UHI, being +0.5°C and +1.0°C higher than LCZ5 and LCZ6, respectively. 
The UHImax differs considerably between stations, with the annual average 
ranging from 2.0°C to 3.5°C. Generally, the UHImax is larger in the city 
center than in the surrounding areas (Keuken, 2022).

In addition to the UHImax, the average UHI is obtained for the summer 
of 2019 as a difference between the station in LCZ2 and the Schiphol 
station (Fig. 8.3). We find that the UHI lasts for 19 hours between 12 h and 
06 h with an average intensity of 1.0°C and a maximum intensity of 2.4°C 
(at 21 h and 01 h). The city is slightly cooler than the reference station at 
Schiphol airport between 7 h and 11 h in the morning hours, with UCI 
ranging between −0.1°C and −0.7°C (Table 8.2).
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Figure 8.3 Average hourly summer UHI in Amsterdam, Ghent, and Novi Sad. Note: 
Amsterdam UHI is obtained for the summer of 2019 as a Ta difference between station 
in LCZ2 and Schiphol station; Ghent UHI is obtained for the summer of 2017 as a Ta 

difference between station in LCZ2 and LCZD; Novi Sad UHI is obtained for the 
summer of 2014–2017 as a Ta difference between station in LCZ2 and LCZA. LCZs, 
Local climate zones; UHI, urban heat island.



The MOCCA network has provided valuable insights into Ghent’s 
UHI characteristics. Fig. 8.3 illustrates the summer-averaged daily cycle of 
the UHI intensity, defined as the temperature difference between the 
station located in LCZ2 and Melle station (LCZD). Consistent with 
observations in cities experiencing similar climatic conditions, a discernible 
UHI effect is evident throughout the summer. Notably, the average UHI is 
most pronounced during the evening and morning (19–4 h), with 
temperature differences between the city center and rural surroundings 
peaking at 2.1°C at 22 h. The average UHI intensity in summer is 1°C, 
while the minimum UHI intensity (< 0.5°C) is noticed in the early 
morning and afternoon hours (Fig. 8.3).

Daytime temperature differences are generally limited and are primarily 
associated with microscale environmental factors (e.g., shading from 
buildings) around the weather station. Consequently, a nuanced under
standing of the measurement site is imperative to elucidate subtle daytime 
air temperature variations. On the other hand, nighttime temperature 
differences can be attributed to the impervious fraction on the local scale, 
characterized by a radius of approximately 500 m, as identified by 
Caluwaerts et al. (2020). The influence of urban green is conspicuously 
illustrated by measurements at the Plantentuin station located in an urban 
park, where dense vegetation contributes to an average daytime cooling 
concerning the rural reference of about 0.5°C in summer (not shown 
here), thus confirming the cooling impact of green surfaces during daytime.

Based on more detailed spatial and temporal monitoring in the urban 
area of Novi Sad, the highest Ta differences between the most built-up and 
nonurbanized areas (forest) are during the summer and could be more than 

Table 8.2 Average hourly UHI (°C) intensities for the summer period (JJA) in 
Amsterdam, Ghent, and Novi Sad. 
City/Summer UHI Minimum Maximum Average Maximum hourly UHI  

during heat wave

Amsterdam −0.7°C 2.4°C 1.0°C 6.0°C
Ghent 0.1°C 2.1°C 1.0°C 8.7°C
Novi Sad 0.0°C 3.9°C 2.0°C 8.0°C

Notes: Amsterdam UHI is obtained for the summer of 2019 as average hourly Ta differences between 
station in LCZ2 and Amsterdam Airport station; Ghent UHI is obtained for the summer of 2017 as 
average hourly Ta differences between station in LCZ2 and LCZD; and Novi Sad UHI is obtained for 
the summers of 2014–2017 as average hourly Ta differences between station in LCZ2 and LCZA. 
LCZs, Local climate zones; UHI, urban heat island.
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7°C (Lelovics et al., 2016). The noticeable differences are during night
time, and Ta differences constantly increase from sunset until 7–9 hours. 
During the daytime, particularly from 8 to 16 UTC, the differences are 
smaller (around 1°C), or in some cases, the higher temperatures are outside 
of the city. The reason for this situation is the orientation of the street (east- 
west) and multistory buildings that create shadows on the street (urban 
canyon) during the daytime. Also, based on the same 3-year monitoring 
period of Ta in Novi Sad, there are almost 10 times higher occurrences of 
tropical nights (Tmin > 20°C) in the most urbanized areas (such as LCZ2 
or 8). It lasts 35–39 days, compared to only four tropical nights in a forest 
area (LCZA). On the other hand, when we look at summer days or tropical 
days when Tmax plays a vital role and occurs mainly during the daytime, the 
differences between urban and rural areas and interurban differences are 
negligible.

