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ABSTRACT: The climate, along with temperatures, is getting hotter globally. To understand the temperature distribution
according to the land use types (nearby & covered streams, parks, commercial, residential), Pangyo area (a new city involving
the Unjung stream) and Moran area (an old city involving the covered stream) in Seongnam City were chosen for observation.
Temperature and humidity were measured on July 17, 24, and 25, 2021. The temperature and humidity of the stream were
observed to know the influence of the stream on the reduction of temperature of the surroundings as well. The highest temperature
difference between the Pangyo area and around Unjung Stream was 3.5°C, and the highest difference in the Moran area and
around the covered stream was 3.2°C. The average temperature difference between the stream area and its surroundings was 3.1°C
in the Pangyo area, which is considered to be the result of the combination of the difference in planning for each phase of the city,
including the reflection of green areas, the presence or absence of urban streams, and the density of development. As a result of
measuring the Unjung Stream to investigate the temperature reduction effect of urban streams, the point just below the Unjung
Stream in the morning was up to 1.9°C lower than the surrounding area. The influence of the stream on temperature reduction
was observed clearly.

KEYWORDS: Climate change; Heat island; Land use; Covered Stream; Unjung Stream; Pangyo; Moran.

B Introduction condition of the observation point. In addition, Lee* analyzed
With the increasing impacts of climate change evident in the characteristics and scale of land use change over 20 years in
our society, ranging from sea level rise to an overall heating of Seoul and the metropolitan area to understand the impact of
1°C, climate change is an imminent problem. Even with a 1.5 this change on the local climate.
°C overall global warming, 99% of the Great Barrier coral reef On the other hand, research has been carried out to deter-
will die, leading to catastrophic disaster in the ocean, which mine the air temperature decreasing effects of urban streams.’
supplies 50% of the oxygen humans breathe in. UHI characteristics have been studied during the past sever-
These problems of climate change have been getting exacer- al decades. UHI shows the difference between heated urban
bated by rapid urbanization. The underlying surface structure areas and rural (stream) areas, and it is known that UHI in-
in urban areas has been changed dramatically by decreasing tensity is obvious in nighttime, winter, windless and cloud-free
vegetation ratio and increasing impervious surface, which re- conditions.*™* The purpose of this study is to 1) find out the
sults in serious environmental issues, e.g., urban heat island special-temporal distribution characteristics of summer tem-
(UHI) problems. Indeed, cities worldwide have been warming perature by land use, 2) check the effect and range of urban
up in the summer over the years due to this problem. Seoul streams on temperature, and 3) propose basic data accumula-
and surrounding areas in Korea are also examples of how a city tion for urban temperature reduction effect.
was transformed into an urban heat island. However, in these ®m Methods
cities, there are also areas called green areas that produce social, 1. Study Site:
economic, and environmental benefits in highly populated ur-
ban areas. N

In the city, the urban cover is one of the main factors in- 4
fluencing its temperature. Emmanuel (1997)" found that in
terms of spatial distribution characteristics, heat island and
cold island phenomena may appear together because urban
land cover or land use affects the daytime urban temperature
when the atmosphere is stable. The regression analysis of the
relationship between various land use types and temperature
showed that forests and farmland had a cooling effect. In con-
trast, urban areas composed of asphalt or concrete showed a
temperature increase effect of about 2°C, both in the average
and minimum temperatures. In a study on the impact of land
cover and land use on the difference in daytime temperature,
Shudo® and Gallo® said that the seasonal daily temperature
difference was significantly larger depending on the land use
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.

Seongnam City
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Legend

1. Pangyo area
2. Moran area

Figure 1: Study area map of Seongnam, Korea. Pangyo and Moran’s areas
are shown as 1 and 2, respectively.

