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One of the processes by which open water cools the air during hot summer days is by

storing the heat and increasing its own temperature. This heat is then released at night.

The aim of this paper is to analyze this cooling process by quantifying the magnitude of

turbulent, latent and sensible, heat fluxes in comparison to radiative and ground fluxes. A

detailed vertical temperature profile was measured in an urban pond (∼70 cm deep with

surface area of 3,627 m2) in Delft (NL) using Distributed Temperature Sensing for a period

of one month. The results show that, from the total of 2.7 MJm−2 of heat released by the

pond on an average summer night, 43% of the thermal energy is emitted as longwave

radiation, 39% as latent energy, and only 11% as sensible heat. An additional 0.10–0.32

MJm−2 is transferred into the bottom of the lake. Temperature distribution and cooling

of the water profile is influenced by weather conditions during the preceding day. This

paper provides an insight into a behavioral pattern of an urban pond at night. The results

can shed some light into the potential of urban bodies to increase the air temperature of

their surroundings at night.

Keywords: Distributed Temperature Sensing, energy balance, Urban climate, Water temperature regime,

Evaporation

1. INTRODUCTION

High air temperatures can have a negative effect on human health and well-being. Several studies
have shown that higher temperatures can lower the quality of sleep, and increase the risk of
respiratory illnesses and cardiovascular mortality (e.g., Patz et al., 2005; Tan et al., 2007). Impact
of extreme heat on humans is especially visible in cities, because urban areas generally experience
higher temperatures than rural areas. SuchUrbanHeat Islands (UHI) aremostly caused by different
heat capacities and albedo of urban surfaces, lower evaporation, anthropogenic heat production,
and the specific geometry of street canyons (Oke et al., 1991; Lee, 1993; Ryu and Baik, 2012;
Gago et al., 2013).

One of the possible ways to decrease air temperature in the urban environment is to increase
evaporation by open water, such as ponds, channels, or fountains. Comparative studies have shown
that from all the urban land use types, open water is the most efficient in reducing UHI at a local
scale (e.g., Rinner and Hussain, 2011; Olah, 2012). Already a small pond can reduce temperature
in its surroundings up to several degrees (Halper et al., 2012), especially in the morning, when
the evaporative cooling effect is the strongest (Hathway and Sharples, 2012). Most pronounced
influence of open water on temperature was measured close to the shore (Xu et al., 2010) and an
effect of a big enough lake can be observed even at several kilometers (Theeuwes et al., 2013). Several
studies agreed that proximity to open water dampens the diurnal temperature pattern (e.g., Wang
et al., 2011; Theeuwes et al., 2013; CPC-Consortium, 2014; Steeneveld et al., 2014).

Strongest UHI is generally measured at night (Oke, 1982). Although the absolute temperatures
are lower at night, the differences between urban and rural temperatures are at its maximum.
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In contrast to their daytime cooling effect, urban water bodies
might contribute to higher air temperatures at night(Albers et al.,
2015). Water has a high thermal inertia, which causes water
bodies to have relatively high temperature at the end of a night
compared to other urban land use types (Oswald et al., 2012; Yang
and Zhao, 2015). Nonetheless, some studies concluded that water
bodies provide cooling effect also at night, although to a limited
extent (Coutts et al., 2012; Syafii et al., 2016).

The way urban water bodies influence air temperature at
night has not been extensively studied so far and reported
measurements show contradictory results. A comprehensive
literature review by Manteghi et al. (2015) identified a lack of
research about the potential night-time heating effect of urban
water bodies, and a need for understanding the mechanisms.

This research aims to contribute to the understanding of
thermal behavior of an urban pond during summer nights.
This paper provides an analysis of temperature measurements
and meteorological data from an urban pond in Delft, The
Netherlands. We quantify the energy balance over the night,
hence the magnitude of turbulent, sensible and latent, heat fluxes
in comparison to radiative and ground fluxes, and the total
decrease in temperature of the water.

