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Explanatory variable Definition

Gross building

: Ratio of building area to block area
coverage ratio

Green coverage ratio [Ratio of green area to block area

AeEocibuiding Average of building height in each block

height
Standard deviation of |1, 1.4 deviation of building height in each block
elevation
Distance from Distance from center of gravity of block to its intersection
Coastline with coastline by drawing a line in a south-southwest
Distance from Distance from center of gravity of block to the nearest
River river as a logarithmic value
: Index of block pattern ' : Index of sea breeze

*2 EEIROIHIER (LB B&E. TB: &R

Explanatory variable
Objective variable: Gross N N Multiple
Average wind speed | p i ding Green |Average| Standard | Distance | Distance |correlation
in block [m/s] e coverage | building | deviation of| ~ from from | coefficient
N ratio height | elevation |Coastline| River
ratio
Areal| -0.54| **| 0.18] ** -0.11) * 0.63
Standardised| Area2 | -0.62| ** -0.18 * 0.66
partidl 1 preas | -0.54] = -0.16] **| -0.18| = 0.62
regression
coefficient | Aread | -0.59| ** -0.2) ** -0.27| ** 0.67
Area5 | -0.65| ** 0.3 ** -0.21| ** 0.69
*=“p value”<0.05 **=“p value"<0.01
Objective variable: Explanatory variable .
Average air Gross ; ; Multiple
9 P~ Green |[Average| Standard | Distance | Distance |correlation
temperature in block | building idi iati ;
coverage | building | deviation of| ~ from from | coefficient
degree Celcius] | coverage - - : ; -
[ ratio ratio height | elevation |Coastiine| River
Areal -0.21) ** -0.37] * 0.40
Standardised| Area2 -048| * | -0.5 * 0.58
partidl 1 peas| 0.22] 03 * 0.39) | 03g|" 0.56
regression
coefficient | Aread | 0.2) ** -0.2) ** 0.51|**| 0.35 * 0.60
Area5|( 0.12|**| -0.14| * | -0.3 ** 0.52| **| 0.24| * 0.62

*=“p value"<0.05 **=“p value”<0.01
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In recent years, the thermal environment in urbanized areas is becoming increasingly inhospitable for residents because of

urban warming. Many countermeasures against urban warming and its effects have been studied. However, these
countermeasures should be introduced into suitable places for effective urban environmental planning. In this paper, the
urban thermal environment in the coastal area of Hiroshima City was numerically calculated using MSSG, and the

temperature distribution trend in the entire delta was determined.

Keywords: Urban warming, Sea breeze, MSSG, Multiple regression analysis

1. Introduction

In recent years, the effects of urban warming have been
observed in various urban areas, and there is a demand for
urban planning considering urban warming mitigation. On the
other hand, effective countermeasures to urban warming may
differ depending on the climatic characteristics of the target
are, so it’s necessary to introduce appropriate countermeasures
in place. From this background, the goal of this study is
making urban environmental design guidelines that indicate
effective urban warming measures in each region.

In this paper, spatial patterns of air temperature and wind

distribution in Hiroshima Delta was visualized based on

results of numerical calculation of urban thermal environment

Fig. 1 Target area and calculation domain

using MSSG, and effects with Hiroshima Bay and six rivers

was analyzed. Furthermore, formation factors of thermal and 3. Distribution patterns of air temperature and

wind environments in the urbanized area around rivers were wind in whole Hiroshima Delta

analyzed by multiple regression analysis using the numerical Figure 2 shows air temperature and wind speed
results as input conditions. distributions over the entire delta. Figure 2 shows that sea

breeze from Hiroshima Bay blow along river, and air
2. Target area and calculation setting