© 2023 Terra Science and Education 44 DOI: 10.36838/v5i3.9



ijhighschoolresearch.org

V) Water
M\ = [
il k@ﬁﬂ g ¢

]

N Q—\nr I

Figure 2: Study Area 1, Pangyo. It was chosen for four land use types. It is

characteristic of the Unjung stream across the new city in Pangyo.
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Figure 3: Study Area 2, Moran. It was chosen for four land use types. It is
characteristic of a covered stream across the old city of Moran. A covered
stream has been used for the road and parking station since the 1990s.
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Figure 4: Unjung Stream Cross Section.

The main research areas were selected in the Pangyo area (a
new city) through which the Unjung Stream flows located and
in the Moran area (an old city center), which consists of a cov-
ered stream at Seongnam-si, the metropolitan area of Korea.
The Pangyo area is in number 1, and the Moran area is in
number 2 in Figure 1. The Unjung stream shown in Figure 1
is 7.98 km and is about 23~140 meters wide, and the slope is
1:500. The stream originates from the Unjung reservoir itself
and joins the Than River, which eventually leads to the Han
River (Figure 1).

The Pangyo area, including the Unjung stream, adopted a
low-density urban development method in the early 2000s. It
shows a relatively low area and population density ratio. It is
classified into four zones by land use and has nature-friendly

infrastructure such as parks and streams (Figure 2). On the
other hand, the Dandae stream, which flows through the peo-
ny area, is currently covered and used as a road, losing its urban
stream function, and it is an area with high population density
due to poor development (Figure 3).

In the two regions where the difference in urban planning
according to the period of city formation is markedly different,
the effect of the presence or absence of a stream in the sum-
mer was examined. Four separate sections of each land were
chosen for a more accurate demonstration of the temperature

and humidity (near & covered stream, park, commercial, and
residential).
2. Data Observation

Figure 5: Field Photo by Zones (TOP LEFT) commercial, (TOP
RIGHT) park, (BOTTOM LEFT) stream and (BOTTOM RIGHT)
residential).

To look at the temperature distribution pattern, we mea-
sured temperature and humidity data using Testo 608-H1
temperature-humidity (T-H) sensors at eight observing po-
sitions on July 17, 24, and 25, 2021. These eight observing
positions are shown in Figures 2 and 3. The basic charac-
teristics of the Pangyo and Moran areas and study zones are
summarized in Table 1.

Table 1: Summary of the characteristics of the Pangyo and Moran areas. It
is classified into four land use types.

area Pangyo Moran
characteristics good urban planning, low density poor urban planning, high density
stream types natural stream (flow water in stream) covered(artificial) stream-using road
stream zone P1 M1
Park zone P2 M2
Commercial P3 M3
zone
Residential P4 M4
zone

*P1 (Unjung stream), M1 (Dandae stream)
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On the other hand, to see if the stream actually had an
impact on decreasing the surrounding temperature, we did
another study where we selected points that are 150m left and
right of the Unjung stream (0) and the bridge of the stream
(total of 5 locations- L3, L2, L1, 0%, R1, R2 in Figure 4 and
measured in 30-minute intervals with the sensor mentioned
above. We selected these points as these points were effective
in showing us the temperature difference between the area
near the stream and the points on the bridge, as well as telling
us the temperature difference across the river areas.

B Results and Discussion
1. Temperature distribution along the different areas in Mo-

ran and Pangyo area:

From the data collected on July 17 at Pangyo and July 24 at
Moran in the eight zones, we put these data points in Table 2.
If we compare the two areas and their average temperatures,
we can see that P1 (stream, Pangyo) had a temperature of 33.2
°C whereas M1 (covered stream, Moran) had a temperature
of 37.7 °C. P2 (park, Pangyo) had a temperature of 32.8 °C,
whereas M2 (park, Moran) had a temperature of 38.1 °C. In
P3 (commercial district, Pangyo) temperature was 31.2 °C, and
in M3 (commercial district, Moran) was 34.9 °C. Lastly, in P4
(housing district, Pangyo) temperature was 34.7 °C, whereas in
M4 (housing district, Moran) was 36.9 °C.