2. METHODS

2.1. Measurement Location
Themeasurements took place from 12 July till 7 August, 2014 in a
shallow urban pond in Delft, The Netherlands (52.007◦ N, 4.375◦

E). The climate of The Netherlands is a moderate oceanic climate
with summer starting in June and ending mid-late September.
We chose a representative urban setting with an office building to
the north and a residential building to the south. Several family
houses with small gardens were located in the north-western
direction from the setup and to the east was a quiet street with
four floor residential buildings. The water was highly turbid and
stagnant, except for rain conditions when the runoff from the
streets was redirected to the pond. Water depth was∼70 cm and
the average area of water surface is 3,627 m2. The bed of the pond
was covered with a soft layer of decomposing leaves. The pond
had grassy embankments.

A vertical temperature profile was measured in the pond using
Distributed Temperature Sensing (DTS). DTS is based on the
backscatter of a laser beam traveling through a fiber optic cable
and can be used for high-resolution temperature measurements.
More information about this method can be found in Selker et al.
(2006) and Tyler et al. (2009).

A downside of DTS is that during daytime, this method
can lead to inaccuracies in temperature measurements due
to incoming solar radiation (Hilgersom et al., 2016). For
nighttime measurements, this is not a problem. Additionally,
the measurement setup was shaded during the early morning
hours and late evening. The late-evening shading ensured that
the construction was not heated by the incoming solar radiation
after sunset (Hilgersom et al., 2016).

Two DTS setups were placed in the north-east corner of
the pond, each in the form of a 200 cm long transparent PVC
tube with a diameter of 11 cm. To ensure ventilation, four 2

cm diameter holes were drilled every 6–8 cm in the tube. An
optical cable was wrapped around the perforated tube with 0.50
cm spacing (see Figure 1). Temperature was measured every
5 min using a Silixa Ultima (Silixa Ltd., Hertfordshire, UK)
with 0.126 m sampling resolution. Resulting measured vertical
resolution of the described set-up was 0.18 cm. One column
(right one in Figures 1a,b) was used for the analysis. The other
column was used to study potential spatial differences in the
pond. Temperature differences between the two measurement
columns can be found in Supplementary Material. All data can
be accessed at 4TU repository (Solcerova et al., 2017).

A fully equipped HOBO weather station (Onset Computer
CO., Bourne, MA, USA) was placed in between the two DTS
columns. A full set of atmospheric variables was monitored
during the whole experiment including atmospheric pressure, air
temperature, relative humidity, wind speed and wind direction,
and precipitation. Additionally, incoming and outgoing short-
and long-wave radiation was measured using a CNR4 radiometer
(Kipp & Zonen, The Netherlands).

2.2. Analysis Methodology
The analysis focuses only on the night-time. Night-time was
defined as the time when incoming shortwave radiation equalled
zero for all the days of the measurement period. After adjusting
for different sunset and sunrise times the night was defined as the
period between 23:00 and 5:00 CEST.

Conditions above an urban pond at night are predominantly
unstable; the water is warmer than the air. On top of that, during
our experiment the wind speeds were very low, on average 1.0
ms−1. Due to these circumstances the standard calculation of
sensible and latent heat flux using bulk aerodynamic method
(Hicks, 1975) was not possible. The wide scale of measured
meteorological variables and a detailed temperature profile
allowed us to calculate the Bowen ratio [B [−], Bowen, 1926; Barr
et al., 1994] and subsequently derive the turbulent fluxes.

B =
H

E
(1a)

B =
Cp(Tws − Ta)

λ(qs − qz)
(1b)

where H [Wm−2] is the sensible heat, E [Wm−2] is the latent
heat, Cp = 1006.43 J kg−1K−1 is the specific heat of air, λ is the
latent heat of evaporation of water [J kg−1], Ta is air temperature
[◦C], Tws is water surface temperature [◦C], qs is saturated
specific humidity at water-surface temperature [kg kg−1], and qz
is specific humidity [kg kg−1]. λ, qs, and qz were calculated for
each time step (Abbasi et al., 2017).

