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Abstract. The fact that open water contributes to lowering air temperature is well known in urban landscape
planning. Water bodies have been used as tools to reduce the urban heat island effect (UHI). However, the
extent to which a water body propagates the cooling effect from the lakeshore is still largely unknown. This
study aimed to (1) provide evidence for cooling air temperature on the surrounding urban lakeshore; (2)
verify the effect of different land covers surrounding the lakeshore on lowering air temperature; and (3)
determine the cooling effects at different distances from the different lakeside areas. Based on urban
weather station data and on measured data from Daming lake, Jinan, China, the analytic results reveal
significant cooling adjacent to the lakeshore with an average cooling of nearly 1°C from July to August.
Following the air temperature drop, the cooling effect becomes increasingly weaker, reaching the lowest
value of 0.3°C in October. Vegetated area causes more of a cooling effect than permeable or impermeable
surface. However, the cooling difference between permeable surface and impermeable surface was less
significant. At all measuring sites, the cooling level at a horizontal distance of 40 m from the lakeshore was
less than 0.6°C.
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Introduction

Over the past twenty years, urbanization and industrialization have been accelerating
in developing countries. Although urbanization and industrialization improves the living-
standards of urban inhabitants, these changes bring a series of environmental problems,
such as the urban heat island effect, air pollution, and industrial waste (Rizwan et al.,
2008; Sun and Chen, 2012; Singh et al., 2017; Li et al., 2018). The urban heat island
(UHI) is an increasingly serious problem in many countries. The so-called UHI is simply
defined as a metropolitan area that has a warmer near-surface air temperature than its
surrounding rural areas (Unwin, 1980; Chang et al., 2007; Su et al., 2012). Aside from
the UHI effect on temperature, the UHI has other negative impacts on weather and
climate, air pollution, health and welfare, and energy consumption (Rosenfeld et al.,
1995).

Water bodies, such as lakes, rivers, ponds, and streams, have the potential to lower
surface temperature through continuous evaporation, particularly on sunny days when
more water can be absorbed by the air. Each gram of evaporating water absorbs 2500 J
and reduces the surface temperature very effectively (Grinzato et al., 2002). In urban
landscape planning and design, water bodies are prominent features. They play the
dominant role in urban development as well (Ding and Cao, 2004; Cai et al., 2018; Dai
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et al., 2019). Additionally, urban water bodies are one of the important units of urban
ecological systems at the scale of the entire city (Ding and Cao, 2004; Li et al., 2008;
Gober et al., 2009; Xu et al., 2010). There have been numerous studies aimed at
confirming the effects of water bodies on the UHI in the past few decades, and the data
sources to measure urban heat island effect mainly include remotely sensed thermal
infrared (TIR) data, in situ data and moving observation data. In recent years, TIR data
have been widely employed to retrieve land surface temperature (LST) (Weng, 2009;
Guillevic et al., 2014; Li et al., 2014). Sun and Chen (2012) explored the intensity and
efficiency of cooling effects of urban water bodies in Beijing city, the LST data were
extracted from ASTER images of August 8, 2007, the result showed the mean cooling
intensity and efficiency was 0.54 °C/hm and 1.76 °C/hm/ha, respectively. Gupta et al.
(2019) found that average temperature drop of 7.51°C and 3.12°C is observed during
summer and winter, respectively for three years near the Sukhna Lake in Chandigarh city.
However, most of the studies on the impacts of rivers on the UHI are confined to the scale
of urban river segment. Moreover, the data were collected by conducting an on-site
measurement. Murakawa et al. (1991) reported that the drop in the air temperature above
the Ota River, Hiroshima, Japan, reached 5°C on sunny days in the warmer seasons and
that the cooling effect propagated a few hundred meters horizontally and more than eighty
meters vertically. Another study based along the River Don, Sheffield, UK, demonstrated
that the average cooling effect over the river reached nearly 1°C when the ambient
temperature exceeded 20°C (Hathway and Sharples, 2012). The above studies are based
on microclimatic conditions of an urban river. In addition, limited published studies exist
on the cooling effect of water bodies at the urban scale. In the desert city of Phoenix,
United States, Gober et al. (2009) found that an increasingly irrigated landscaping
lowered night-time temperatures in the urban core. Two other studies revealed that the
UHI effect was influenced by the surface area of urban water bodies and their geometry
(Sun and Chen, 2012; Olah, 2012). Additionally, in the city of Dongguan, China, research
showed that a negative linear relationship exists between water surface area and
decreasing ambient temperature at the spatial scale of 500 m x 500 m cells (Li et al.,
2008). However, an analysis of a network of hobby-meteorological observations in the
Netherlands showed that an open water surface area brought a significant increase of the
95 percentile of the UHI (Steeneveld et al., 2014).

