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Abstract

Cities are found warmer than in nearby surrounding rural areas due to change in surface properties and 
lack of evaporation, indicated as urban heat island (UHI). On the other hand, bodies of water have been 
known to generate a positive impact on the urban microclimate by maintaining a cooler thermal en-
vironment. Although researchers have been conducted many experiments and measurements to il-
lustrate its potential benefits, most of them are studied in terms of its capacity to ameliorate the air 
temperature. In this paper, the benefits of urban water bodies are evaluated regarding their radiation 
properties. With the main objectives to find a novel approach to take advantage of urban water bodies’ 
abilities to improve the urban thermal environment, a series of field measurements have been conduct-
ed inside an urban scale model. Generally, the measured long-wave and short-wave radiation within 
the urban canyon shows that bodies of water tend to absorb and store more heat, which in turn gener-
ate lower surface temperature as compared to those flat concrete surface.
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Promoting Urban Water Bodies as a Potential 
Strategy to Improve Urban Thermal Environment

Introduction

Cities tend to experience a warmer thermal environ-
ment than their surrounding areas due to their urban 
surface properties, creating well-known Urban Heat 
Island phenomena (UHI). Among many factors con-
tributing to its formation, UHI is mainly caused by a 
large variety of land use, such as urban geometry and 
urban fabric. These factors create distinctive thermal 
characteristics that differ from those found in rural 
areas (Landsberg, 1981; Paramitha & Fukuda, 2014; 
Paramita & Matzarakis, 2019; Akbari & Kolokot-
sa, 2016). The lack of evapotranspiration and domi-
nance of hard surface affect the storage and trans-
fer of radiative heat that alters the radiation balance. 
Which in turn, increased absorption of radiation and 
sensible heat released by urban structures result in a 
warmer air temperature in cities (Harman & Belch-
er, 2006). UHI is also known to contribute to various 
urban problems such as high energy consumption, 

thermal discomfort, deterioration of health and well-
being (Chao et al., 2020; Varquez & Kanda, 2018; Tza-
vali et al., 2015). While these artificial surfaces tend to 
negatively affect the microclimate (i.e., surface tem-
perature and air temperature), urban greens and ur-
ban blues have favourable impacts by ameliorating the 
UHI effect through creating cooler spots and comfort-
able spaces (Gunawardena et al., 2017; Amani-Beni et 
al., 2018; Völker et al., 2013; Li & Yu., 2013). 

Especially of bodies of water located in towns and 
cities, many researchers have found that its ability to 
ameliorate the air temperature is prominent, especial-
ly during the day (Jacobs et al., 2020; Syafii et al., 2017; 
Jin et al., 2017; Gross., 2017). Correspondingly, its sur-
face temperature is also lower than those found in the 
surrounding urban fabric, primarily due to evapora-
tion cooling (Lin et al., 2020). In particular, evapora-
tive cooling from bodies of water is considered a com-

mailto:nedyomukti%40ugm.ac.id?subject=


Promoting Urban Water Bodies as a Potential Strategy  
to Improve Urban Thermal Environment

114 Geographica Pannonica • Volume 25, Issue 2, 113–120 (June 2021)

mon form of passive cooling. The thermal environment 
around and above the body of water is somewhat dis-
tinctive from that of the concrete ground due to chang-
es in the way the water cools and heats. Bodies of water 
are considered great absorbers, but they also show lit-
tle thermal response due to their distinctive character-
istics (Oke, 1987; Pearlmutter et al., 2009). Body of wa-
ter allows the transmission of radiation wave to enough 
depths while the existence of convection permits the 
heat gain to diffuse through large volume. Body of wa-
ter also has unlimited moisture for evaporation, which 
provides an efficient latent heat sink. Lastly, water bod-
ies have a relatively exceptional large thermal capaci-
ty as compared to the concrete surface (Gunawardena, 
2017). Regarding surface energy balance, where bodies 
of water within the urbanized area are usually found 
to swallow, the radiation exchange is expected to dom-
inate the energy budget during low wind speed condi-
tions (Van Hove et al., 2015). These features are likely to 
make the surface temperature of bodies of water cold-
er than those found on the ground, resulting in a cool-
er air temperature above the bodies of water. These re-
ductions of temperature are most likely to illustrate the 

