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Summary: Climate change is regarded as one of  the greatest challenges to cities in the future. Some proposals focus on 
incorporating urban green space to counter the rise in temperature and ensuing public health hazards. Urban blue spaces, 
defined as all surface waters within a city, are regarded as a possible factor for temperature mitigation, but effects have 
not been quantified and so remain underrepresented in research, recommendations for action and planning. A systematic 
review was conducted of  studies quantifying the temperature-mitigating effects of  urban blue compared to other urban 
sites (n=27). The studies included in the review measured air temperatures at various types of  urban blue space such as 
ponds, lakes or rivers and compared them with reference sites at defined distances or to urban reference sites in the same 
city. The meta-analysis suggested that a cooling effect of  2.5 K (CI 95% 1.9-3.2 K, p<0.01) during the warmest months 
on northern hemisphere (between May and October) can be attributed to urban blue sites when including remote sensing 
data. However, research on the air temperature effects of  urban blue space remains sparse compared to studies on urban 
green. The cooling effects clearly attributable to urban blue space are limited by surrounding environmental conditions 
like microclimate, urban development, wind velocity, wind turbulence, wind direction, temperature and humidity. Future 
research is needed to help planners use urban blue space efficiently as a temperature-mitigating and health protecting and 
promoting factor.  The temperature-mitigating capacity of  urban blue can potentially reduce heat stress in urban areas. 
To create healthy environments in the cities of  the future, a better understanding of  health affecting aspects of  urban 
blue is needed to initiate public health action.

Zusammenfassung: Der Klimawandel wird bereits heute als eine der größten zukünftigen Herausforderungen für 
Städte angesehen. Um resultierende Temperaturerhöhungen und die damit verbundenen Risiken für die öffentliche Ge-
sundheit abzumildern, fokussieren viele Handlungsempfehlungen auf  die zunehmende Integration stadtgrüner Räume. 
Stadtblaue Räume, definiert als alle Oberflächengewässer innerhalb einer Stadt, sind als möglicher Faktor für eine Tem-
peraturabmilderung bereits anerkannt. Ihre Wirkungen wurden bislang jedoch nicht in ausreichendem Maße quantifiziert 
und verbleiben daher in der aktuellen Forschung und Planungspraxis sowie Handlungsempfehlungen unterrepräsentiert. 
Folglich wurde ein systematisches Review durchgeführt, welches Studien einschloss, die Temperaturabmilderungseffekte 
zwischen stadtblauen und anderen urbanen Standorten quantitativ verglichen (n=27). Studien, die in das Review auf-
genommen wurden, erfassten Lufttemperaturen in verschiedenen stadtblauen Räumen, wie z.B. an Teichen, Seen oder 
Flüssen, und verglichen diese mit Standorten in definierten Distanzen zum stadtblauen Raum oder zu einem urbanen 
Referenzstandort in der gleichen Stadt. Die Meta-Analyse deutet auf  einen Kühlungseffekt von 2,5 K (CI 95% 1,9–3,2 
K, p<0,01) während der wärmsten Monate auf  der Nordhalbkugel (zwischen Mai und Oktober) hin, welcher auf  stadt-
blaue Standorte zurückgeführt werden kann, wenn Fernerkundungsdaten mit einbezogen werden. Die Kühlungseffekte, 
die eindeutig auf  stadtblaue Räume zurückzuführen sind, werden durch umgebende Umweltbedingungen, wie z.B. das 
Mikroklima, städtebauliche Entwicklung, Windgeschwindigkeit, -turbulenz, -richtung, Temperatur und Luftfeuchte, aller-
dings deutlich beeinflusst. Somit bedarf  dieses Themengebiet dringend weiterer Forschung, um Planern einen effizienten 
Einbezug von stadtblauen Räumen zur Temperaturabmilderung und als gesundheitsschützender und -fördernder Faktor 
zu ermöglichen.  Der Kühlungseffekt von Stadtblau kann Hitzestress im urbanen Umfeld reduzieren. Für die Schaffung 
gesunder Lebensumwelten in der Stadt der Zukunft müssen gesundheitsrelevante Wirkungen von Stadtblau näher unter-
sucht werden, um geeignete Public Health Interventionen zu ermöglichen.
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1 Introduction

According to the Intergovernmental Panel on 
Climate Change (iPCC), the average global tempera-
ture is expected to increase by between 1.8 and 4.0 K 
by the end of the 21st century. The impacts of cli-
mate change are perceptible in the form of varying 
weather patterns and extreme weather events, such 
as windstorms, heavy rainfall, floods, droughts and 
heatwaves (IPCC 2007). Heatwaves affect urban ar-
eas in particular and are often associated with a sig-
nificant increase in total mortality (d’iPPoliti et al. 
2010). Due to the great thermal mass made up of as-
phalt, bricks and concrete, the dark covers of streets 
and roofs, low evapotranspiration, heat output by 
industry, households and motor vehicles, as well as 
the low ventilation capacity of areas with buildings, 
ambient air temperatures in an urban area can be 
4–5 K higher than in adjacent rural areas, forming 
an “Urban Heat Island“ (UHI) under specific condi-
tions (arnfield 2003; oke 1987).

Extreme hot weather events and heatwaves 
represent a growing public health challenge due to 
increased heat-related mortality, which contributes 
to the global burden of disease (eea 2012; koVátS 
and Hajat 2008; Comrie 2007). According to an es-
timated increase of mortality by 2–3% per 1 K in-
crease in apparent temperature (miCHelozzi et al. 
2007), the observed mortality on heatwave days in-
creased in European cities significantly (from 7.6% 
in Munich to 33.6% in Milan) (d’iPPoliti et al. 2010; 
miCHelozzi et al. 2007). The severe heatwave that 
occurred in Europe in the summer of 2003 was ac-
countable for an excess mortality estimated as vary-
ing between 25,000 and 70,000 premature deaths 
(robine et al. 2008; WHo and Wmo 2012). 