Because most studies focusing on the relationship between the UHI and water bodies
are limited to a river or a few rivers (Gober et al., 2009; Hathway and Sharples, 2012; Du
et al., 2016), the literature on the role of a lake or pond in mitigating the UHI is limited.
In comparison to a river, the different effect of a lake on mitigating the UHI is evident in
many ways. For example, a river usually flows at a certain speed, while a lake is generally
still. Compared with the heat absorbed by a river flowing downstream, the processes of
heat absorption and emission from a lake’s surface occur at nearly the same site. In
addition, a lake usually occupies a larger area than a river in a specific block area of a
city. As evaporation causes heat absorption from the ambient environment, it leads to a
drop of the lake’s surface temperature. Therefore, a lake may have a greater potential to
moderate the UHI effect than a river in a city. In the planning and design of an urban lake,
the designer should therefore not only pay attention to landscape forms and landscape
aesthetics but also put more focus on their design’s effect on the urban thermal
environment, especially the landscape surface effect. Different landscape surfaces have
different abilities to reduce the UHI effect. Vegetation and trees can provide shading and
cooling through evapotranspiration, as the solar radiation intensity in tree shade is nearly
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10% of the radiation in the open air (Givoni et al., 2003). Conversely, an artificial surface,
such as concrete and asphalt, absorbs more heat during the day and release it into the
ambient environment, resulting in an increase in the ambient temperature. Therefore, the
planner and designer should put some emphasis on the rationality of the land cover.

Although the work discussed above has shown the effectiveness of urban water bodies
in mitigating the UHI, the research does not give direct evidence of lowering the ambient
temperature in a complex surrounding environment. Furthermore, the efforts of previous
researchers are concentrated on how water bodies affect the variation of the surrounding
air temperature through evaporation. They do not consider the effect of land cover on the
lakeshore and the propagation of cooling from the lake into the ambient environment.
Thus, a study evaluating the microclimate effect of a lake on moderating the UHI is
necessary. This study will focus specifically on the urban lake because a natural lake or
an artificial lake can provide many ecological benefits; it can store fresh water and clean
water, recharge groundwater, protect biological diversity, control flooding, and regulate
climate (Han, 2006). Thus, the functions of climate regulation that arise from an urban
lake should be considered by the urban planner and designer. Meanwhile, it is important
to provide the evidence of the potential that urban lakes have to lower air temperature and
the extent to which different adjacent land covers affect and propagate cooling. The
objectives of this study include (1) providing the evidence for cooling air temperature on
the surrounding lakeshore; (2) verifying the effect of different land covers of the
surrounding lakeshore on lowering air temperature; and (3) determining the cooling
effects at different distances from the different banks of the lake.

Methods
Study area

The study area is situated in Daming lake Park, Jinan, China. Daming lake is a natural
lake and the largest lake in Jinan city. The park covers 104 ha, including the water surface
area (58 ha) and the land area (46 ha). This lake is shallow, ranging in depth from 1 m to
3.5 m (Wang et al., 2010). The water of four springs converges in the lake through three
main water inlets that are situated at the southeast, south, and west bank of the lake. The
lake water flows into the Xiaoging River from the northern water gate and a water outlet.
The lakeshore is fringed with shrubs, trees and grass on the ring shape of the lake, and
the paved road and the bridges are the main connections between pavilions, the ancestral
hall, and other buildings (Fig. 1a,b). The temperature difference, which resulted from the
UHI of Jinan city, reached approximately 0.56°C during the day and nearly 2°C at night
in July 2007, whereas the difference rose to nearly 1°C during the daytime and up to
2.74°C at night-time in October 2007 (Ran et al., 2010).