act of bodies of water as a thermal buffer due to its rel-
atively larger thermal inertia (Ampatzidis & Kershaw, 
2020). Due to cooling by evaporation, the process rais-
es the latent heat portion of the surface energy balance 
and impacts the other energy portion (i.e. sensible heat 
and stored energy). These continuous processes in-
crease the latent heat, reduce the stored energy’s mag-
nitude, and eventually lower its immediate surround-
ing air temperature.

Thus, the present study aims to evaluate these cool-
ing benefits in regards to their radiation properties. A 
series of field measurements were conducted inside an 
outdoor scale model, namely COSMO (Comprehen-
sive Outdoor Scale Model), to make an apparent ex-
tent of the bodies of water cooling effect. The COSMO 
generic form provides an effective evaluation tool for 
microclimate study within a relatively uniform area. 
Compared with more complex real-world conditions, 
the scale model field measurements yields results that 
are easier to interpret and suitable for assessing ur-
ban microclimate. (Kanda, 2006; Kanda et al., 2007; 
Kawai & Kanda, 2010a; Kawai & Kanda, 2010b; Park 
et al., 2012).

Study area and methodology

With the main objectives of finding a novel approach 
to take advantage of urban water bodies’ abilities to 
improve the urban thermal environment, a series of 
radiation exchange measurements was performed 
within the outdoor scale model canyon. The field 
measurement was conducted during the summer sea-
son of 2016 alongside the other thermal assessment 
and evaluation (Syafii et al., 2017). COSMO (Figure 1) 
is a 1:5 scaled-down simplified residential district in 
Japan that consists of a cubical array of 512 concrete 
cubes situated in Saitama Prefecture, Japan (Kanda, 

2006; Kanda et al., 2007). The concrete cubes are 1.5 
m × 1.5 m × 1.5 m each, painted dark grey and hollow. 
They are arranged in a lattice-type square with inter-
vals of 1.5 m, creating urban canyon-like formations. 
The outdoor scale model’s ability to recreate thermal 
patterns similar to actual urban conditions shows a 
promising way to study under actual climate condi-
tions comprehensively.

The three-dimensional (3D) short-wave and long-
wave radiation within the outdoor scale model can-
yon were measured with a net radiometer to achieve 

Figure 1. COSMO (Comprehensive Outdoor Scale Model), Saitama, Japan
Source: https://www.google.com/earth/ (left image)

https://www.google.com/earth/
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the study’s objectives, utilizing a simplified inte-
gral radiation measurement process. The radiation 
properties of a canyon with bodies of water is com-
pared to a non-water condition. The body of water 
is in the shape of a 1.5 m × 0.5 m water pond. Fig-
ure 2 illustrates the experimental setting for the ra-
diation exchange measurements. The Net Radiome-
ter (Eko MR-60) monitored four different radiation 
components (incoming and outgoing radiation flux-
es, both long-wave and short-wave) and placed on a 
tripod (40 cm above the ground). The data was col-
lected once every 10 sec for two days on a typical hot 
summer day.

Concurrently, the experimental study also mon-
itors both (water and concrete) surface temperature 
alongside the integral calculation of radiation. A ther-
mal camera unit (infRec R500 pro) was used to cap-
ture both surface temperature. During the monitor-
ing process, the thermal camera unit was shielded 
with a custom build polyurethane box to restrict the 
effect of other surface-related radiation (Figure 3). 
These supplementary measurements were utilized to 
determine the correlation between the integral radia-
tion measurement result and the difference in the sur-
face temperature value, which might illustrate the in-
direct cooling effect of bodies of water. 