Hot weather and heatwaves compromise every-
body’s comfort, well-being and, eventually, health 
(SmitH and leVermore 2008). The human organism 
constantly balances individual energy heat loss and 
keeps the body’s core temperature within the regular 
range of 36.1–37.8 °C. The thermal budget is strong-
ly affected by electromagnetic waves from the sun, 
convection in the surrounding air and evaporation 
of sweat. Even a temperature rise of less than 1 K 
triggers a strong regulation mechanism by sweat-
ing and increasing skin perfusion. However, these 
thermal regulation mechanisms are stressful to the 
organism, especially to the cardiovascular system. 
Hence, excessive heat exposure can result in mas-
sive health problems varying from moderate heat 
rashes, heat exhaustion and heat cramps up to life-
threatening heatstrokes (kjellStrom et al. 2010; 

WHo 2008). Some factors in particular are specifi-
cally associated with overall morbidity and mortality 
during heat waves, including age, gender, premor-
bidity, socio-economic status and interdependencies 
with clinical and pathophysical factors (eea 2012; 
Pauli and Hornberg 2010; koVátS and Hajat 2008; 
WHo 2008). Elderly people are the largest group in 
the vulnerable population because ageing decreases 
tolerance to heat. A delayed perception of thirst and 
a reduced sweating capacity lead to a high vulner-
ability amongst elderly living without care and air 
conditioning. The health of elderly people is further 
impaired by co-morbidity, physical and cognitive im-
pairment and multiple medications (d’iPPoliti et al. 
2010; Hajat et al. 2010). Infants and children, be-
cause their metabolism is not yet as efficient as that 
of adults, people with chronic diseases, people tak-
ing medication that affects their body’s mechanisms 
of thermoregulation, socioeconomically deprived 
people, and people in occupations with heavy out-
door activity levels are also strongly affected by high 
temperatures (WHo 2008).

It is therefore of the utmost importance for city 
planners and health professionals to develop and 
evaluate strategies for the mitigation and adaption of 
climate change, particularly in urban areas (rydin 
et al. 2012; SmitH and leVermore 2008). Hence the 
distribution of the UHI effect is positively correlated 
with the dimensions, density and design of cities 
(arnfield 2003; oke 1987). An adaptation strategy 
to cool towns and cities tends to lead to ‘greening’ 
urban areas (boWler et al. 2010a). Urban green has a 
high potential to ameliorate urban climate by shad-
ing, the evapotranspiration of leaves and providing 
areas and surfaces for water evaporation (giVoni 
1991; taHa et al. 1988). Evidence of the cooling ca-
pacity of urban green being strong enough to cool 
down the environment on a local scale is summa-
rised in the literature review performed by boWler 
et al. (2010b). Their meta-analysis suggests a cooling 
effect of vegetation in urban parks by 1 K on average 
compared to non-green areas and reflects the results 
of recent studies (li et al. 2011; oliVeira et al. 2011; 
Peng et al. 2012). 

Studies on temperature-mitigation are performed 
using different research methods. Researchers make 
use of remote sensing data to estimate the surface 
temperatures of different land covers in an urban 
area. Remotely sensed surface temperature repre-
sents “an indirect measurement requiring considera-
tion of the intervening atmosphere and the surface 
radiative properties that influence the emission and 
reflection of radiation within the spectral wave-
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lengths detected by the sensor” (Voogt and Oke 
2003, 372). Voogt and Oke (2003) define necessary 
steps for estimating temperatures: the calculation of 
the directional brightness temperature, the applica-
tion of atmospheric effects corrections, i.e. pressure, 
temperature and humidity, the application of the 
emissivity of surface materials and the calculation of 
the directional radiometric temperature. Finally, not 
all surfaces are viewed by the remote sensor, so that 
a correction needs to be added, providing predic-
tive data on parts of the land surface. A recent study 
identified another important limitation as it calcu-
lated an overestimation of temperatures during day-
time and underestimation during night-time for re-
mote sensing data compared to on-site measurement 
data (MoHan et al. 2013). Deriving data empirically 
from on-site measurements, normally at ground lev-
el, is conducted using calibrated thermometers either 
at fixed stations or with mobile devices and need 
standardised measurement procedures at the vari-
ous locations (WMO 2010). Computer simulations 
and mathematical models are predictive tools for i.e. 
assess potential effects of interventions on urban cli-
mate (FröHliCH and MatzarakiS 2012; SPronken-
SmitH and Oke 1999). 

The used methods also implicate the use of dif-
ferent scales. Remote sensing data normally refer 
to larger scaled areas, whereas data from on-site 
measurements can provide data on specific local 
scale conditions, due to considerable expenditures 
in comparison (WMO 2010). These constraints have 
to be taken into account. In our review we included 
studies on remote sensing and empirically on-site 
measurement data to test for direct influences of ur-
ban blue spaces on ambient air temperatures. The 
advantage of using results from both methods is the 
triangulation for method and scale to derive a more 
sophisticated view on temperature-mitigating ef-
fects of urban blue. 

Although research on the cooling capacity of 
parks, vegetation and vegetated areas has clearly es-
tablished the heat attenuation effect of urban green 
by shading, transpiration and evapotranspiration, a 
closer look at the studies gives a rather undifferenti-
ated picture of green areas. It is not completely evi-
dent how far the measured cooling effects can really 
be attributed to green areas; e.g. some studies refer 
to green areas as a whole without clearly characteris-
ing spatial structures (i.e. the relationship between 
trees, lawns and paved surfaces) and landscape ele-
ments like water bodies or fountains (almendroS 
CoCa 1992; CHang et al. 2007; makHelouf 2009). 
In other studies, the measuring points were not ex-

plicitly set, so that the effects cannot be assigned 
precisely to green areas or water bodies ( jáuregui 
1990; robitu et al. 2006). However, water bodies 
in particular are supposed to contribute to cool-
ing down the surrounding air through evaporation 
(oke 1987) and convection (SPronken-SmitH et al. 
2000). This provided the central question of this 
study: What is the cooling capacity of urban blue 
space?

CouttS et al. (2012) published a first compila-
tion of studies regarding the cooling capacity of 
water bodies and their influence on urban climate, 
but their paper only discusses the capacity for water-
sensitive urban design (WSUD). A systematic review 
was therefore conducted on the empirical evidence 
for the temperature-mitigating capacity of urban 
blue space. For our research we define urban blue as 
all kinds of surface water bodies in an urban area, 
both running (i.e. rivers, canals, streams) and stand-
ing water bodies (i.e. lakes, reservoirs, ponds). This 
also included wetlands and seashore lines within ur-
ban areas (Völker and kiStemann 2011; 2013).