Description of measurement sites

Three automatic urban weather stations (UWS1, UWS2 and UWS3) were selected to
evaluate the cooling effect of the waterfront of Daming lake. All of the UWS surrounding
the study area were situated on the second ring road in the city. The maximum distance
from a UWS to the centre of Daming lake was 2.5 km, and the minimum distance was
1.4 km (Fig. 2). The GPS coordinates of three UWS are shown in Table 1. The sites of
the UWS were in built-up areas. Two of them were located in the open square, where the
UWS instrument (ZQZ-A, Suzhou, China) was installed adjacent to several trees at a
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height of 1.5 m above the grass lawn. The weather data provided by the instruments
included air temperature, relative humidity, atmospheric pressure, wind speed, wind
direction, and precipitation. The other UWS was sited on the green roof of a 5-storey
building. Its instrument (ZQZ-A, Suzhou, China) was installed at the same height above
the green roof to monitor air temperature and precipitation. Weather data were recorded
hourly when the instrument worked properly. Additionally, all of the instruments were
calibrated every year. Because the altitudes of the three sites were from 36.8 m to 39.0 m,
and the altitude of the Daming lake water surface is 23.9 m, the height difference between
the three UWS sites and Daming lake was too slight to take into account a lapse rate.
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Figure 1. Remote sensing image (a) and map (b) of Daming Lake (Map source: Google maps).
A a triangle represents the location of a measurement site
»* a pentagram represents the lakeshore area covered by vegetation
@ a diamond represents the lakeshore area occupied by permeable paving
& a parallelogram represents the lakeshore area occupied by impermeable paving
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Figure 2. Locations of weather stations and Daming Lake in Jinan City (Map source:
Google maps).
l a square represents the location of Daming lake
»* represents the lakeshore A2 covered by vegetation
& represents the lakeshore C1 occupied by impermeable paving
@ represents the lakeshore B2 occupied by permeable paving
e represents the location of an automatic weather station

Table 1. Measure sites and GPS coordinates in study area

GPS coordinates GPS coordinates
Sample Name - - Sample Name - -
Latitude Longitude Latitude Longitude

UWS1 36.664522° 116.993835° Bl 36.672819° 117.016575°
UWS2 36.660341° 117.015332° B2 36.673743° 117.028641°
UWS3 36.687529° 117.942916° B3 36.674896° 117.029581°
Al 36.674946° 117.011271° Cl 36.672806° 117.019918°
A2 36.672953° 117.020875° C2 36.672504° 117.024482°
A3 36.675917° 117.028288° C3 36.677002° 117.020313°

To assess the cooling effect of the lake, three sites (Fig. 1) on Daming lake located at
the west, south and east bank of the lake were chosen. The conditions of the three
measurement sites were similar to those at the UWS in all respects. The GPS coordinates
of measure sites are shown in Table 1. A type of measurement sites was adjacent to
several trees that had some grass and shrub cover. Images of the sites are shown in
Fig. 3-A2, land surface of B type is permeable, and C type is impermeable. Their images
are also shown in Fig. 3-B2 and Fig. 3-C1, respectively.
To estimate the propagation of the cooling effect from the lakeshore to the ambient
environment, nine research sites composed of three types of land covers were selected.
These land covers (Fig. 3) included (1) vegetation, mainly covered by green grass and
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shrubs; (2) permeable paving, paved by holey concrete brick; and (3) impermeable
paving, constructed by impermeable concrete brick. Site A1 was located on the western
lakeshore, where concrete brick was paved at a distance of 1-2 m from the lake bank.
Green grass and shrubs were planted adjacent to the brick far from the lakeshore; the
planted area was approximately 20 mx30 m. Sites A2 and A3 were similar in all respects,
with green grass, shrubs and trees planted at a distance of approximately 30 m from the
lakeshore. A concrete road approximately 3 m wide passes through the green area at a
distance of approximately 15 m from the lakeshore. Sites B1 and B2 were smaller scale
areas of approximately 15 mx20 m, with willows and other trees at heights of
approximately 4 m around them. For site B3, its scale is smaller than that of the two sites
B1 and B2, occupying an area of approximately 4 mx15 m with trees and shrubs
surrounding it. Sites C1, C2 and C3 were adjacent to the lakeshore. Site C1 was located
at the southern gate of Daming lake; it was an open square with a decorated archway and
several trees. Site C2 was located at an open place with an area of approximately
30 mx20 m. Site C3 was located at the north bank of the lake, was fringed with several
trees, and contained impermeable concrete brick extending to approximately 30 m from
the waterfront.