It is more interesting to look at only urban heat during the summer 
season in Novi Sad (Fig. 8.3, Table 8.2). The summer UHI is obtained for 
2014–2017 as a difference between station in LCZ2 and LCZA (dense 
forest outside the city). It can be seen that the UHI is present throughout 
the day with an average intensity of 2.0°C (Table 8.2) and a maximum 
intensity of 3.9°C (at 19 h) (Fig. 8.3). The UHI intensity in Novi Sad is 
substantially higher than in Amsterdam and Ghent because the reference 
(nonurban) location for Novi Sad is located in a forest area outside the city, 
thus indicating the ability of forests and dense trees to mitigate the heat 
during summer.

Finally, the maximum hourly UHI intensity reached 6°C in Amsterdam 
(Keuken, 2022), 8°C in Novi Sad (Milošević et al., 2021), and 8.7°C in 
Ghent (Top et al., 2020) during extremely hot days and heat wave periods 
in the analyzed cities, as shown in Table 8.2. This shows that UHI intensity 
can reach high values during clear, calm, and hot periods in summer, which 
impacts human health and well-being in analyzed cities.

8.4 Adaptation strategies, practical applications, and 
takeaways

Comprehensive data on urban heat obtained from UMNs can be 
used to guide the adaptation strategies and practical applications in the cities 
of Amsterdam, Ghent, and Novi Sad. Still, also the best practices can be 
used to guide urban heat adaptation in other cities with similar climate 
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conditions. Implementing these strategies requires coordinating policy 
changes, community engagement, and stakeholder collaboration. By 
prioritizing green and blue infrastructure and urban form modifications, 
the cities can effectively adapt to urban heat challenges and enhance the 
resilience of their urban environment.

Studies have shown that larger water bodies can lower the average 
afternoon near-surface air temperature by 7°C in Amsterdam compared to 
built-up areas during summer. In comparison, smaller water bodies have a 
less drastic effect on Ta. Additionally, urban winds can considerably cool 
the urban environment when they bring in the cool air. Low UHI values 
were also registered for city parks, and, to a smaller extent, the urbanized 
neighborhoods had a relatively low impervious fraction in Amsterdam 
(Ronda et al., 2017). Another way to obtain detailed data on urban heat is 
by applying the urban crowdsourced observations with fine-scale mod
eling. A study by De Vos et al. (2020) showed that the urban crowdsourced 
observations are suitable for monitoring the UHI phenomenon and can 
provide information in timescales and areas that cannot be achieved with 
traditional sensing techniques. All this data can have multiple applications, 
such as (1) urban climate research, (2) model calibration/validation, 
(3) model input, (4) policymaking, (5) monitoring, and (6) communication 
(Keuken, 2022).

Figure 8.4 Perceived temperature heat map for the Netherlands projected for 2050. 
Map lines delineate study areas and do not necessarily depict accepted national 
boundaries. Reproduced with permission from Klimaateffectatlas (2024).
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One practical example of using the urban climate data is creating a map 
(not shown here) that shows where to “find your cool” spot during heat 
waves in Amsterdam. The map also indicates where it has been relatively 
quiet or busy (in terms of crowds) in recent weeks. This way you can find a 
cool(er) and quiet place in the city. There is also an efficient heat map 
(Fig. 8.4) on the historical and future heat stress occurrence in the 
Netherlands. The heat map is based on the perceived temperature and 
shows the temperature perceived at any location in the Netherlands during 
an extremely hot summer afternoon. The map shows where it feels 
relatively warmer and which locations in the city feel the least comfortable 
under those conditions. The results pertain to the temperature perceived 
outside, that is, not the indoor temperature in buildings. The map presents 
the average perceived temperature in °C for the period of 12:00–18:00 
local time on a hot summer day. This temperature is also referred to as the 
physiological equivalent temperature.