Figure 2. Experimental studies arrangement on the radiation exchange

Figure 3. Surface temperature monitoring equipment and setting
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Results and discussion

The experimental study objective is to better under-
stand the general effect of bodies of water toward ur-
ban microclimate in regards to its radiation proper-
ties. The following discussion reports the monitored 
radiation exchange and surface temperature above 
two different surfaces modification, namely water 
pond and concrete ground, during the summer sea-
son in Japan. The hourly average of the measured in-
cident radiation (long-wave, Lw, and short-wave, Sw, 
radiation) above the concrete ground and the pond 
is shown in Figure 4, respectively. The “down” rep-
resents the direction where the incoming radia-
tion comes from the concrete floor or water surface, 
whereas “up” means the incoming radiation from 

the sky. On the other hand, the incoming radiation 
from the short axis and the long axis, relative to the 
COSMO canyon will be denoted as SW–NE (South 
West – North East direction) and SE – NW (South 
East – North West direction) as shown on Figure 
1. Additionally, the radiation properties are follow-
ing the spatial variation of radiation balance on high 
latitudes of Japan, where they might be experienc-
ing deficit net radiation (Dingman, 2014). Regardless, 
this paper focuses more on the distinctive profile of 
radiation exchange between two different surface 
conditions, water and concrete, inside an urban can-
yon. The result hopefully shows the potential bene-
fits of having bodies of water in cities.  

Figure 4. The above-the-concrete-surface (a) and above-the-water-pond (b)  
measured Short-wave - Sw and Long-wave - Lw radiation (hourly averaged)
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For the most part, similar diurnal trends exist on 
both radiation profile. The incoming short-wave ra-
diation (Sw) from the up direction (the sky) and the 
long-axis of COSMO was prominent during the day. 
The Sw, which is mainly composed of the direct com-
ponent of the incoming radiation, seems to be asso-
ciated with the degree of openness relative to the sky. 
These incoming radiations show higher value than 
those incoming radiation from the immediate wall 
or the short-axis (i.e., SW and NE direction). On the 
other hand, the incoming long-wave radiation (Lw) 
from below (i.e., the ground surface) was found to be 
stronger than the other portion of recorded Lw ra-
diation. These findings suggest that the ground sur-
face tends to release more heat as a consequence to 
have more exposure relative to the sky. The Lw, which 
mainly shows the conduction and convection por-
tion of the re-radiation from the stored heat, tends 
to release exceptional heat if the surface or the ur-
ban element absorbed more heat. These tendencies are 
comparable to the Sw profile, where the monitored ra-
diation coming from the long axis has shown stronger 
intensities than the radiation coming from the COS-
MO wall. These patterns further emphasized that the 
radiation exchange within the urban canyon was pri-
marily generated by the sky and the ground part rath-
er than by the vertical canyon surfaces. That further 
highlights the vital role of ground surface alteration 
in towns and cities for a better thermal environment. 
These thermal characteristics are also observed with 
those obtained from the numerical model, where the 
local sky view primarily influences the outgoing Lw 
(Harman & Belcher, 2006).

While both surfaces have similar daily patterns, the 
intensity of the measured radiation is of different sig-
nificance. Figure 5 illustrates the difference between 

the recorded radiation component from above the 
concrete surface relative to the pond to further un-
derstand the phenomena. The radiation portion from 
the sky was omitted from the analysis, assuming that 
the values are the same. In the graph, the positive val-
ue implies that the radiation component coming from 
the concrete surface is relatively stronger, and the neg-
ative value illustrates the opposite. Overall, the chart 
shows a fluctuating short wave differential (ΔSw) val-
ue yet more constant in the long-wave differential 
(ΔLw) value. The ΔSw profile indicates that under all 
conditions, with or without a water pond, the Sw radi-
ation portion tends to have the same state during the 
night when there was no sunshine. In the daytime, it 
was relatively fluctuating, with most of the Sw com-
ing from the long canyon axis when there was no wa-
ter pond, especially during the morning time. Howev-
er, when the pond was present, the Sw was primarily 
recorded coming from the water at the end of the day-
time period. The findings suggest that the pond tends 
to reflect the Sw radiation component, especially when 
the angle of the incident light was relatively high, cre-
ating fluctuating radiation properties. 