Figure 3. Images of every site type: a) vegetational site, b) permeable site, and c) impermeable
site

Survey methods

Measurements of air temperature, water temperature and relative humidity were
conducted from July to October in 2012, survey times of air temperature and water
temperature at the lakeshore focused on 9:00-21:00, and the time of measurement at
different lakeshore forms was from 10:00 to 22:00. Measurements of air temperature and
water temperature were taken with mercury thermometers (Wugiang Thermometer
Company, Hengshui, China). This thermometer has an accuracy of +0.1°C between 0°C
and 50°C and a resolution of 0.1°C. All of the instruments were calibrated before the
surveying period. Measurement campaigns were carried out in the periods of 21-26" July,
15-17" August, 13-16" September and 13-18" October. In the course of temperature
measurement, mercury thermometers were shielded with a simple instrument shelter. Air
temperature at the lakeshore was recorded 4 times per day (9:00, 13:00, 17:00, and 21:00),
and surveying campaigns at different lakeshore forms were performed 4 times per day
(10:00, 14:00, 18:00 and 22:00) at 10 m intervals from the lake edge to 40 m away. Water
temperature was measured hourly from 9:00 to 21:00. When the surveyor stood at the
bank, the mercury thermometer was placed 0.1 m vertically below the water surface.
During September and October in Jinan, the prevailing winds were mostly from the
northwest to west directions. Wind speed usually ranged from 0 to 3 m/s, so special days

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(2):2197-2211.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1802_21972211
© 2020, ALOKI Kft., Budapest, Hungary



Yang et al.: The cooling effect of an urban lake landscape on the urban heat island: a case study in Jinan, China
- 2203 -

in autumn were chosen when wind speed slowed below 1.0 m/s. For evaluating the role
of the lake water body and lakeshore form in mitigating the UHI, the surveyor spent more
than two minutes to accurately measure temperature at every site. The measurement
location was 1.5 m above the ground.

The paired-samples T-test was applied for a significance level a = 0.05. Thus, if a
p-value was computed to be less than 0.05, then the temperature difference would be
considered statistically significant. The statistical significance (p), t-statistic (t), and
degrees of freedom (df) are found in the latter data analysis. The effect size (r) based on
Pearson’s correlation is used to measure the strength of the relationship between
measuring the lakeshore air temperature and the UWS’s.

Results
Role of the urban lake in mitigating the UHI

Part of the purpose of this paper is to assess the cooling effect of the lake, and therefore,
we chose the study period between 21t July and 18" October. To estimate the temperature
difference between the urban weather stations and the lakeshore, the measuring sites were
selected for their vegetation cover. As such, the measuring conditions of urban weather
stations (UWS1, UWS2 and UWS3) were similar to that of the lakeshore. The sites of the
lakeshore are referred to as Al, A2 and A3, and the temperature differences between the
urban weather stations and the lakeshore based on the measurement periods are calculated
using:

AT: =Ti _Tuws (qu)

where Tuws is the mean temperature from the three urban weather stations, the index i is
the reference for the individual lakeshore (A1, A2 or A3), and Ti is the arithmetical mean
value of the monitoring data at the same measuring time for every monitoring period. A
negative value of A7; indicates cooling adjacent to the lake in comparison to the urban
weather stations. Fig. 4a-d shows the value of AT; for different time periods at different
sites adjacent to the lake. All of the monitored air temperatures are lower than the air
temperature at the urban weather stations.

