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(Original data for North American and European cities after Oke(1981)).
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CITY SIZE AND URBAN HEAT ISLAND INTENSITY FOR
JAPANESE AND KOREAN CITIES

Hye-Sook PARK*

The urban heat island intensity (difference between the highest urban temperature and the
lowest rural temperature, 4T,_;) increases generally with urban population. An apparent
linear relationship between the maximum heat island intensity and urban population can
be seen for North American and European cities by Oke (1973). There was a bend in the
regression line at the point of around 300,000 inhabitants for Japanese cities by Fukuoka
(1983). The similar relationship was also observed for Korean cities by Park (1986).

Figure 1 shows the relationships between the maximum heat island intensity and urban
population for Japanese and Korean cities. The regression equations for Japanese and Korean

cties can be given as follows.

Geographical Review of Japan 60(Ser. A)—-4 238~250 1987 * Graduate Student, University
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Japanese cities;; :

ATy rima = 1. 21 log P—3.92 (r* = 0.70; population <300, 000)

ATy rmaxy = 4.01 log P—19.09 (r? = 0. 87; population>300, 000)
Korean cities ; _

ATy rmax = 1.19 log P—4.73 (r? = 0. 97; population <300, 000)

ATy rmax = 3.74 log P—18. 44 (r? = 0. 98; population>300, 000)

The data on North American and European cities were obtained from Oke’s work (1973,
1981). Based on those data, regression' equations of North American and European cities
can be represented as follows.

North American cities;

ATy rmax = 2.96 log P—6. 46 (xr* =0.95)
European cities ;
AT yrmao = 1.92 log P—3.41 (r? =0.69)

where P is urban population. These two equations were created as part of the present study
and are different from Oke’s earlier equations (1973).

Since the correlation coefficients are very high, it can be concluded that the maximum heat
island intensity is closely related to urban population. The slopes of the regression lines
were smaller for Japanese and Korean cities than those in North American and European
cities for population below 300,000, but greater for larger population. The possible ex-
planation can be partially given by the difference of urban structure, urban activities, etc.,
between larger cities (over 300,000 population) and smaller cities (less than 300, 000). Here,
the author has given an attention to the correlation of urban structure and the heat isalnd
intensity. The sky view factor (i. e., ratio of buildingheight (H) width of urban canyons (street :
W)) to and ratio of impermeable surface(i. e., ratio of building and road area to total city
area) chosen as indices of urban structure.

Figure 2 shows the relationships between the maximum heat island intensity and sky
view factor for Japanese, Korean, North American, and European settlements. As high
correlation coefficients (Japanese cities, —0.83; Korean cities, —0.93; North American
cities, —0.96; European cities; —0.82) were observed, it is clear that sky view factor is
closely correlated to the heat island intensity.

A decrease of sky view factor results in an increase of absorbing short-wave radiation
for daytime and a decrease of outgoing long-wave radiation for nighttime thus causing a
warming of the urban area (Kobayashi, 1979 ; Birring and Mattssen, 1985). And a decrease
of wind speed by building in urban canopy layer results in a decrease of sensible heat flux
from the ground thus causing a warming of the urban area (Nishizawa, 1958 ; Nunez and
Oke, 1976).

Figure 3 shows the high correlation between the maximum heat island intensity and
ratio of impermeable surface coverage for Japanese and Korean cities(correlation coefficient :
Japanese cities, 0.88; Korean cites, 0.95). It is noticeable that the prevailing impermeable
materials play an important role in increasing the heat island intensity. An increase of

ratio of impermeable surface coverage results in a decrease of evapotranspiration, loss of

249 —



latent heat from the ground and the smaller the nocturnal cooling rates for the larger
thermal admittance thus keeping a warming of the urban area (Kawamura, 1964 ; Myrup
and Morgan, 1972; Oke, 1981).

Figure 4 shows the relationships between sky view factor and urban population for
Japanese, Korean, North American, and European cities. Sky view factor decreases with
increasing urban population. There were not bends in both regression linear lines at the point
of approximately 300,000 population for Japanese and Korean cities. However, the trend
of Hokkaido cities were different from another cities. The values of sky view factor in
Hokkaido were larger than those in another cities and the slope of regression line was
smaller than that in another cities.

Figure 5 shows the relationships between ratio of impermeable surface coverage and
urban population for Japanese and Korean cities. The ratio of impermeable surface coverage
increases with increasing urban population. Particularly, - there were bends in both re-
gression lines at the point of approximately 500, 000 population. The shapes of regression
lines are similar to those of the maximum heat island intensity and urban population
shown in Fig. 1.

One possible explanation for this is that urban population affects urban structure, i. e.,
urbanization tends to lead more use of impermeable surface materials. This then tends to
affect the heat balance in urban areas which in turn affects the heat island intensity.
Therefore, this points to strong interrelationships between the heat isalnd intensity, urban
population, sky view factor and ratio of impermeable surface coverage. Especially, ratio
of impermeable surface coverage is a suitable index which explains the reason why there
are bends in both regression lines at the point of approximately 300,000 population for
Japanese and Korean cities.

(Key Words; maximum heat island intensity (4 Tu-rman), urban population, sky view

factor, ratio of impermeable surface coverage)
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