The research on urban heat has expanded to indoors in Amsterdam as 
the temperature sensors have been installed in the living rooms and 
bedrooms of 100 Amsterdam homes (Peerlings et al., 2024). In this way, 
Amsterdam residents actively participate in scientific research and raise 
awareness on urban heat and climate change through the I-change project. 
Furthermore, to tackle heat stress, Amsterdam has realized no less than 
10,000 m2 of smart blue-green roofs between 2018 and 2022 through the 
RESILIO (Resilience nEtwork of Smart Innovative cLImate-adapative 
rOoftops) project (Fig. 8.5), thus taking advantage of the unused space on 
the rooftops. To make the cities and living environment more resilient 
against the challenges of urbanization and climate change, citizens of 

Figure 8.5 Blue-green roofs installed in Amsterdam through Resilio project. 
Reproduced with permission from https://resilio.amsterdam/en/realized-roofs/#.
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Amsterdam can scan their roofs and find out if it is suitable for 
implementing the smart blue-green technology.

Several studies have utilized the collected urban climate data for Ghent 
to investigate various urban challenges. For instance, Top et al. (2020)
revealed notable urban-rural and intra-urban variations in thermal comfort 
in Ghent. They pointed out that shading emerged as the critical factor 
during the day, contributing to high levels of heat stress in open, rural 
measurement locations. In contrast, the UHI phenomenon manifested in 
elevated nocturnal heat stress levels in the city center. Overall, the urban 
park was the most comfortable during the heat wave.

Furthermore, Ghent’s climate measurements have served as valuable 
data for evaluating the performance of urban climate models. These 
models, crucial for assessing the UHI over the entire regions rather than 
at specific weather stations, play a vital role in gauging the impact of 
climate change on cities and evaluating the effectiveness of urban planning 
measures in mitigating heat stress. Caluwaerts et al. (2020) compared two 
urban climate modeling approaches over Ghent using observational data for 
a summer season. While both model experiments effectively replicated 
nocturnal UHI intensities, they could not capture subtle intra-urban 
temperature differences related to the microscale environment. For 
example, the observed daytime cooling of the urban park was not 
reproduced due to its size being too small to be resolved by the land 
information used in the model experiments, highlighting the critical 
importance of accurate land information.

As the City of Ghent realized the adverse impacts of urban heat, the city 
and its residents decided to confront the heat and create a more 
comfortable outdoor environment. For instance, local residents can relax 
in five large green areas located just a short distance from the city center. 
Each of these green spaces covers at least 200 hectares, providing all 
residents of Ghent with accessible locations within cycling distance for 
cooling down, playing, exercising, picnicking, hiking, and enjoying the 
outdoors (Fig. 8.6A). Additionally, Ghent boasts numerous facade gardens, 
which contribute to cooling the city (Fig. 8.6B). Between 2014 and 2021, 
4402 facade gardens were established in Ghent, along with the planting of 
12 green garlands in 2020. Creating a facade garden does not require a 
permit, just a simple notification. The city also promotes a “less pavement, 
more green verges” policy, converting pavements into green verges during 
redevelopment projects whenever possible, as plants help cool the city 

178                                                                                               D. Milosevic et al. 



(Fig. 8.6C). These initiatives are part of a broader effort to enhance the 
city’s green infrastructure.

Ghent has established eight green climate axes (Fig. 8.6D) that create a 
permanent connection between the city center and the surrounding rural 
areas. These axes facilitate the flow of cool air into the city’s core and help 
retain rainwater. The axes along watercourses are easily recognizable, while 
others are enhanced by tree planting and creating spaces for water. The city 
has also reduced the number of parked cars and developed a comprehensive 
cycling and walking network. Additionally, these axes play a crucial role in 
connecting natural habitats for plants and animals. Ghent invests in green 
spaces close to residents' homes, known as neighborhood parks (Fig. 8.6E). 
Each resident should have access to a park of at least 1 hectare within 400 
meters of their home for relaxation, socializing, and fresh air. There were 
64 neighborhood parks in Ghent in 2019, with plans to increase this 
number to 78. Another practical initiative includes opening up water
courses to allow more water into the city center, providing ecological, 
recreational, and economic benefits (Fig. 8.6F).