The air temperature varied from 22.7°C to 30.9°C during the measuring period in July
and varied from 23.1°C to 31.7°C in August, compared with a variation from 17.8°C to
27.6°C in September and from 14.1°C to 20.1°C in October. The temperature difference
at different measuring times for one day in July and August is illustrated in Fig. 4a-b.
During most hours of the day, it was lightly cloudy and the wind velocity varied from
0.3ms™ to 0.7 ms™. Analysing the temperature differences at different times, the mean
of temperature difference was 1.0°C and 1.2°C, respectively. The cooling effect was more
significant in August than July. At the same time, the highest temperature difference at
9:00 was approximately equal between July (-1.9 to -1.1°C) and August (-1.8 to -1.1°C),
and the lowest temperature at 21:00 in July was -0.7 to -0.3°C, compared with August
(-0.6 to -0.4°C). Furthermore, temperature differences were also influenced by the
measuring location in two periods: in July, the lowest temperature difference was
recorded at site A2, where the mean of the temperature difference was 0.7°C, and the
highest temperature difference was recorded at site Al, where the mean of the
temperature difference reached 1.2°C. The paired-samples T-test result shows the value
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of t, df, p and r, t (119) =3.50, p<0.05, and r=0.81. Similarly, in August, the level of
cooling is lowest at site A2, where the mean of the temperature difference is 0.8°C, while
site Al presents the highest level of cooling, where the mean of the temperature difference

is 1.2°C (t (119) =3.49, p<0.05, r=0.74).
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Figure 4. Temperature differences for different sites at different periods, AT is the mean of the
temperature differences in each measuring period

Fig. 4c-d shows the temperature difference at different measuring times for one day in
September and October. Calm conditions (0.4-1.0 ms™) were encountered in the two
monitoring sessions, and light cloudiness was observed for the two periods. Likewise, the
variation of the temperature difference is similar to that discussed above, so similar
conclusions can be derived from the two periods. However, the mean of the temperature
difference is 0.4°C and 0.3°C, respectively, in September and October, so the cooling
effect is less significant in these two periods than in the former two. The highest
temperature difference arises at 9:00 (-0.8 to -0.5°C and 0.6 to 0.4°C in September and
October, respectively) and the lowest at 21:00 (-0.3 to -0.1°C and 0.2-0°C). In September,
the lowest temperature difference also arises at site A2, where the mean of the temperature
difference is just 0.3°C, and the highest temperature difference is at site A1, where the
mean of the temperature difference reached 0.6°C (t (119) =2.07, p<0.05, r=0.89). In
October, the lowest temperature difference is recorded at site A2, where the mean of the
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temperature difference is 0.2°C, and the highest temperature difference is calculated at
Al, where the mean of the temperature difference is up to 0.4°C (t (119) =1.12, p>0.05,
r=0.90).

The average temperature difference is calculated from the measured data from the
three lakeside measurement points (Al, A2 and A3) at 4 different times per day during
the study period. The temperature difference between the lakeside sites and the urban
weather stations for different observation times is illustrated in Fig. 5.
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Figure 5. Temperature differences at different time periods; AT is the mean of the temperature
differences at the measuring times in each month

The cooling effect is more significant in July and August than in September and
October. The highest levels of cooling are shown in August, and the level of cooling in
July is close to that in August, wherein the mean temperature difference is just 0.2°C lower
in August than July. Likewise, the cooling effect is no more significant in September than
in October. The mean temperature difference is just 0.1°C lower in September than in
October.

The paired-samples T-test is applied to determine if temperature differences are
significant among the four month. In terms of the statistics, the p value between July and
August is 0.922, which is greater than the a level (o =0.05), so we fail to reject Ho. That
is, there is insufficient evidence to claim that the temperature difference may be different
from each other in the two month. Similarly, the statistical results show that the
temperature differences are insignificant in September and October. However, the
statistical result suggests that the temperature difference between August and September
is significant, where the p value is less than 0.05. The full statistical results are shown in
Table 2.