λ = 2.501 ∗ 106 − 2361Ta (2)

qs =
0.6108esat

Patm
(3)

qz =
0.6108ea

Patm
(4)
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FIGURE 1 | (a) Positioning of measurements in an urban pond in Delft, and detailed scheme of the DTS measurement setup. (b) View of the setup from the western

shore of the pond. Water depth is about 0.7 m, the columns reached about 0.2 cm into the mud and leaves layer at the bottom of the pond.

where esat [kPa] is saturated vapor pressure, ea [kPa] actual vapor
pressure, and Patm [kPa] is atmospheric pressure. esat and ea were
calculated using Tetens equation.

Additionally, water surface temperature was calculated from
measured outgoing longwave radiation using Stefan-Boltzmann
law. Although it would be potentially possible to use DTS setup,
surface temperature as measured by DTS is subject to complex
small scale convective processes (Solcerova et al., 2018). For this
reason, surface temperature as measured by outgoing longwave
radiation, which integrates over a large area, is seen as more
robust and is used throughout this paper.

Tws =
4

√

Rlout

σǫ
(5)

where Tws the surface temperature [K], Rlout is the measured
outgoing longwave radiation [Wm−2], ǫ = 0.98 [–] the emissivity
of water (Wen-Yao et al., 1987), and σ = 5.67*10−8 Wm−2K−4

the Stefan-Boltzmann constant.
Some of the measured outgoing longwave radiation will be

incoming longwave reflected by the water surface, which has an
albedo of (1-ǫ). It is difficult to come to an accurate estimate
of this part of the radiative balance because the surrounding

buildings make for a geometrically complex surrounding. Typical
night-time values of outgoing and incoming longwave radiation
were 420 Wm−2 and 360 Wm−2, respectively. If we assume no
net directional effects, (1-ǫ) = 2% of the incoming longwave
radiation, or 7 Wm−2, should be subtracted from Rlout in
Equation 5. This falls well within the 4% accuracy of the
radiometer, so we have not taken this effect into account, but
there could be an average over-estimation of up to 1.2◦C.

For this analysis, we assume closure of the energy balance
between the amount of energy that was recorded as a temperature
decrease over the whole water depth over night-time (Qwater)
and the outgoing radiative (Rnet), turbulent (H and E), and
ground (G) fluxes (all fluxes are in [Wm−2]). The overview of
the different fluxes can be found in Figure 2.

− Qwater + Rnet −H − E− G = 0 (6)

so we define Qres as

Qres = −Qwater + Rnet − G = H + E (7)

for which

Qwater =
1T

1t
mCp (8)
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where m is the mass of water and 1T = Tmorning − Tevening .
For shorter time periods (the measurements were taken with 5
min time steps) the assumption of closure over the whole water
depth becomes less reasonable. To establish hourly energy fluxes,
we have used the observed temperature change for each hour of
the night to calculate Qwater and used this in calculation of the
hourly turbulent heat fluxes. Water depth was taken from the
DTS temperature measurements for each time step.

The net radiation energy flux over night was calculated as the
difference between incoming and outgoing longwave radiation
(Rnet = Rlin − Rlout [Wm−2]). As Rlin was always smaller than
Rlout above the pond at night, hence net radiation resulted
in negative values. Shortwave radiation was considered, and
confirmed by measurements, to be zero at night.

The sensible and latent heat flux can be derived from the
Bowen ratio as follows:

E =
Qres

1+ B
(9)

H =
Qres

1+ 1
B

(10)

Ground heat flux (G [Wm−2]) was calculated from the slope of
the temperature gradient of the lowest 10 cm using

G ≈ Kmud
1T

1z
(11)

where Kmud = 2.2 Wm−1K−1 is the thermal conductivity of wet
soil [recommended estimate for when detailed information about
the soil is not available; (Farouki, 1981)], 1z = 0.1 m, and 1T is
a temperature difference [K].