2 Methods

A systematic review was performed to col-
lect the best available evidence in current literature 
(Fig. 1) with the aim of descriptively summarising 
the findings in a meta-analysis and critically assess-
ing the methods used for the studies (PettiCreW and 
robertS 2008). Systematic reviews are regularly ap-
plied in health research contexts and aim to compile 
an at most unbiased fundament of existing litera-
ture relevant to a research question. The statistical 
analysis in a meta-analysis can combine the results 
in included studies to possibly identify general pat-
terns (HigginS and green 2008). Before doing the 
literature search, subjects, interventions, outcomes 
and comparative sites were defined following the 
review on urban green by boWler et al. (2010b). 
Relevant subjects were temperature measurements 
in urban areas throughout the world. The creation 
or presence of urban blue space constituted relevant 
interventions, the outcome was defined as a quanti-
tative measurement of temperature. For this review 
comparable sites were 1) urban areas with urban blue 
space compared to surrounding urban areas without 
urban blue space; 2) the comparison of urban areas 
before and after the creation of urban blue space; or 
3) urban blue space compared to surrounding urban 
green. In the following the comparative site is la-
belled as “urban site”.
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In a comprehensive search we used relevant 
electronic search engines (PubMed, ISI Web of 
Knowledge, Science Direct) and relevant journals 
(Theoretical and Applied Climatology, International 
Journal of Climatology) to search for predefined key-
words and phrases (Tab. 1). The search also included 
the reference lists of papers included in the study and 
papers written by key authors and organisations deal-
ing with urban climate. The predefined quantitative 
exclusion criteria were then used to exclude all stud-
ies dealing with water policy (deak and buCHt 2011; 
nakayama and HaSHimoto 2011; takaHaSHi et al. 
2010; Walker et al. 2012) and urban green space 
(boWler et al. 2010b; oliVeira et al. 2011; uPmaniS 
et al. 1998), as well as studies not clearly differenti-
ating urban green and urban blue space ( jáuregui 
1990; maHmoud 2011; robitu et al. 2006).

The papers identified by the quantitative search 
were then screened using qualitative inclusion crite-
ria. In order to meet these, studies were required to 
have measured temperature at least at ground level 
(air temperature at up to 2 m height or surface tem-
perature) in an urban area and to compare tempera-
tures at an urban blue site with a non-urban blue site. 
The latter was further used as a criterion for the me-
ta-analysis. Papers on urban blue space with signifi-
cant influence of urban green (martin et al. 2012; 
martínez-arroyo and jáuregui 2000; Wong et al. 
2011) or studies modelling temperature (fröHliCH 
and matzarakiS 2012; nakayama and HaSHimoto 
2011; robitu et al. 2006; SPronken-SmitH and oke 
1999) were not included in the review. All papers 
were entered into a matrix and classified by biblio-
graphic parameters (author, title, year, journal), study 
site, climatic classification (lauer and frankenberg 

1988; lauer et al. 1996), setting scale, method, inves-
tigation period, concept/experiment design, general 
results, specific effects of urban blue space on tem-
perature and, where given, the size and type of urban 
blue investigated.

For the meta-analysis, data from the papers was 
used to calculate the temperature effects of urban 
blue compared to non-urban blue sites. The tem-
perature difference ∆T (=effect size) was calculated 
using the method proposed by boWler et al. (2010b), 
which is the median of the differences in K between 
urban blue and non-blue urban areas: 

∆T = Turban – Tblue

This measure can provide a good overview of 
the temperature-mitigating effect size referred to 
urban blue space according to the different studies. 
The measurements of Turban and Tblue should ideally 
be taken at the same time. In studies having more 
than two sampling points (one urban site, one urban 
blue site), the average temperature for all urban blue 
sites and the average for all urban sites were calcu-
lated. In the case of multiple points or time frames 
of measurements, the median of all sampling points 
at the urban blue site was compared to the median 
of all sampling points at the urban site and ∆T was 
calculated. If the data was obtained during different 
seasons, data of the warmest months on northern 
hemisphere (all months between May and October) 
was chosen for better comparability. The ∆T vari-
ation between studies was shown by indicating the 
minima and maxima alongside the median. Due to a 
lack of explicit data in the data presented in the pa-
pers confidence intervals could not be calculated for 

Exclusion criteria (quantitative)

Inclusion criteria (qualitative)

Studies on urban green, water policy,
studies on urban blue with significant

impact of urban green

Specific data on temperature effects,
comparative studies

Keywords and phrase searches
Stap 1: Relating to health
Step 2: Relating to urban settings
            and urban blue

655 articles

148 articles

19 articles

Fig. 1: Methodological steps of  the systematic review and number of  papers found after each step
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each ∆T. A paired t test was performed to underline 
the significance of all studies providing data for Turban 
and Tblue using IBM® SPSS® Statistics 20 (n=18). Also 
included were possible confounders for variation in 
respect to climate zone (differences between Lauer/
Frankenberg climate zones, e.g., tropical vs. sub-
tropical (lauer et al. 1996)), setting scale (size of the 
study area, e.g. region versus urban quarter), types of 
urban blue space (different size and appearance, e.g. 
river vs. pond), study design (longitudinal vs. cross-
sectional) and method (on-site measurements vs. re-
mote sensing data). 

3 Results

In total we found 19 articles comprising 27 dif-
ferent studies on temperature effects of an urban 
blue site compared to an urban reference site (Tab. 
2). Each study investigated one type of urban blue. 

Regarding the geographical spread of stud-
ies (all from the northern hemisphere), most were 
conducted in East Asia (22 studies, 81%: China 12, 
Japan 8, South Korea 2). 4 studies (15%) were lo-
cated in Europe and one (4%) in North America. 
This is also reflected by the climates of the coun-
tries where the studies were conducted. Four studies 
(15%) were conducted in warm moderate maritime, 
20 (74%) in a subtropical climate (18 (67%) of these 
in a continental, 2 (7%) in maritime subtropical cli-
mate), and 3 (11%) in tropical climate.

The different setting scales used in the studies 
were addressed by defining a macro-, meso- and mi-
cro-scale. The macro-scale comprised studies done 
on a regional or entirely urban level, the meso-scale 
was defined as an urban district or quarter and mi-
cro-scale studies were defined as a park or square 
research level. Most of the studies were conducted 
on a meso-scale (n=14; 52%), 9 (33%) on the mac-
ro-scale and 4 (15%) on the micro-scale level. The 
majority of the studies had a cross-sectional study 
design (n=22; 81%), which dealt with specific points 

in time during the year, typically one or two days, 
only 5 studies (19%) showed longitudinal design and 
considered the temperature effects, i.e. during a sea-
sonal period. 

Regarding the method of retrieving temperature 
data, two ways of measurement were isolated: via on-
site measurement (n=18; 67%) with measurements of 
the air temperature with mobile or static devices at 
the study sites or at specific distances, or via remote 
sensing (n=9; 33%), which used mainly satellite data 
to calculate surface temperatures.