Table 2. The paired-samples T-test for paired comparisons from July to October

Pair M Std. D t df P
Jul. — Aug. 0.04 3.90 0.10 119 0.92
Aug. -Sep. -0.55 3.10 -1.93 119 0.05
Sep. — Oct. -0.14 2.14 -0.70 119 0.48

M is for the temperature difference between the two months. Also shown is the standard deviation (Std.
D), the t statistic (t), the degrees of freedom (df), and the two-tailed significance (P)
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Effect of different lakeshore forms on the UHI

The cooling from the lake varies with the different forms of the lake bank, as illustrated
in Fig. 6, with greater cooling found at the vegetated site and with less cooling at the
impermeable site. Furthermore, a higher ambient air temperature contributes to greater
cooling from July to October. The air temperature is higher in August than in the other
measuring months, and the cooling effect is the most significant. Three type of urban
forms (A is a vegetated site, B is a permeable site and C is an impermeable site) are
adjacent to the lakeshore. At the A sites in August, the mean temperature difference
reached 1.6°C at 10:00. At the same time, the average temperature difference was just
0.8°C and 0.6°C, respectively, at the B sites and C sites. Moreover, the level of cooling
fell from 10:00 to 22:00. Similarly, a difference in the cooling effect derived from the
different lakeshore forms was found in the other measuring months, but the difference of
cooling was insignificant between B and C. By October, the difference of 0.03°C between
B and C is negligible.
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Figure 6. Temperature differences at different distances from July to October, A represents the
vegetated site, B represents the permeable site, and C represents the impermeable site
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Effect of distance from the water body on the UHI

The distance from the lake bank has significant effects on cooling. Fig. 6 presents the
variation in cooling across the different distances. Longer distances from the lakeshore
are responsible for less cooling from July to October. At all measuring sites, the level of
cooling 40 m from the lakeshore is less than 0.6°C, and there is little variation depending
on the form of the lake bank in warmer months. For example, the temperature difference
of A, B and C is just 0.6°C, 0.2°C and 0.1°C, respectively, at 10:00 in August. However,
the variation caused by lakeshore land cover can be ignored at 22:00 in October because
each of the temperature differences of the three land covers is close to 0°C. Overall, the
results indicate that vegetated sites next to the lake bank increase the cooling level. That
Is, the cooling effect is more significant at A sites than at B and C sites. Fig. 6a-d shows
the average AT for each measuring time when combining the four periods, with values
shown separately for the sites from 0 m to 40 m adjacent to the lakeshore. Very high
levels of cooling are shown at the sites adjacent to the lakeshore, which reduce moving
away from the lakeshore. The same trend of a cooling drop is observed from the morning
to the night.

Discussion
Effect of the water body on cooling

Site Al was located on the western lakeshore. Because concrete brick was paved at a
distance of 1-2 m from the lake bank and the measuring location was 1.5 m above the
water body adjacent to the lakeshore, there was no vegetation on the ground below the
measuring location. Both site A2 and site A3 were also adjacent to the water body, and
the measuring conditions of the two sites were similar to each other. The two measuring
location were also 1.5 m above the water surface, but each of the grounds below the two
measuring locations was filled with vegetation. The results above show that the cooling
effect at Al is more significant than that at the other two sites. However, the fact that
vegetated land cover relieves urban heat is well known, so the result above also shows
that the vegetated lakeshore form (A type) plays a greater role in lowering air temperature
compared with the permeable sites and the impermeable sites. Why is the cooling effect
at Al the most significant? At the same time, the level of cooling is more significant at
site A3 than at site A2. The difference in the cooling effect among the three measuring
sites may relate to water temperature. Analysing the data on water temperature, the water
temperatures at site Al and site A3 are lower than that at site A2, especially in the early
morning. In fact, cool spring water flows into the inlets of the lake, and A2 is further away
from the water inlet compared with Al and A3. Fig. 7 shows the variation of the average
water temperature at Al, A2 and A3 in August. Water temperature increases from 9:00
to 16:00, and it then declines in the latter measuring time intervals. The difference
between the air temperature at the UWS and the water temperature rises from 9:00 to
13:00, and it then falls continually. The variation of the difference is out of sync with the
cooling level, which suggests that other factors are also responsible for the cooling level.