Advection was considered irrelevant most of the time due to
stagnant water conditions. Potential exceptions are two nights
with heavy rainfall (07/20 and 07/28) when there was an influx
of cold water and a peak in water level.

3. RESULTS

Figures 3a,b show the weather conditions at the measurement
site. There is a gap in the dataset on 07/25 because of power
failure. During the measurement period the conditions were
mostly sunny with few cloudy days, and only two days with an
overcast sky (07/21 and 08/06). Air temperatures varied between
15 and 34◦C for daytime, and 15 and 27◦C for night time
(Figure 3b). Wind speed reached highest values at night, while
during the day, the conditions were often windless with average
wind of 0.3 ms−1 (Figure 3a).

Figure 3c shows 5 min temperature measurements taken by
the DTS setup for both water and air. Recorded profiles in both
set-ups were very similar. A diurnal pattern is clearly visible for
both air and water, although fluctuations in water temperature
are not as strong. Increase in water level is visible after the two
heavy rainfall events on 07/20 and 07/28.

In order to derive the latent and sensible heat flux using
Equations 7 and 9, we needed to first calculate the radiative

FIGURE 2 | Schematic representation of all heat fluxes influencing the balance

of an urban pond at night. Qwater represents the heat released by the pond

over night as defined by integrating over the temperature change between

evening (Tevening) and morning (Tmorning) temperature. We define upward

turbulent fluxes (E and H) as positive and downward as negative. Ground flux

(G) and the net radiation are defined as positive in downward direction. This is

consistent with the consensus of flux sign based on its direction.

flux (Rnet), the ground flux (G), and the net change in heat
storage in the pond (Qwater). The resulting fluxes can be found
in Figures 4a,b. The results in Table 1 show than on average
43% of the heat is lost through radiation and 7% is transferred
downwards and stored in the muddy underlayer, leaving 50% of
the energy available for turbulent fluxes (Qres).

Second, the Bowen ratio was calculated (Figure 5). The
nighttime values ranged form -0.07 and 0.46 with average of 0.27.
The calculated values of sensible heat flux were, therefore, on
average about four times smaller than latent heat flux, meaning
that four times more heat was used for evaporation than was used
for heating the air. The results suggest that, on average, 39% of the
available energy was released by latent heat flux and only 11% in
the form of sensible heat. Day-to-day ratio of the fluxes, however,
varied. Sensible heat varied between 1% (07/19) and 20% (07/22).
Latent heat flux made up between 20% (07/18) and 69% (07/20)
of the total thermal energy emitted.

The ratio of the turbulent and the radiative fluxes is strongly
dependent on the meteorological conditions and climate of the
location. For arid areas, the evaporative cooling can reach up
to 57% of the total net cooling (Ali, 2007). Measured values of
up to 69% of latent heat compared to other fluxes suggest that
the warm dry air in the urban area can create a night-time oasis
effect above an urban pond. The influence of meteorological
conditions on Bowen ratio is easily visible during and after the
heat wave (07/17 – 07/19). During the heat wave the Bowen ratio
reaches the lowest values. This is due to increase in evaporation
in combination with the relatively cold water surface compared to
the air temperature; low sensible heat. Contrastingly, right after
the heat wave, when the water temperature is relatively warm, the
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FIGURE 3 | Measured variables for the whole period. (a) wind speed, (b) air temperature and radiation, 2 and 1.5 m above the water surface, respectively, (c) water

and air temperature measured by the setup.

FIGURE 4 | (a) Fluxes at the water surface in Wm−2 at the night-time (23:00-05:00). E and H are positive in upward direction (from water to air), while Rlnet is positive

in downward direction (from air to water) due to different definition of turbulent and radiative fluxes. (b) Ground flux from water to the bottom of the pond (positive in

downward direction). (c) Sums of the different fluxes over each night in MJm−2.