To summarise different types of urban blue 
space on comparable scales, the following types were 
defined: “ocean”, comprising oceans, seas and shore-
lines; “river”, comprising rivers, canals and streams; 
“lake”, comprising lakes and reservoirs; and “pond”, 
comprising ponds and fish ponds.

3.1 Synthesis of  the evidence

The calculated effect size, ∆T resulted from 
the average temperatures measured in each study 
(Tab. 2). Studies with on-site measurements merged 
the data of one or more days containing daytime and 
night-time measurements. The ∆T was usually posi-
tive (urban blue sites were relatively cool) during the 
day around the highest ambient temperatures of the 
city, and negative (urban blue sites were relatively 
warm) during the night. This is due to the specific 
heat, which is greater for water than for any other 
material, so that water cools more slowly during the 
night than other urban materials like concrete (li et 
al. 2011; Sun and CHen 2012).

All studies found a cooling effect for urban blue 
space during the warmest months on northern hemi-
sphere, particularly during heat events. If indicated 
in the studies, the daytime and night-time temper-
ature effect was used for calculation (Tab. 2). The 
∆T for each study ranged from 0.4 K (minimum) to 
5.6 K (maximum). Calculating the median ∆T for all 
studies (n=27), a cooling effect of 2.5 K was found 

Keywords used for the thematic aspects:

Climate Urban area Urban blue space

air, heating, cooling, evaporation, 
humidity, humidness, moisture, 
temperature, microclimate, thermal 
environment, urban heat island 
effect, heat wave, urban climate

city, urban, town, township, 
quarter, ward

creek, fountain, lake, pond, pool, 
river, stream, water

Tab. 1: Keywords used in the search engines to identify papers relevant to temperature mitigation caused by urban blue
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No. Author Publication 
year

Study 
Abbr. Study site Climatic classification1 Setting 

scale Urban blue site and reference site Investigation 
period

Daytime 
/ Night-

time
Methods

Experi-
mental 
design

∆T of urban 
blue
[K]

1 CHen et al. 2006 WB Pearl River Delta, 
China

A2sh - Tropical warm 
semi-humid

Macro-scale Water 
compared to 
built-up area

6 days throughout 
year

n/a Remote 
sensing 

(RS)

Cross-
sectional 

(CS)

3.17

2 CHen et al. 2006 FPB Pearl River Delta, 
China

A2sh - Tropical warm 
semi-humid

Macro-scale Fish ponds 
compared to 
built-up area

6 days throughout 
year

n/a RS CS 2.58

3 CHen et al. 2009 Guangzhou,  
China

A2sh - Tropical warm 
semi-humid

Micro-scale Pond 
compared to 
built-up area

1 day July Daytime 
(DT)

On-site 
measure-

ment (OS)

CS 1.3

4 Han et al. 2011 Wuhan,  
China

B2h - Subtropical 
continental humid

Meso-scale Urban river 
compared to 
urban block

Two days summer DT OS CS 2

5 HatHWay 
and SHarPleS

2012 Sheffield,  
United Kingdom

CI3sh - Maritime warm 
moderate semi-humid

Meso-scale Urban river 
compared to 
urban site

Two periods May 
and June-July

DT OS CS 1.26

6 Hou et al. 2009 Beijing,  
China

B2sh - Subtropical 
continental semi-humid

Macro-scale Urban wetlands 
compared to 
urban region

3 dates  May/June DT RS CS 5.63

7 Hou et al. 2013 Beijing,  
China

B2sh - Subtropical 
continental semi-humid

Macro-scale Urban wetlands 
compared to 
residential area

1 date May DT RS CS 4.83

8 Huang et al. 2008a Nanjing,  
China

B2h - Subtropical 
continental humid

Meso-scale Urban lake 
compared to 
city centre

July-September DT & 
night-time 

(NT)

OS Longitu-
dinal (L)

0.9

9 Huang et al. 2008b Nanjing,  
China

B2h - Subtropical 
continental humid

Meso-scale Urban lake 
compared to 
city centre

July-September DT & NT OS CS 0.9

10 iSHii et al. 1991 WP Fukuoka,  
Japan

B2h - Subtropical 
continental humid

Micro-scale Pond in park 
compared to 
the same park without pond

2 days in August DT OS CS 0.4

11 iSHii et al. 1991 WU Fukuoka,  
Japan

B2h - Subtropical 
continental humid

Meso-scale 1) Park with pond, 
2) park without pond 
compared to  
built-up residential area

2 days in August DT OS CS 1.16

12 kim et al. 2008 SD Seoul,  
South Korea

B2h - Subtropical 
continental humid

Meso-scale Restored downtown stream on surface 
compared to 
downtown area with stream in canal

Summer DT OS L 0.6

13 kim et al. 2008 SFD Seoul,  
South Korea

B2h - Subtropical 
continental humid

Meso-scale Restored downtown stream on surface  
ompared to 
downtown area in 200 m distance

Summer DT OS L 1

14 li et al. 2011 Shanghai,  
China

B2h - Subtropical 
continental humid

Macro-scale Water areas 
compared to 
urban areas

1 date March, 1 
date June 

n/a RS CS 0.95

Tab. 2: Characteristics of studies included in the review, which investigated temperature effects of urban blue compared 
to an urban reference site. If more than one study is presented in one article, each study in the article is assigned to a 
specific study abbreviation. ∆T is the median of the differences in K between urban blue and non-blue urban areas: 
∆T=Turban – Tblue
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No. Author Publication 
year

Study 
Abbr. Study site Climatic classification1 Setting 

scale Urban blue site and reference site Investigation 
period

Daytime 
/ Night-

time
Methods

Experi-
mental 
design

∆T of urban 
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B2h - Subtropical 
continental humid

Meso-scale Urban lake 
compared to 
city centre

July-September DT & 
night-time 

(NT)

OS Longitu-
dinal (L)

0.9

9 Huang et al. 2008b Nanjing,  
China

B2h - Subtropical 
continental humid

Meso-scale Urban lake 
compared to 
city centre

July-September DT & NT OS CS 0.9

10 iSHii et al. 1991 WP Fukuoka,  
Japan

B2h - Subtropical 
continental humid

Micro-scale Pond in park 
compared to 
the same park without pond

2 days in August DT OS CS 0.4

11 iSHii et al. 1991 WU Fukuoka,  
Japan

B2h - Subtropical 
continental humid

Meso-scale 1) Park with pond, 
2) park without pond 
compared to  
built-up residential area

2 days in August DT OS CS 1.16

12 kim et al. 2008 SD Seoul,  
South Korea

B2h - Subtropical 
continental humid

Meso-scale Restored downtown stream on surface 
compared to 
downtown area with stream in canal

Summer DT OS L 0.6

13 kim et al. 2008 SFD Seoul,  
South Korea

B2h - Subtropical 
continental humid

Meso-scale Restored downtown stream on surface  
ompared to 
downtown area in 200 m distance

Summer DT OS L 1

14 li et al. 2011 Shanghai,  
China

B2h - Subtropical 
continental humid

Macro-scale Water areas 
compared to 
urban areas

1 date March, 1 
date June 

n/a RS CS 0.95
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for urban blue space. Using the paired t test the al-
ternate hypothesis can be assumed. That means the 
sample averages of Turban and Tblue date to different 
populations (∆T=2.6 K, CI 95% 1.9-3.2 K, p<0.01, 
n=18).