Furthermore, the calculated ΔLw profile suggests a 
stronger radiation intensity above the concrete surface 
during the day, especially the radiant portion coming 
from below. The concrete ground appears to release 
greater radiation in comparison to those coming from 
the pond. Also, the rise in the calculated ΔLw value 
tends to be associated with direct radiation from the 
sun. The recorded high value of long-wave radiation 
difference in the daytime period might indicate the 
capacity of the pond to store and retain notable heat. 
In contrast, the concrete surface tends to release the 
radiation back to the atmosphere immediately. Due 
to water availability, Lw above the water ponds also 

Figure 5. The difference of measured short-wave (ΔSw) and long-wave (ΔLw) radiation  
above the concrete ground relative to the pond
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comes in the form of latent heat flux from the evapo-
ration process, which considers beneficial to the ur-
ban thermal environment (de la Flor & Domínguez, 
2004; Robitu et al., 2006; Dingman, 2014).

Meanwhile, as the heat begins to re-radiate from 
the surfaces in the nighttime period, the monitored 
ΔLw indicates a declining trend towards sunrise. Even 
though the concrete surface has a relatively high radi-
ation value, the pattern suggests that the heat intensity 
generated by the pond appears comparatively stronger, 
which compensates for the high Lw radiation record-
ed coming from the ground concrete surfaces. There 
is a possible warming effect due to the water pond’s 
presence, as found by (Steeneveld et al., 2014; Theeu-
wes et al., 2013). Still, the radiation profile shows that 
the water pond seems to perform better than the con-
crete surface regarding the undesirable excess of heat. 
These tendencies lead to lower re-radiation and trap-
ping of heat inside the urban canyon.

This radiation profile, which was produced from 
different surface conditions, was naturally convert-
ed into different surface temperatures (Ts). Lower heat 
release from the water surface would result in cooler 
surface temperatures (Robitu et al., 2006). As seen on 
the monitored Ts (Figure 6), the recorded water Ts can 
be up to 14 °C cooler than the concrete surface in the 
daytime period. Under this ideal condition, the low-
er Ts could also mean reducing the availability of la-
tent heat flux, which might reduce the cooling effect 
(Gunawardena, 2017). However, the diminishing pat-
tern of Ts during the nighttime period tends to match 

the diminishing trend of Lw, which most likely indi-
cates that the most crucial element in the fluctuation 
of surface temperature within an urban canyon is the 
long-wave radiation component. These findings fur-
ther suggest that the ability of the pond to regulate the 
radiation exchange could ameliorate the surface tem-
perature, which in turn benefits its surrounding mi-
croclimate by creating a cooler air temperature.

Conclusion

The mitigation capacity of bodies of water shows po-
tential benefits in improving the thermal environment 
in towns and cities. Generally, water not only aesthet-
ically pleasing but could increase the thermal quali-
ty of urban microclimate. Primarily through evapo-
ration, bodies of water ameliorate the warm urban air 
temperature. The evaporation process alters the radia-
tion exchange and surface energy balance by cools its 
surface temperature, thus creating a beneficial ther-
mal environment.

With a focus on the quantitative analysis, the 
monitored long-wave (Lw) and short-wave (Sw) ra-
diation within the urban canyon illustrate a phe-
nomenon where water bodies tend to absorb and 
store more heat than flat concrete surfaces. The ex-

perimental study result confirms the degree of the 
pond impact on the radiation properties within the 
urban canyon, creating notable cooler surface tem-
peratures. These findings provide a future possibil-
ity of altering urban water bodies’ ability to modi-
fy their radiation properties by changing their heat 
capacity (i.e., maintaining lower water temperature, 
increasing water mass, etc.). These physical parame-
ters, which can be controlled by preserving positive 
responsiveness to heat, should be taken into consid-
eration when bodies of waters are built to mitigate 
the severe impact of UHI. Such results also indicate 
that bodies of water should be integrated into future 
planning and design in towns and cities to enhance 
the quality of the thermal environment. 

Figure 6. The comparison of measured surface 
temperature (Ts) of water and concrete (hourly average) 

taken from the thermal camera
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