Bowen ratio peaks and stays relatively high during both day and
night (07/20 – 07/22).

As Qwater resulted from integrating the temperature change
over depth, temperature changes in deeper layers (Figures 6, 7a)
of the pond provide an extra insight into themechanism of night-
time cooling of this urban pond and are vital for understanding
the results presented in Figure 4. Both the instantaneous values
of surface fluxes (Figure 4a), as well as the net temperature

change overnight (Figure 4c), are dependent on the weather
conditions during the previous day.

The type of profile typical for nights following a relatively
cloudy or cold day is shown in Figure 7b. Water temperature
change during these nights was gradual and equal for the whole
profile. Close to the bottom of the lake, where the muddy layer
begins (ca 10–15 cm from the bottom), the temperature wasmore
stable and did not change much in the course of one night. The
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TABLE 1 | Ratios of different fluxes with Qwater (flux/Qwater ) for each day of the measurement period.

13-jul 14-jul 15-jul 16-jul 17-jul 18-jul 19-jul 20-jul 21-jul 22-jul 23-jul 24-jul

RL 0,38 0,34 0,39 0,45 0,57 0,66 0,53 0,13 0,33 0,20 0,58 0,40

LE 0,39 0,42 0,43 0,39 0,27 0,20 0,34 0,69 0,42 0,55 0,27 0,44

H 0,12 0,13 0,13 0,12 0,08 0,04 0,01 0,12 0,13 0,20 0,05 0,08

G 0,10 0,10 0,05 0,04 0,07 0,10 0,12 0,06 0,11 0,06 0,11 0,07

26-jul 27-jul 28-jul 29-jul 30-jul 31-jul 1-aug 2-aug 3-aug 4-aug 5-aug 6-aug

RL 0,34 0,28 0,27 0,66 0,52 0,53 0,59 0,48 0,43 0,23 0,53 0,46

LE 0,47 0,47 0,49 0,20 0,33 0,33 0,29 0,37 0,41 0,55 0,31 0,39

H 0,13 0,16 0,15 0,059 0,10 0,11 0,07 0,08 0,10 0,17 0,12 0,09

G 0,06 0,09 0,09 0,07 0,04 0,03 0,05 0,07 0,06 0,05 0,04 0,05

FIGURE 5 | Bowen ration for night time.

surface energy balance during such nights occasionally resulted
in negative latent and sensible heat flux values for the last hour
of the night (e.g., 07/29). This was caused by the assumption of
energy balance closure on hourly basis, and the combination of
only small decrease in water temperature (Qwater) and longwave
radiation being still relatively high.

Second type of net temperature change profile (Figure 7c)
usually follows warm days with a clear sky, for example 07/18
(Figure 3). High turbidity of the water in the pond caused that
only about half of the water profile experienced increase in
temperature during the day. This resulted in a high temperature
difference between the top layer (25.2◦C) and the bottom layer
(20.8◦C) of the water at the beginning of the night. Energy
for heating up the lower layers of water and the bed sediment
was extracted from the top layer of water leaving less energy
available to be released to the air. This situation is mainly visible
during the first hour of the night, when the total temperature
change in the water profile (Qwater) is close to zero, while the
net longwave radiation is about –50 Wm−2. As energy balance
closure is assumed over each hour, the surface fluxes distribution
in Figure 4a shows a negative sensible and latent heat flux. A
similar, but more extreme, situation is visible also the following
night (07/20).

The bottom 10 centimeters of the temperature profile
represent the bed of the pond. Figure 6 shows that the bottom
of the pond had always the lowest temperature of the whole
profile. The lowest 10 cm of the profile always experienced a
temperature gradient from warmer layers above, to the cold
bottom of the pond. Above the lowest 10 cm was a transition
layer of loose mud that functioned as a temperature buffer. This
buffering is clearly visible in temperature profiles from nights

following cold cloudy days (especially 07/31, Figure 6). In the
evening of those nights, the buffer layer had a temperature similar
to the water, but did not cool at the same rate, staying relatively
warm compared to both the water and the bed. This difference
in thermal behavior of this layer is probably caused by different
composition of the mud with a high percentage of decomposing
organic matter.