Regarding the effect of different climate zones 
on temperature mitigation by urban blue space (Fig. 
2), the strongest effect was observed in tropical cli-
mates. Studies in this climate zone found a cooling 

effect of 2.6 K. The difference in cooling effect of 
urban blue space between the highest median effec-
tiveness (tropical climate) and the lowest median ef-
fectiveness (maritime, warm moderate climate) was 
only 0.7 K, to a rather narrow median ∆T range.

Regarding different urban blue types, wetlands 
showed the strongest effect (∆T=5.2 K, min=4.8 K, 
max=5.6 K, n=2) and ponds the least (∆T=1.6 K, 
min=0.4 K, max=4.7 K, n=6). However, the num-

No. Author Publication 
year

Study 
Abbr. Study site Climatic classification1 Setting 

scale Urban blue site and reference site Investigation 
period

Daytime 
/ Night-

time
Methods

Experi-
mental 
design

∆T of urban 
blue
[K]

15 loPeS et al. 2011 SLFU Funchal,  
Portugal

B3sh - Subtropical 
maritime semi-humid

Meso-scale Shore line  
compared to 
urban valley bottom in 780m distance

10 days June and 
August,

4 days September

DT OS CS 1.95

16 loPeS et al. 2011 SLNU Funchal,  
Portugal

B3sh - Subtropical 
maritime semi-humid

Meso-scale Shore line 
compared to 
urban area near shoreline in 75m 
distance

10 days June and 
August,

4 days September

DT OS CS 3.08

17 murakaWa 
et al.

1991 CUD Hiroshima,  
Japan

B2h - Subtropical 
continental humid

Meso-scale Urban channel 
compared to 
urban quarter in 400m distance

2 dates July, 2 
dates September

DT & NT OS CS 2.54

18 murakaWa 
et al.

1991 RUD Hiroshima,  
Japan

B2h - Subtropical 
continental humid

Meso-scale Urban river 
compared to 
urban quarter in 400m distance

2 dates July, 2 
dates September

DT & NT OS CS 2.1

19 murakaWa 
et al.

1991 RU Hiroshima,  
Japan

B2h - Subtropical 
continental humid

Meso-scale Urban river compared to urban quarter Whole year (14 
months)

DT OS L 4

20 niSHimura 
et al.

1998 WP Osaka,  
Japan

B2h - Subtropical 
continental humid

Micro-scale Water pond without fountain compared 
to park

1 day in summer DT & NT OS CS 1.8

21 niSHimura 
et al.

1998 WFP Osaka,  
Japan

B2h - Subtropical 
continental humid

Micro-scale Water pond with fountain compared to 
park

1 day in summer DT & NT OS CS 4.7

22 SCHWarz et 
al.

2012 Leipzig,  
Germany

CI3sh - Maritime warm 
moderate semi-humid

Meso-scale Water 
compared to 
urban area

2 days in summer DT RS CS 2.5

23 SHudo et al. 1997 Western Hokkaido 
Island,  
Japan

CI2h - Maritime warm 
moderate humid

Macro-scale Water (inland waters, seashore, seas) 
compared to
all other land uses (man-made, 
agricultural, woods and forests)

Whole year ( June-
July)

n/a RS, OS L 0.5

24 Sun and 
CHen

2012 Beijing,  
China

B2sh - Subtropical 
continental semi-humid

Macro-scale Water bodies (excluding rivers and ca-
nals) 
compared to 
built-up land

1 day in summer DT RS CS 3.37

25 Sun et al. 2012 LB Beijing,  
China

B2sh - Subtropical 
continental semi-humid

Macro-scale Lakes/reservoirs compared to 
built-up area

1 day in summer DT RS CS 3.63

26 Sun et al. 2012 RB Beijing,  
China

B2sh - Subtropical 
continental semi-humid

Macro-scale Rivers/canals 
compared to 
built-up area

1 day in summer DT RS CS 3.3

27 tuller 1995 Victoria,  
Canada

CI3h - Maritime warm 
moderate humid

Meso-scale Urban waterfront compared to
varying urban inland sites

16 days July-
September

DT OS CS 5.4

1) Climate classification after Lauer/Frankenberg is used (lauer and frankenberg 1988; lauer et al. 1996). Other climate clas-
sifications lead to different classifications for individual locations, e.g. Beijing and Seoul represent critical cases, which are clas-
sified as cold moderate (III 7) by troll/Paffen or moderate east coast (III 5) by neef/floHn.
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ber of studies for wetlands was extremely low, which 
makes it difficult to compare ∆Ts. Rivers showed a ∆T 
of 2.1 K (min=0.6 K, max=4 K, n=8), the unspeci-
fied urban blue space type “water” 2.5 K (min=0.5 K, 
max=3.4 K, n=5). Although oceans showed a lower 
∆T (∆T=3.1 K, min=2 K, max=5.4 K, n=3) than did 
lakes (∆T=3.5 K, min=0.9 K, max=3.6 K, n=3), the 
range of ∆T indicated the higher effectiveness of 
oceans.

Remote sensing data yielded a higher average 
cooling effect (∆T=3.3 K, min=1 K, max=5.6 K, 
n=9) than did on-site measurements (∆T=1.9 K, 
min=0.4 K, max=5.4 K, n=18). Longitudinal study 
designs (∆T=0.9 K, min=0.5 K, max=4 K, n=5) did 
not show as strong a cooling effect as cross-sectional 
studies (∆T=2.6 K, min=0.4 K, max=5.6 K, n=22). 
One explanation was the inclusion of non-summer 
seasonal temperature data. Urban blue space cools 

No. Author Publication 
year

Study 
Abbr. Study site Climatic classification1 Setting 

scale Urban blue site and reference site Investigation 
period

Daytime 
/ Night-

time
Methods

Experi-
mental 
design

∆T of urban 
blue
[K]

15 loPeS et al. 2011 SLFU Funchal,  
Portugal

B3sh - Subtropical 
maritime semi-humid

Meso-scale Shore line  
compared to 
urban valley bottom in 780m distance

10 days June and 
August,

4 days September

DT OS CS 1.95

16 loPeS et al. 2011 SLNU Funchal,  
Portugal

B3sh - Subtropical 
maritime semi-humid

Meso-scale Shore line 
compared to 
urban area near shoreline in 75m 
distance

10 days June and 
August,

4 days September

DT OS CS 3.08

17 murakaWa 
et al.