Table 2: Shows temperature data in 8 locations according to daylight times.
Temperature measurement is accounted for by land use and city planning.

Ganit : °0)

Time (17, July) Pl P2 P3 Pa Time (24, July) M1 [ M3 M4

1100 201 302 200 315 1100 a7 s 387 s
130 B ND 204 46 130 356 %4 360 %0
1200 25 22 300 6 1200 %0 %2 39 35
1230 31 ND 308 %0 1230 %3 %9 358 387
1300 37 339 a1z 350 1300 a7 78 32 a3
1330 320 N> a2 P 1330 74 386 48 a1
1400 36 32 a7 31 1400 33 385 348 e
1430 38 ND* 20 s 1430 300 387 48 382
1500 33 354 24 2 1500 385 394 349 381
1530 U1 ND 23 u7 1530 300 400 350 ars
1600 29 27 a7 334 1600 w02 02 a7 374
1630 5 26 316 38 1630 400 96 43 %7
1700 53 31 ais 34 1700 ars 389 a3 %7
1730 a7 27 a1 31 1730 a6 380 41 37
1800 25 316 318 ar2 1800 8 73 339 383
Average 32 28 312 347 Average 377 381 349 369
"ND.: not determined

For the maximum and minimum temperature differences
for the measured times, for the stream zone, we had P1 of 6.2
°C and M1 of 5.5 °C. For the park area, we had P2 as 5.2 °C
and M2 as 5.7 °C. For the commercial area, we had P3 of 3.4
°C and M3 of 2.1 °C. Lastly, for the residential district, we had
P4 of 5.7 °C and M4 of 6.3 °C. The more specific values for the
temperature in these different zones are in Figure 6. (Table 3
shows Basic statistical data on the temperature in each of the
8 locations)

Table 3: Basic statistical data of temperature in Pangyo and Moran areas
during 17 July (Pangyo) and 24 July (Moran).

¢ P1 P2 P3 P4 M1 M2 M3 M4
Average 33.2 328 31.2 347 Average 377 38.1 349 36.9
Min 29.1 302 29.0 315 Min 347 345 339 345
Max 353 354 324 372 Max 402 402 36.0 2.8
Range 6.2 5.2 34 5.7 Range 5.5 5.7 24 7.3

® averace

In the average temperature for the Pangyo region, the tem-
perature increases in this order: P3 (commercial zone), P2
(park), P1 (near the stream), and P4 (residential zone). The or-
der increases at the highest temperature: P3 (commercial zone,
P2 (park), P1 (near the stream), and P4 (residential zone). On
the other hand, in terms of average temperature in the Mo-
ran area, the order is as follows: M3 (commercial zone), M4
(residential zone), M1 (covered stream), and M2 (park). At
the highest temperatures for each region in Moran, the or-
der is as follows: M3 (commercial zone), M1 (covered stream),
M2 (park), and M4 (residential zone). From this data, if we
don't consider the residential district temperature of 41.8 °C
at 2 pm, the trend is similar to the average temperature trend.
Therefore, additional research is needed to determine if this
temperature recording was an error or not.

It is a reversed relationship between the temperature and
humidity of the Pangyo area. Looking at the Pangyo area's hu-
midity, we see that the average humidity of the residential zone
is 44%. In contrast, the other zones have an average humidity
of 52.4 to 52.6% (Table 2). So, we see that the residential zone
has a high temperature and low humidity, whereas the other
zones show the opposite pattern (Figure 7). Therefore, we say
that the amount of water in the zone can play a role in de-
creasing the temperature, but more research is needed to see
the impact of humidity.
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Figure 7: Relation between temperature and humidity in Pangyo 4 area on
17 July 2021.