4. DISCUSSION

The Bowen ratio used in this research (Equation 1) assumes
equal transfer coefficients for water vapor and heat, which may
not be a valid assumption away from neutral conditions. This
is known as the β closure method (Green et al., 1994) and has
been widely used (e.g., Hoedjes et al., 2002; Solignac et al., 2009;
McJannet et al., 2011; Schilperoort et al., 2018). This method
assumes that the air temperature is measured above the water
surface, close enough not to be influenced by other variables
(Bink, 1996), which was the case for this research. Relatively
homogeneous air temperature profiles above water level are also
visible in Figure 3c.

Uncertainty in the ground flux calculation is introduced by
the choice of thermal conductivity of wet soil. 2.2 Wm−1K−1 is a
value commonly used, when soil analysis is not possible (Farouki,
1981), however the values of thermal conductivity of wet soil
vary between 1.5 and 2.5 Wm−1K−1 (Kersten, 1949; Johansen,
1977; Côté and Konrad, 2005), or even up to 6 Wm−1K−1

for saturated quartz sands (Zhang et al., 2015). Increasing the
thermal conductivity of the mud to the highest value found
in literature, will increase the ground flux by approximately
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FIGURE 6 | Instantaneous water temperature profiles at five different times each night of the measurement period. The night of 07/12–07/13 is annotated as

07/13 etc.

factor 3. However, ground flux is likely to stay the smallest
of all components.

Situations when the calculated latent heat flux resulted in
negative values very well represent the weakness of using
Bowen ratio and energy balance at an hourly basis to calculate
turbulent fluxes. Assuming that the heat (temperature) change
over the whole depth will be the same as the sum of the
outgoing fluxes is valid when considering the whole night
period. On hourly basis, this method can lead to unreasonable
results. One hour time step was chosen as a compromise
between the need to have as short time steps as possible
to ensure validity of Bowen ratio, and the need to take as
long time step as possible to ensure that the temperature
change over the whole water depth will be representative
to the heat released. Hourly averages are often used by
authors to estimate turbulent fluxes (e.g., Sene et al., 1991;
Meijninger and De Bruin, 2000).

The hourly closure can pose a problem especially after
extremely sunny and warm days for highly turbid waters. When
heat is not evenly distributed over the depth and the top layer
of water is much warmer than water below, the calculation will
result in negative values for latent heat flux (07/18). Besides
negative latent heat flux, the calculation can also result in extreme
values. For example, at 03:05 on 07/20 the calculated latent heat
flux peaked to a false 630 Wm−2. This sudden bias was caused
by extreme temperature drop during that hour related to influx
of cold rain water. This is why this outlier was removed from
the dataset used to calculate the average fluxes. A more detailed
modeling of the energy fluxes in the water would be required
to get better estimates of the turbulent energy fluxes for these
exceptional nights.

Despite the above described weaknesses, the energy balance
method provides an reasonable estimate for calculation of
surface energy fluxes, certainly when integrated over the
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FIGURE 7 | (a) Change in water temperature profile (Tmorning– Tevening) for each day of the measurement period. Dashed line (red) shows location of the top

well-mixed layer. Dotted line (blue) shows the depth at which the water experienced increase in temperature over the night. Subplot (b) shows examples of temperature

profiles representing uniform change over the whole water depth with none or small increase of the bed sediment temperature, and subplot (c) shows examples of

temperature profiles with net temperature increase in the lower water levels. All profiles start at the bottom of the lake (h = 0) and end at the water level (h = 86 cm).

whole night instead of hourly energy balances. It does not
require a complex model that would calculate the fluxes
under unstable atmospheric conditions. Nonetheless, due to
its weaknesses, it is always necessary to take into account the
whole picture. Combination of Figures 4a,c with the profiles
in Figures 6, 7 provides a comprehensive story about how
heat leaves an urban pond at night. It is necessary to take
into account all the aspects that can influence the energy
balance of the pond in order to avoid misinterpretations of
the data.