Effect of climatic condition on cooling

Under the conditions of the same temperature interval, the level of cooling in July and
August is more significant than that in September and October. Furthermore, there is a
distinct cooling difference at different measuring times of the same month. Fig. 8 shows
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the variation of temperature differences in similar temperature conditions. The air
temperature varied from 14.1 to 31.7°C in the whole research period. With the maximum
temperature difference of nearly 18°C, the interval of 2°C is chosen in the statistical
analysis. In the interval of 14-16°C, the mean of the air temperature at both 9:00 and 21:00
in October belongs to this interval, but the cooling effect at the two measuring times
differs from 0.5 to 0.1°C. Furthermore, the difference in the cooling effect from 9:00 in
July and 9:00 in August to 21:00 in July and 13:00 in September is more significant, from
1.5 to 0.5°C. However, the contribution to cooling at 21:00 in September and 17:00 in
October is approximately equivalent in the interval of 16-18°C. Similar results are found
at 13:00 in July and August in the interval of 30-32°C. These analyses suggest that other
factors aside from the air temperature, such as solar light intensity, wind speed and water
temperature, may have great influences on cooling. Research over the past two decades
has shown significant correlations between temperature difference and these factors
(Hathway and Sharples, 2012; Zhao et al., 2014; Li et al., 2014).
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Advantages and limitations of the study

Numerous research have examined cooling effect of water bodies on the urban heat
islands. this study employed the data from meteorological stations and field observation
to evaluate the role of water bodies to mitigate urban heat islands during the two seasons.
Hathway and Sharples (2012) found the cool island effect becomes more obvious during
a spring/summer period as the temperature rose, and this conclusion was consistent with
this paper and Xu et al. (2010), but we found that landscape type near lakeshore had
different impact on cooling effect. Compared with data from meteorological stations and
field observation, remote sensing images can provide more information on land use as
well as retrieve land surface temperatures in larger areas. Many literature have showed
the water bodies and adjacent landscape forms have important effect on land surface
temperatures (Weng, 2009; Sun and Chen, 2012; Li et al., 2013; Kong et al., 2014; Cai et
al., 2018). Although remote sensing images can retrieve land surface temperatures on a
large scale, remote sensing images obtained are at a fixed time at a certain interval. In
future studies, we will use field observation and remote sensing data to combine to
analyse the cooling effect of water bodies.

Conclusions

In this study in Jinan, the statistical results show, first, that the urban lake plays a
considerable role on cooling the air temperature around the lake bank. Second, the
lakeshore type and distance from the lake bank have a significant effect on the level of
cooling.

The analytic results reveal significant cooling adjacent to the lakeshore, with an
average cooling of nearly 1°C from July to August. Following the drop in air temperature,
the effect of cooling increasingly weakened, and the level of cooling of 0.3°C in October
was less significant than that in July and August. The average temperature difference of
the entire period tended to reach the maximum in the mornings, with cooling at the lake
bank varying from 1.9°C to 0.4°C depending on the different lakeshore types and different
months. Furthermore, the level of cooling declined from 9:00 to 21:00 each day. The
results also show that highly vegetated lakeshores play a more significant role on cooling
air temperatures than those lakeshores consisting of permeable or impermeable materials.
Therefore, in the planning and design of an urban lake, the designers should not only
focus on landscape forms and landscape aesthetics but also pay more attention to their
effect on the urban thermal environment, especially the landscape surface effect.
However, the results of this research were based on measurement data from only one
urban lake for two seasons, and the research was conducted for only one metropolitan
area. Future studies across metropolitan areas under different climatic conditions that
combine measurement data with thermal infrared imaging would be desirable to confirm
and refine these findings.
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