Summer temperatures in Seoul city are mitigated in the area
100m from the river and 300m from the park™. Also, it is
detailed in this study that in the regions surrounding Seoul,
the areas of the city were 7.3 °C higher than those of the sur-
rounding green land areas. Also, according to Kwon and Lee®,
analyzing the temperature distribution by land types, they
found that the highest temperature zone was the commercial
area, and the lowest temperature occurred in the green open
space (park). Commercial zones had a low temperature com-
pared with other zones in the Pangyo and Moran areas. This
could be due to two main reasons: 1) the temperature could
have been influenced due to air conditioning from surround-
ing buildings, and 2) it may be due to the impact of the air
conditioning coming from the underground railroad system.
As these could have impacted the temperature measurement,
more research is necessary to determine what caused this tem-
perature drop.

Something surprising is the fact that the highest tempera-
ture recorded in the Moran region was in the park. However,
as Moran Park has only been around for five years and the

DOI: 10.36838/v5i3.9

46



ijhighschoolresearch.org

trees in that park are so young and only a little leafy, it is hard
to say that the park functions like other parks in its impact to
decrease temperature. Therefore, we can assume that the land
type is in between an entire park and bare land. Also, if we
take a look at the density of air conditioning used per human
inhabitant, the residential district is something that we should
take note of. As the air conditioning mechanism brings the
inside heat outside, the temperature-increasing impact that
this brings should also be considered. The reason for the little
fluctuation of temperature within the residential district shows
that humans could cause the main effect on the temperature
of a particular zone.

2. Analyzing the impact of the stream on temperature:

Table 4 shows the temperature measurement results around
Unjung Stream and surrounding areas in Pangyo. The refer-
ence point is the point (0 mark) located just below Unjung
Stream. The comparison point is about 5m vertical (0" marked)
and 50m left and right.

Table 4: Temperature and humidity in 7 locations of Unjung stream
and surroundings. It measured temperature and humidity from sunrise to
morning on 17 July 2021.

4 R1 u 2
Time

Temperature Humidity Temperature Humidity Temperature Humidity Temperature Humidity
600 263 792 276 71 27 749 29 741
700 278 21 285 703 284 76 278 738
800 280 763 201 699 209 674 289 708
900 s 669 a3 603 26 594 30 565
1000 336 5500 363 502 351 516 365 a7

Average 204 304 306 306

Sies 4 R2 o 3

Temperature Humidity Temperature Humidity Temperature Humidity Temperature Hurnidity
630 265 797 27 752 27 757 271 751
730 279 767 23 705 %7 72 278 752
830 309 693 294 682 25 17 289 703
930 a1 627 316 587 335 541 311 678
Average 293 21 [1mea) 204 27
Unit is followning: Temperature is oC, humidity is %.

The reference point of 0 has an average temperature of
29.3°C and shows a distribution between 26.5°C and 31.8°C.
The temperature difference is 5.3°C. The 0" point (middle
point of the Gaenari Bridge) vertically above 5m has an average
temperature of 30.4°C and a distribution between 26.7°C and
33.5°C. The temperature difference is 6.8°C. The temperature
immediately after sunrise showed a slight difference of 0.2°C,
but the difference of 1.7°C was observed when measured at
9:30 a.m. Meanwhile, the temperature between the compari-
son points (L1, L2, and R3 points) of about 50 m apart from
the reference 0 point does not show much difference from the
bridge point (0" point) (Table 4). The temperature difference
between the point where the water flows in Unjung Stream
and the point 5m vertical after sunrise indicates that the spa-
tial range of the water path affecting the actual temperature
is limited, and similar temperature distribution between the
vertical point and the surrounding point supports this.

The phenomenon that the temperature difference increases
as time go by in the morning is an index that measures the ur-
ban heat island phenomenon. Urban Heat Island Intensity can
explain it. According to a study by Morris and Simmonds"’,
the temperature difference between time zones gradually in-
creases during the day. It progressively cools the surface after
sunset, resulting in a minimum heat island intensity in the
morning and a maximum in the evening.