Figure 8.6 Ghent climate actions and adaptation strategies: (A) green poles, (B) 
façade gardens, (C) green verges, (D) green climate axes, (E) neighborhood parks, (F) 
opening up watercourses, (G) green front yards, (H) green roofs, and (I) rainwater 
reuse. Reproduced with permission from City of Ghent.
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By opening up watercourses, the City of Ghent enhances the flow of 
cool air into the inner city. Additionally, the spaces on and near these 
watercourses can serve multiple purposes, especially in urban areas, including 
transportation, recreation, nature experiences, habitats for plants and animals, 
ecology, and housing. Lowering quays and creating paths and parks result in 
open, more attractive spaces for living, working, and leisure. The City of 
Ghent has partnered with local residents on several streets to remove 
pavement and introduce greener front yards (Fig. 8.6G). Besides greening 
their front yards or creating facade gardens, residents can also adopt a street 
garden or a roadside planting bed, either individually or with neighbors. The 
city offers subsidies for green roofs and stability studies for private individuals, 
social housing associations, schools, associations, and companies. De 
Energiecentrale provides free home visits to offer assistance and advice on 
green roofs. In 2020 subsidies were awarded for 10,698 m² of green roofs in 
Ghent, with over 75,000 m² created since 2014. Whenever possible, green 
roofs are also installed on municipal buildings, including the first bus shelters 
in 2020 (Fig. 8.6H). Significant drinking water savings can be achieved by 
using rainwater for flushing toilets, running washing machines, and watering 
gardens. For those without space for a rainwater cistern (Fig. 8.6I), a water 
butt is a viable alternative. Residents can receive free advice from the City of 
Ghent’s Energiecentrale to choose the best system for their home or 
determine the appropriate size of a rainwater cistern.

Numerous studies confirmed the impact of urban heat on public health 
and the environment in cities (Milošević et al., 2023). Evidence from Novi 
Sad shows that temperature amplification, particularly during the heat 
waves and in sudden changes in weather conditions (such as synoptic 
changes on the last day of the heat wave), contributes to heat-related risks 
on morbidity and mortality of the population. The risk indices suggest that 
the urban areas with higher thermal or health risks, and in the case of Novi 
Sad in “very high” risk, are the most densely built-up urban areas with 
multistory buildings and with a relatively low ratio of the green regions, 
like LCZs 2 or 5. The heat wave risk matrix for Novi Sad used the average 
daily number of deaths in the heat wave period and UHI intensity (the Ta 
urban-rural and interurban differences) as input indicators (Savić et al., 
2018). Therefore this index showed which parts of the city are at the 
highest risk of heat-related mortality during extreme temperatures.

An excellent example of the application of urban heat data is the 
GReENERGY project realized in Novi Sad (Serbia) and Osijek (Croatia). 
The project approach was to jointly develop and implement green 
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infrastructure (green roofs and walls) as well as solar panels (as an additional 
green energy solution) on selected public buildings in Osijek and Novi Sad 
(as proposed pilot and demonstration projects) (Fig. 8.7). An extensive 
green roof of 480 m2 and a green wall of 82 m2 were installed at one public 
school in Novi Sad. The green roof has a substrate between 7 and 12 cm 
thick, and the surface mass of peat is about 150 kg/m2 without plants. 
Selected plant species are meadow sedum and grass due to the small root 
system, but also resistance and minimal maintenance requirements because 
they tolerate drought well. Green roofs were implemented to improve 
buildings' energy efficiency and thus decrease their energy consumption. 
Solar panels were deployed on roofs to promote the usage of renewable and 
sustainable energy and to produce additional renewable energy that will be 
used for green walls and roof maintenance (e.g., irrigation system), air 
conditioning and light in buildings, etc. Furthermore, old lights in both 
buildings were replaced with LED lights with better energy efficiency and 
thermal insulation and new PVC carpentry was installed.

In summary, in each city, detailed analyses of UHI patterns and LCZs 
informed the design of mitigation and adaptation strategies regarding 
extreme heat. In Amsterdam, UMN data showed that compact midrise 
districts (LCZ2) with dense buildings and high impervious cover were the 
main UHI hotspots, while parks and waterways remained comparatively 
cool. These insights guided the city’s deployment of extensive green and 
blue roofs and reinforced the importance of preserving parkland in 
overheated neighborhoods. In Ghent, temperature and LCZ mapping 

Figure 8.7 Green roof with solar panels and green wall installed on a public school in 
Novi Sad through GReENERGY project (http://www.greenenergy.rs/). Photo: Lazar 
Lazić.
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revealed that densely built mid-rise areas experienced the most intense heat 
stress, prompting planners to expand urban parks, establish green corridors, 
and promote facade gardens in those zones. In Novi Sad, analysis identified 
mid-rise built-up areas as especially vulnerable, leading to pilot projects 
with large green roofs and vertical greening on public buildings. Across all 
three cities, impervious cover, land-use type, population density, and the 
availability of green space proved important in determining priority areas 
for intervention. Highly urbanized, densely populated districts with limited 
vegetation were often targeted for greening. Urban climate data also 
informed digital applications, extending its role beyond infrastructure 
development. Amsterdam’s “find your cool” map, for example, helps 
residents locate cooler refuges, while in Ghent, model validation strength
ened planners’ ability to identify critical hotspots. This targeted, data- 
driven approach ensured that each adaptation measure—whether green 
roofs, facade gardens, parks, or digital tools—addressed the specific climate 
vulnerabilities revealed by UMN data and modeling.