1991 CUD Hiroshima,  
Japan

B2h - Subtropical 
continental humid

Meso-scale Urban channel 
compared to 
urban quarter in 400m distance

2 dates July, 2 
dates September

DT & NT OS CS 2.54

18 murakaWa 
et al.

1991 RUD Hiroshima,  
Japan

B2h - Subtropical 
continental humid

Meso-scale Urban river 
compared to 
urban quarter in 400m distance

2 dates July, 2 
dates September

DT & NT OS CS 2.1

19 murakaWa 
et al.

1991 RU Hiroshima,  
Japan

B2h - Subtropical 
continental humid

Meso-scale Urban river compared to urban quarter Whole year (14 
months)

DT OS L 4

20 niSHimura 
et al.

1998 WP Osaka,  
Japan

B2h - Subtropical 
continental humid

Micro-scale Water pond without fountain compared 
to park

1 day in summer DT & NT OS CS 1.8

21 niSHimura 
et al.

1998 WFP Osaka,  
Japan

B2h - Subtropical 
continental humid

Micro-scale Water pond with fountain compared to 
park

1 day in summer DT & NT OS CS 4.7

22 SCHWarz et 
al.

2012 Leipzig,  
Germany

CI3sh - Maritime warm 
moderate semi-humid

Meso-scale Water 
compared to 
urban area

2 days in summer DT RS CS 2.5

23 SHudo et al. 1997 Western Hokkaido 
Island,  
Japan

CI2h - Maritime warm 
moderate humid

Macro-scale Water (inland waters, seashore, seas) 
compared to
all other land uses (man-made, 
agricultural, woods and forests)

Whole year ( June-
July)

n/a RS, OS L 0.5

24 Sun and 
CHen

2012 Beijing,  
China

B2sh - Subtropical 
continental semi-humid

Macro-scale Water bodies (excluding rivers and ca-
nals) 
compared to 
built-up land

1 day in summer DT RS CS 3.37

25 Sun et al. 2012 LB Beijing,  
China

B2sh - Subtropical 
continental semi-humid

Macro-scale Lakes/reservoirs compared to 
built-up area

1 day in summer DT RS CS 3.63

26 Sun et al. 2012 RB Beijing,  
China

B2sh - Subtropical 
continental semi-humid

Macro-scale Rivers/canals 
compared to 
built-up area

1 day in summer DT RS CS 3.3

27 tuller 1995 Victoria,  
Canada

CI3h - Maritime warm 
moderate humid

Meso-scale Urban waterfront compared to
varying urban inland sites

16 days July-
September

DT OS CS 5.4
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the ambient air temperature in summertime on every 
scale, but the general trend was a decline from the 
macro (∆T=3.3 K, min=0.5 K, max=5.6 K, n=9) 
over the meso (∆T=2.1 K, min=0.6 K, max=5.4 K, 
n=14) and the micro-scale (∆T=1.6 K, min=0.4 K, 
max=4.7 K, n=4). The studies assigned to the mac-
ro-scale were identical to the studies using remote 
sensing data.

4 Discussion

4.1 Determinants of  the temperature mitigation 
capacity of  urban blue space – strength of  
evidence

This review was undertaken to compile current 
evidence for temperature mitigation effects of urban 
blue space as a possible support for the reduction of 
UHI and heat stress. All the papers analysed reported 
a reduction of temperature at urban blue compared to 
urban reference sites.

However, there are still far fewer studies on ur-
ban blue than on urban green. It was therefore neces-
sary to use the median ∆T rather than an arithme-
tic mean. The results of the studies were sometimes 
given as figures or graphs from which the data had 
to be extracted. Some studies had no urban refer-
ence sites, making it necessary to assign an urban 
reference site in the study data; i.e. murakaWa et al. 
(1991) measured the distribution of air temperatures 
at defined distances from two rivers. Although not 
explicitly mentioned, the farthest point of measure-

ment represented the central part of the city, which 
was taken as the urban reference site. Other refer-
ence sites contained non-urban sites (iSHii et al. 1991; 
niSHimura et al. 1998; SHudo et al. 1997), so that the 
cooling effects are expected to be higher if all non-
urban confounders are adjusted for. In all studies, ex-
cept HatHWay and SHarPleS (2012), no significance 
for ∆T was calculated. HatHWay and SHarPleS (2012) 
found ∆T to be significant, above all for periods with 
temperatures above 20 °C. 

There are multiple determinants for the tem-
perature mitigation effects of urban blue space. 
Environmental conditions from neighbouring areas 
like wind velocity, wind turbulence, wind direction, 
temperature and humidity affect the cooling range of 
urban blue space (CHen et al. 2009; murakaWa et al. 
1991; niSHimura et al. 1998; robitu et al. 2006). Due 
to differences in climatic conditions, setting scales, 
study designs, measurement methods and types of 
urban blue, we conceive that the studies are not en-
tirely comparable to each other. Compared to the re-
view on the temperature mitigation effects of green 
space (boWler et al. 2010b), a classification of blue 
space to date does not seem appropriate because only 
a few studies address this issue. 

The effect size of data retrieved by remote sens-
ing is higher than that drawn from on-site measure-
ments, because remote sensing measures surface 
temperature, including such surfaces as the centre 
of a large lake, where temperatures are not affected 
as much by the surrounding area as at the edge of 
the lake, and urban areas with concrete surfaces are 
known to have a much higher capacity for heat ab-
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Fig. 2: Temperature mitigation effects of  urban blue according to different target dimensions and subdimensions. The 
median temperature effect magnitude ΔT is calculated with the subtraction of  urban blue temperature from the urban refer-
ence site (Turban – Tblue). Therefore, a positive ΔT value in K indicates a cooling effect of  urban blue. The squares represent 
the median, the upper and lower dots the maximum and the minimum of  each category, respectively
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sorption (SPronken-SmitH et al. 2000). Additionally, 
on-site measurements indicate the temperature dur-
ing a whole day (including the night). Studies using 
remote sensing methods concentrated on daytime 
measurements, often just at a specific time like 12:00 
a.m., which is supposed to be the time when water 
reaches a high cooling capacity. This might also be 
the reason why ∆T derived from remote sensing data 
was higher than that derived from on-site measure-
ments. Furthermore, remote sensing measures tem-
peratures from places where people normally do not 
go or which they cannot reach during their everyday 
activities, and so cannot experience directly, thus re-
ducing the usefulness such measuring points have for 
humans and human health.