According to a study by Myung'?, the distance of about 100m

from the waterway in Seoul was lower than the city's overall

temperature, so it was estimated that about 100m was the ef-
fective distance of the temperature drop. However, since this
study was also analyzed as a national river on the scale of the
Han River, the direct temperature drop effect is judged to be
less than 5m on the scale of the local stream on the tributary
level. It is necessary to study the relationship between the scale
of the stream and temperature in the summer period.

In terms of temperature change characteristics due to streams,
the Commercial zone (R2) and Techno business working fa-
cilities (IL3) show a distribution lower than or similar to the
Unjung stream reference point (0) temperature (Figure 8). Al-
though there is a limit to our specific sample time from sunrise
to 10 a.m., the temperature reduction effect at R2 was similar
to the reference point (0) under the stream’s influence. This is
estimated to be the effect of direct sunlight blocking it from
the winding road and the shade of a building in the morning,
and the L3 point is judged to be the street tree effect of an
evergreen forest. According to previous studies, the presence or
absence of street trees planted in the city center makes it vary

up to 10°C.13
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Figure 8: Temperature distribution in 4 points of Unjung stream and
surrounding on July 17, 2021. Remarkably, the temperature of L3 and R2 is
similar to or lower than that of the stream reference point at 9:30 (0).

Since there are not only rivers but also green areas and other
landscape elements in the city, it is difficult to conclude that
the result of temperature distribution is due to the tempera-
ture drop caused by only waterways. Therefore, further research
should be conducted on more points in the future.

3. Implication Urban planning to influence temperature:

On 25 July, eight representative points for each land use in
Pangyo and Moran areas were selected to measure the tem-
perature (Table 5). It was also the day when a heat wave above
the average temperature of 35°C was recorded. Still, first of
all, looking at the temperature difference by area, the average
temperature in Pangyo was 36.1°C, while the Moran area was
37.3°C. The Moran area was 1.2°C higher, and the monitor-
ing results conducted by Seongnam-si showed that the old city
center (e.g., the Moran area) was higher by about 3°C for each
type of land use.

The temperature by land use is 1) Pangyo (36.5°C) vs. Moran
(37.6°C) in the stream, and the difference is 0.9°C. 2) Pangyo
(35.8°C) vs Moran (37.6°C) in the park, and the total differ-
ence is 1.9°C. 3) In commercial facilities, Pangyo (35.8°C) vs.
Moran (36.0°C), the difference is 0.2°C. 4) In
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Table 5: Temperature and humidity in 8 locations in the Pangyo and
Moran areas from morning to afternoon on 25 July 2021.

G it & [ 7 w3 P v

o5 @6 £ s Ex 0 s Py 5

o7 40 368 380 1 as 352 w0 14

0s a1 354 wu %2 a6 351 a3 340
Aveage 415 35 381 76 2 358 381 516 “07 358 382 360 w04 364 362 8
Uit followrina Temperatue 1 C. humidt i .

Residential zones (apartment houses), the Moran area was
high, with Pangyo (36.4°C) vs. Moran (37.8°C), and the dif-
ference was 1.4°C. The average temperature in Pangyo area
shows stream > residential zones (apartment houses) > parks =
commercial facilities, while the average temperature in Moran
area is residential zones (apartment houses) > stream = parks
> commercial facilities. The retardation in measurement time
in 30 minutes should be considered. The key is to compare the
temperatures between the two areas, which show differences in
representative urban planning sweets.