8.5 Future plans for urban heat adaptation

In the future, the AAMS data could be used by the municipality of 
Amsterdam for other research and practical purposes. For example, in 2019 
the Amsterdam municipality and several waterboards set up the Programma 
Klimaatadaptatie to prepare the municipality for the changing climate by 
2050, focusing on urban heat, drought, water nuisance, and flooding. In 
light of this program, the AAMS data could analyze the urban climate at 
different locations. Subsequently, this could help to identify neighborhoods 
where adaptation is (most) needed (Keuken, 2022) in terms of lowering the 
urban temperatures.

Concluding with some key lessons from the Ghent region, it is 
emphasized that combining measurements and modeling approaches 
within the same city proves highly beneficial. Due to high costs, both 
financially and in terms of manpower, prioritizing a limited set of 
strategically placed measurement devices that effectively capture the 
diversity in urban landscapes is preferable. Additionally, collaboration 
with stakeholders, including public administrations and fellow researchers, 
is essential for maximizing the impact and utility of the networks. 
Monitoring the Ghent region’s urban climate will continue in the 
upcoming years. The existing measurement stations will remain in 
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operation, and additional stations will be equipped with black globe sensors 
to assess radiation, a crucial factor in thermal comfort studies. Collaborative 
efforts with local administrations will involve monitoring various urban 
greening projects, incorporating before-and-after measurements and uti
lizing microscale models to simulate heat stress.

Based on experienced and visible technical and financial issues and 
limitations in further development of new urban monitoring networks 
(in situ measurements), the mobile monitoring campaigns in cities of 
Serbia and the region of Southeast Europe will continue in the coming 
years. This monitoring strategy will go through two lines: (1) with 
more focus on microscale measurements and prioritizing strategically 
selected locations to catch the climate diversity in the urban landscape, 
and (2) implementation of the purpose-designed mobile/portable 
instruments with specifically numbered and high-accuracy sensors, 
particularly for radiation measurements. These spatial and temporal 
high-resolution datasets should cooperate more intensely with other 
research groups from different cities in intra- and interurban assess
ments. Furthermore, through urban environmental projects in partner
ship with local organizations, these datasets will be used to develop 
climate-friendly urban planning, particularly for highlighting the 
importance of green/blue areas for improving city thermal conditions 
and lowering the urban heat.

8.6 Conclusions

This chapter showcased that UHI intensity is most pronounced during 
the evening and night hours in Amsterdam, Ghent, and Novi Sad, with all 
three cities experiencing significant temperature differences compared to 
their rural surroundings. Specifically, the average hourly UHI intensity 
during summer reached 1.0°C in Amsterdam, 1.0°C in Ghent, and 2.0°C in 
Novi Sad, with peak hourly mean temperature differences of up to 2.4°C, 
2.1°C, and 3.9°C, respectively. During extremely hot days and heat waves, 
maximum hourly UHI was more pronounced and reached 6°C in 
Amsterdam, 8°C in Novi Sad, and 8.7°C in Ghent. Thus policymakers 
and stakeholders should prioritize implementing strategies to mitigate the 
UHI effect, particularly in the evening and night hours, as cities like 
Amsterdam, Ghent, and Novi Sad exhibit significant temperature disparities, 
with peak intensities reaching up to 8.7°C. The urban heat adaptation is 
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particularly important in the era of climate change in order to safeguard 
public health, enhance energy efficiency, ensure infrastructure resilience, 
address economic concerns, promote social equity, and contribute to broader 
climate change adaptation efforts.

The presented urban heat research from Amsterdam, Ghent, and Novi 
Sad can be used as examples of good practices for other cities in their effort 
to develop strategies to tackle urban heat in the future. These strategies 
should encompass various urban planning and design aspects, including 
incorporating green spaces, cool roofs, and reflective pavements to reduce 
the UHI effect. Heat-resilient infrastructure, sustainable water management 
systems, and climate-responsive land use planning are also essential. 
Additionally, establishing cooling centers, community engagement, and 
innovative cooling technologies contribute to creating more resilient cities. 
Monitoring urban heat patterns, enforcing regulations, and integrating 
energy-efficient designs are crucial for effective adaptation. By combining 
these strategies, cities can enhance their ability to withstand extreme heat 
events, protect public health, and promote sustainable urban development 
in the face of climate change.
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