The location of the reference site compared to 
the urban blue site strongly influences the effect 
size of urban blue space found by the meta-analysis. 
niSHimura et al. (1998) chose a location 60 m from 
a fountain within a park as a reference site, whereas 
Huang et al. (2008a, b) chose the city centre.

Comparable study conditions differed consider-
ably, making it hard to eliminate confounders. Most 
of the studies were done in subtropical climates in 
Southeast Asia. Evidence for the cooling capacity 
of urban blue space in other climates and regions 
of the world remains weak. While the extrapolation 
of temperature mitigation by urban blue space from 
Southeast Asian climates to climates of for example, 
the Mediterranean is partly possible, conclusive data 
is yet to be found. 

Most of the studies were conducted during the 
warmest months on northern hemisphere (between 
May and October). For this review, this distortion was 
accepted by only retrieving summer data even if the 
study also reported effects from other seasons. Due to 
the lack of research on effects of urban blue space on 
temperature in other seasons (i.e., winter), only sum-
mer data was deemed suitable for the meta-analysis.

Weather conditions sometimes differed greatly 
from day to day regarding ambient air temperature, 
wind speed, wind direction, humidity, cloudiness, 
etc. This affected not only comparability between 
studies, but also data within a study. Although the 
studies chosen did not compare the absolute tempera-
tures of one day to another but temperature differ-
ences of an urban blue to a nearby reference site, dif-
ferent weather conditions could influence effect mag-
nitude. HatHWay and SHarPleS (2012) could clearly 
identify the effect size of urban blue space as being 
stronger on days with higher temperatures, summa-
rised in “consecutive periods >20 °C” (HatHWay and 
SHarPleS 2012, 19).

On the micro-scale, water is very stable under 
current weather conditions compared to concrete or 
lawn (Huang et al. 2008a) due to its greater ther-
mal capacity (Hou et al. 2013), but other conditions 
also influence the effectiveness of urban water. ∆T 
is highly related to current radiation conditions. The 
cooling effects of urban blue space depend on how 
radiant energy separates into heat fluxes (Sun and 
CHen 2012). With increasing global solar radiation, 
the temperature deviation between water and urban 
areas is stronger (iSHii et al. 1991). 

Wind speed and direction are important in 
spreading the cooling effect of urban blue space. 
Wind conditions can produce different patterns of 
temperature distribution, as can urban morphology 
(kim et al. 2008). Urban streets that run downwind 
or a public square on the edge of urban blue space 
have better thermal conditions than do obstructive 
streets (Han et al. 2011; HatHWay and SHarPleS 
2012). Some studies did not consider the spread of 
the cooling effect from water due to the wind field or 
the surface character. iSHii et al. (1991) found lower 
temperatures on the leeward sector of urban blue 
space. HatHWay and SHarPleS (2012) emphasized 
the importance of open spaces near urban blue sites 
for temperature distribution compared to enclosed 
or obstructive streets.

murakaWa et al. (1991) pointed out that the hori-
zontal influence of urban blue space on the microcli-
mate depends on the building density and the width 
of rivers and streets. Due to the often limited number 
of urban blue spaces in a city, this horizontal efficacy 
of cooling capacity is important. In the leeward di-
rection of a 127,000 m² pond in Fukuoka, Japan, iSHii 
et al. (1991) found an influence on the surrounding 
areas up to a distance of 400 m. Using remote sens-
ing data, Hou et al. (2009) calculated the mean of the 
maximum regulation distance of urban wetlands for 
the city of Beijing, China, which amounted to 267.34 
m. In a later follow-up study, Hou et al. (2013) identi-
fied a 300 m milestone up to which the influence of 
wetlands was significant. In streets up to 100 m wide 
and facing a river, murakaWa et al. (1991) observed 
horizontal cooling from urban blue space up to a dis-
tance of 400 m. In narrower streets (10 m wide) with 
heavy traffic, the horizontal cooling did not reach 
farther than 50–150 m.

Shading of urban blue sites by trees produces 
lower temperatures and improves the thermal en-
vironment (HatHWay and SHarPleS 2012; li et al. 
2011; robitu et al. 2006). The misting of water is 
effective for cooling as well. niSHimura et al. (1998) 
examined the effects of a fountain in a park in Osaka 
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( Japan). They observed a significantly higher cooling 
effect when the fountain was turned on rather than 
off, above all in the leeward direction (1.8 K com-
pared to 4.7 K).

Not all these determinants were considered in 
every study, researchers often only focused on those 
relevant to their specific research question. The com-
plex interaction of temperature mitigation effective-
ness of urban blue spaces still needs to be more thor-
oughly investigated.

Only two papers directly attributed thermal 
influence to urban blue space. iSHii et al. (1991) ex-
amined the thermal environment of a pond in the 
central park of Fukuoka, Japan, and could benefit 
from a governmental project to clean the sludge out 
of a pond, which induced a complete drainage. They 
then conducted studies in the period when the pond 
was drained and in the period the pool was re-filled 
with water. The temperatures of the water-drained 
case and the water-filled case were compared to ur-
ban reference sites, calculating an effect size. The 
subtraction of the effect sizes of water-filled and 
water-drained cases resulted in the isolated, absolute 
thermal effects of urban blue without urban green. 
On average, the temperature in the park with water 
was 0.4 K cooler than without it. Compared to the 
temperatures of the surrounding residential area, the 
park with water was 1.2 K cooler than that without.

In Seoul (South Korea), kim et al. (2008) con-
ducted a similar study where a channelled stream was 
to be restored in the central district. In this place, the 
UHI was normally the most intensive. Temperatures 
in the area were measured before, during and after 
the restoration of the stream over three years dur-
ing August in comparison to an urban reference site. 
The distribution of calculated effect sizes in the cen-
tral district before and after restoration could lead to 
a quantitative stream effect size. After restoration, 
the urban district was on the average 0.6 K cooler 
and 1 K cooler compared to the urban area 200 m 
distant. 