The Moran and Pangyo areas have a history of urban de-
velopment in the Korean metropolitan area. The Moran area
was created in the process of dispersing the concentration of
the population in the metropolitan area during the modern-
ization process. In contrast, the Pangyo area is a thoroughly
planned city based on high-tech industries. The former was
mainly built in the 1970s and 1980s, while the latter was built
in the early and mid-2000s. The decisive variance appears to
be the difference between the plans and the use of the stream
crossing the city center. While the Moran area has built roads
on streams where water flows due to a lack of basic urban in-
frastructure, the Pangyo area is an area where the importance
of streams occupied by urban infrastructure is reflected. In
summary, the former is typical of an old city center with a high
population density made up of reckless development, while the
latter is a symbol of a new city center developed according to a
thorough urban plan.™*

The difference between streams in Pangyo and Moran is
noteworthy in the two areas. In fact, M1 is used as a road with
the loss of stream function, P1 has a temperature reduction
effect,and M1 in the Moran area causes a temperature increase
effect. Currently, there is a 0.9°C difference, and according to
previous studies, it is known that the effect of reducing the
temperature by a river is much more pronounced at sunset
and night.” In addition to health aspects and psychological
considerations, the effect of reducing the temperature of rivers
requires continuous investigation and monitoring of urban in-
frastructure.

The park shows the largest temperature difference between
the two areas, with an average of 1.9°C. It seems to be the re-
sult of the year of the park’s establishment, the park's size, the
difference in tree species, and the park's location. The Moran
area seems to have little role as a park, but the Pangyo area
has a park as a green area. In the existing study of Myung'?,
it can be seen that the spatial temperature reduction range of
green areas is about 300m, which is more effective than rivers.
Meanwhile, to reduce heat wave damage in Daegu, the green
area ratio in the city center was expanded to reduce the actual
summer temperature.'®

In the case of the Moran area, uncovering the current stream
is necessary to alleviate the heat wave, but considerable ad-
justment of understanding between residents considering
the existing road and parking conditions. Therefore, securing
various green spaces in a decentralized manner is worth con-
sidering as one of the practical alternatives.

B Conclusion

Starting with studies that we have referenced; nature had
a foreseeable impact on lowering the temperature in a met-
ropolitan city. As we have referenced these papers as well as
thought of ways that we could differentiate our research from
these other efforts, we sought to conduct our research on the
Tan stream area using both temperature and humidity data.
To look at how this newly added stream influenced both the
temperature and humidity of surrounding areas, we divided the
surrounding locations into four sections. We took measure-
ments simultaneously for these 4 study sites on June 14 and
June 15, 2021. The results that we got were different from our
hypothesis. We initially thought that areas 1 or 2, close to the
stream, would have the lowest temperature. However, we found
that that wasn’t the case, and the lowest temperature record-
ed was actually in the surrounding commercial area. However,
our hypothesis for the region with the highest temperature was
correct, as the residential area had the highest temperature. For
humidity, as we expected, the lowest humidity occurred near
the residential area, and the highest humidity occurred near
the stream. From these results, we can conclude that having a
stream in a city somewhat decreases the temperatures that the
citizens feel, which tells us that we should strive to incorporate
more of nature in our future city designs.

To study the temperature distribution across the different
types of land use, we measured the 4 study sites in the Pangyo
area and Moran area in Seongnam, Korea, on July 17 and 24.
To see the impact of temperature control, we studied the Un-
jung stream. The temperature distribution for the different area
types for Pangyo and Moran are as follows. 1) stream zone:
P1 (33.2°C) vs M1 (37.7°C), park zone: P2 (32.8°C) vs M2
(38.1°C), commercial zone: P3 (31.2°C) vs M3(34.9°C), res-
idential zone: P4 (34.2°C) vs M4(36.9°C). There needs to be
more research done to determine why the region with the
lowest temperature was the commercial area. The average tem-
perature between the two areas was 3.1°C lower in the Pangyo
area, which is judged to be the result of the combination of
the difference in planning for each phase of the city, includ-
ing the reflection of green zones as the presence or absence of
urban streams, and the density of development. To investigate
the temperature reduction effect of urban streams, the point
just below the Unjung Stream at sunrise was up to 1.9°C lower
than the surrounding area. To construct a city that is prepared
for the future, more research is needed to see the seasonal tem-
perature and humidity patterns of areas near the stream from
the past to get a more accurate explanation.
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