There are very few quantitative studies, none focusing

explicitly on night time effects to our knowledge. Oswald et al.

(2012) show a weak correlation between distance to a large
water body and air temperature in Detroit. Areas within 6 km

showed a higher low temperature (+0.5◦C) and a slightly lower

high temperature (–0.3◦C) than areas further away. Although
this setting is not directly comparable to that of the small
urban setting studied here, a general dampening of extremes
was observed in both cases. The second relevant study is
(Theeuwes et al., 2013), which used detailedmodeling of a general
urban setting with and without an idealized lake in an urban.

Temperature differences of up to 2◦C were simulated for the
situation with and without water present. Temperature at 6:00
was up to 2◦C higher when water was present compared to the
situation where no water was present. However, this study was
purely based on numerical simulations under idealized (windy)
conditions. For example, the distribution of temperature over the
water column due to turbidity was not taken into account, while
this seems to be central to our case where night time warming is
relatively small.

Here presented research showed that only 11% of the
heat released influences the air temperature. Further studies
should focus on comparing these findings to energy balances
of different urban surfaces. Water is known to have high
thermal inertia which causes slower release of the stored heat,
this results in water being the warmest surface by the end of
the night.

5. CONCLUSION

This paper analyzed data from a measurement campaign in a
shallow urban pond in Delft, The Netherlands, in the summer
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of 2014 in order to assess the energy balance of such an urban
surface water during hot summer nights. Previous research
has shown that water bodies at night have the highest surface
temperature of all the urban surfaces (Theeuwes et al., 2013;
Yang and Zhao, 2015; Syafii et al., 2016), and therefore act as a
heating element of the city. The results of this study show that,
on an average hot summer night, radiative cooling (43 ±14%)
and latent heat flux (39 ±11%) are the predominant ways the
heat escapes the water body. Sensible heat flux, which is the only
one that increases the air temperature, made up to just around
11% (±4%) of all the energy released by the pond at night. The
remaining 7% (±2%) was drained into the bed sediment.

Weather conditions of the preceding day have a strong effect
on the temperature distribution in the water column and on the
cooling of the pond the night after. During warm days with high
incoming solar radiation (e.g., 07/17–07/19), the high turbidity
of the pond caused the upper layers of water to become much
warmer (up to 5◦C) than the water temperature near the bed. At
night, this warm top layer predominantly heated the underlying
water and the effect on the air was thereforeminimal. Cold cloudy
days resulted in smaller increases in water temperature and a
more uniform temperature profile in the evening.

Lowest 10–15 cm of the measured profile was in the mud
on the bottom of the pond. The deepest point measured in this
campaign was the coldest point of the night-time profiles for
all days and the lowest 10 cm of mud always experienced a
temperature gradient suggesting a heat flux fromwater to the bed.
This ground flux was estimated to range between 0.10 and 0.32
MJm−2 per night but uncertainty in the thermal conductivity of
the bed sediment is large.

This paper confirms the previously found heating effect of
open water bodies at night for moderate climate cities (Oswald
et al., 2012; Theeuwes et al., 2013). On top of that, we have shown
that although an urban water body is a hot spot during nighttime,
only around a tenth of the heat is released in a form that directly

influences the air temperature. Small water bodies are notoriously
difficult to generalize; even more so if their surroundings are

as heterogeneous as urban landscape. Therefore, a body of case
studies needs to be developed to fully understand how precisely
do small water bodies influence urban climate, both during day-
and nighttime. When this goal is reached, findings of this paper
can further contribute to more appropriate and better informed
use of open water in urban areas. Additionally, the data set is
freely available and can already be used for validation of urban
climate models (Solcerova et al., 2017).
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