Target area was Hiroshima Delta where Central Hiroshima
City is located. This delta was formed by Ota River, and six
rivers flow through the city. Two numerical calculations were

temperature on the rivers is lower than that in the urban area.
Depending on shape and width of the river, distance that
blowing sea breeze along river are different. Ota river

drainage channel located western part of target area has large

carried out, one for the entire delta (red frame) and the other width and simple shape, so this distance is longer than other

for the area where the rivers are concentrated (blue frame), rivers

using MSSG. The spatial resolution of the former is 10 m and As the whole distribution patterns, air temperature rises

the latter are 5 m. gradually from the coast to the inland, the wind speed

gradually decreases on the contrary. This pattern is almost
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Fig. 2 Horizontal distribution of air temperature and wind speed

same with ai r temperature observation results measured in
Stevenson screen at the elementary schools shown in figure 2.

4. Formation factors of thermal and wind
environment in urbanized areas around rivers

A multiple regression analysis was performed using the
results of numerical calculation for urbanized areas around
rivers as input conditions. Objective variables were the
average air temperature and wind speed for each block, and
six variables shown in Table 1 were used as the explanatory
variables. The analysis was carried out for five districts
divided by the river, respectively. The results of the multiple
regression analysis are shown in Table 2. When mean wind
speed was used as the objective variable, all multiple
correlation coefficients were above 0.6, with gross building
coverage ratio and distance from coastline were chosen as the
explanatory variables. Distance from the river was chosen in
only one district.
On the other hand, when mean air temperature was used as
the objective variable, distance from river were chosen in
three districts. Distance from coastline and Gross building
coverage ratio are also chosen in all of these districts, so it
seems that utilizing wind effects are important to improve
thermal environment in these areas.

5. Summary

In this paper, the urban thermal environment in Hiroshima
Delta was calculated using MSSG.

In the future, Hiroshima Delta will be classified into some
zones based on air temperature reduction effect of sea breeze
and river by improving the accuracy of the numerical
calculation results, and a list of countermeasures for each zone
will be created.

Table 1 Summary of explanatory variables

-/ Wind speed

Explanatory variable

Definition

Gross building
coverage ratio

Ratio of building area to block area

Green coverage ratio

Ratio of green area to block area

Average building

Average of building height in each block

height
Slancad deylat|on o Standard deviation of building height in each block
elevation
Distance from Distance from center of gravity of block to its intersection
Coastline with coastline by drawing a line in a south-southwest
Distance from Distance from center of gravity of block to the nearest
River river as a logarithmic value

: Index of block pattern

Table 2 Result of multiple regression analysis

: Index of sea breeze

Explanatory variable
Objective variable: Gross - - Multiple
Average wind speed | p i ding Green [Average| Standard | Distance | Distance |correlation
in block [m/s] i — coverage | building | deviation of| ~ from from | coefficient
N ratio height | elevation |Coastline River
ratio
Areal | -0.54[**| 0.18| ** -0.11) * 0.63
Standardised| Area2 | -0.62| ** -0.18| * 0.66
partial | seas | -0.54 = -0.16)** | -0.15| ** 0.62
regression
coefficient | Aread | -0.59| ** -0.2] ** -0.27| ** 0.67
Area5 | -0.65 ** 0.3 ** -0.21| ** 0.69
*="p value’<0.05 **="p value”<0.01
Objective variable: Explanatory variable .
Average air Gross ; ; Muitiple
9e Ay Green |Average| Standard | Distance | Distance | correlation
temperature in block | building idi iati )
k coverage | building | deviation of|  from from fficient
[degree Celcius] | coverage : ; : i - coeficient
eyl ratio ratio height | elevation |Coastline| River
Areal -0.21)** -0.37| * 0.40
Standardised| Area2 -0.48| * | -0.5) * 0.58
partial 1 peas| 0.22] 03 * 039 = [ 0.38* 0.56
regression
coefficient | Aread | 0.2 ** -0.2) ** 0.51* | 035 * 0.60
Area5 | 0.12** [ -0.14| * | -0.3] ** 0.52| **| 0.24| * 0.62
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