To get further insights into the effect of blue 
spaces on ambient air temperature, research needs 
to focus on factors like size, depth, width, etc. This 
also includes considering only blue spaces without 
confounding green spaces. This would require a de-
sign like those used by iSHii et al. (1991) and kim et 
al. (2008). The comparison of the same urban site 
with and without an urban blue site seems to yield 
the most reliable results. The impact of temperature 
influencing surroundings, like urban form, green 
space etc., is addressed in some studies (CHen et al. 
2009; HatHWay and SHarPleS 2012; Huang et al. 

2008a; katayama et al. 1991; li et al. 2011; SCHWarz 
et al. 2012; Sun et al. 2012), but further research is 
needed to derive reliable recommendations for ac-
tion or instructions for urban planning and public 
health actors.

We propose to investigate the impact of urban 
blue space on urban climate in other regions of 
the world, such as Europe, Africa, Australia or the 
Americas. Due to the low number of studies origi-
nating from these regions, the temperature effects 
are not precisely researched. This could also solve 
the problem that most of the studies were conducted 
in a subtropical climate. Taking other regions of the 
world into account would also allow for investigation 
of variation in different climate zones. The macro-
scale research levels were mainly performed using 
remote-sensing data. In order to give improved, 
evidence-based answers to the effect of urban blue 
space, on-site measurement studies on larger scales 
are necessary. 

Above all, under weather conditions with higher 
ambient air temperatures, as in an UHI, urban blue 
space can produce high cooling rates. In their me-
ta-analysis of 74 papers on the temperature effects 
of urban green areas, boWler et al. (2010b) found 
a cooling effect of 1 K. Urban blue space seems to 
have a higher cooling effect on ambient air tempera-
ture than urban green (∆T=2.5 K, n=27). Even fo-
cusing on data drawn from on-site measurements 
while disregarding remote sensing data, which show 
a higher ∆T, a stronger effect is found (∆T=1.9 K, 
min=0.4 K, max=5.4 K, n=18). The paired t test for 
n=12 on-site measurement studies providing Turban 
and Tblue showed a CI 95% between 1.6 and 3.3 K 
(p<0.01). Although the data basis for the calculation 
of ∆T is limited, the narrow CI 95% with the very 
high significance, the assumption of the alternate 
hypothesis in the paired t test and ∆T support the as-
sumption that urban blue space might have a greater 
cooling effect than urban green.

The most obvious environmental health impact 
is caused by temperature extremes of heat and cold. 
Ambient air temperatures are an important measure 
to depict health risks caused by urban climate (i.e. 
Human Thermal Comfort (HTC), Heat Stress Index 
(HIS), Physiological Equivalent Temperature (PET)). 
Although the ability of the human body to radiate 
heat is dependent on the ambient temperature, indi-
ces with additional factors like humidity or wind chill 
describe environmental stress much more accurately. 
Indices like the HTC or temperature humidity are 
commonly used by medical scientists. The strong-
est associations between heat and increased mortal-
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ity emerge within regions where heatwaves are rare 
and from people with predisposing factors like car-
diovascular disease (jendritzky 1993; meade and 
eariCkSon 2005; robine et al. 2008).

4.2 Implications

Extreme weather events like heatwaves can cause 
severe stress for urban dwellers, particularly for vul-
nerable groups like the elderly or children. Our review 
provides evidence for possible interventions in urban 
areas. The creation, maintenance and the reshape of 
urban blue can result in lower stress in extreme heat 
exposition times and consequently can enhance hu-
man health in urban areas. Urban blue is important 
for the local urban climate, due to its evaporation 
processes consuming thermal energy from ambient 
air. This causes a reduction of environmental tem-
perature especially in warmer periods. Integrating 
higher amounts of urban blue in a city can increase 
humidity and attain cooling effects. The redesign of 
urban blue space, i.e. reshaping water bodies or in-
stalling water dispensing facilities, can increase this 
effect (munlV nrW 2010). Additionally, as shown 
in some studies and not particularly considered in 
this review, water also has temperature-mitigating 
effects in winter, when surface water is warmer in 
relation to ambient air temperatures (i.e. murakaWa 
et al. 1991; SHudo et al. 1997). 

Due to the difficulty of introducing and main-
taining water bodies within a city, the construction of 
urban green seems to be an easier way of mitigating 
climate change effects, but the combination of ur-
ban blue and urban green space seems to feature the 
highest potential (HatHWay and SHarPleS 2012; li 
et al. 2011; robitu et al. 2006). New green areas with 
water bodies are an important issue for the urban cli-
matic environment. martínez-arrojo and jáuregui 
(2000) have already suggested the construction of 
small water bodies distributed all over Mexico City 
to improve climatic conditions. Administratively, 
addressing challenges of climate change needs the 
initiation of more integrative approaches regarding 
isolated effects of urban surface waters as well as 
surrounding buildings, accompanying urban green, 
air lanes etc. The interdisciplinary interaction of dif-
ferent sectors and sciences, e.g. public health, urban 
planning, landscape architecture and environmental 
planning as well as an optimal knowledge transfer 
from scientific research into practice and vice versa 
can help to formulate consistent strategies for han-
dling climate change in cities in the future.

5 Conclusions

Heatwaves are a major health concern in a 
changing climate in cities. This review focussed on 
studies investigating the climate mitigation effects 
of urban blue space. In summer, various types of 
urban blue space possess the capacity to cool the 
ambient air temperature. Extreme weather events 
like heatwaves, with the resulting heat stress for 
citizens are attenuated by urban blue space. This 
meta-analysis suggests an average cooling of 2.5 K 
for urban blue compared to urban reference sites. 
However some studies had limitations, namely 
they were based on remote sensing data, only rep-
resenting the temperature of large blue areas at a 
specific time, thus not representing the accessible 
parts of the city for urban residents. The studies 
were carried out mainly in subtropical climates and 
do not represent interventional studies.

Urban blue space needs to be monitored bet-
ter to provide more reliable data for meta-analyses. 
Forthcoming studies should be undertaken regard-
ing the various confounding and neighbouring 
environmental conditions to refine data so as to 
refer more precisely to urban blue space and thus 
strengthen the evidence. 

Another important question addressed by 
some studies concerns the effect of urban blue 
space on temperature according to the distance 
and size of urban blue space. The diffusion of dif-
ferent urban blue types is an important issue for 
urban and health planners and policy makers and 
should therefore be addressed in future studies.

The temperature mitigation capacity of water 
can reduce health risks caused by heat waves, al-
though the higher humidity caused by urban blue 
space must also be taken into account as a poten-
tial health risk as well as the emergence of possible 
vector-borne infectious diseases. To create healthy 
environments in the city of the future, a better un-
derstanding of the capacity of urban blue space is 
needed to offer opportunities for action. 
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