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1. Introduction
In recent years, the thermal environment in urbanized

areas is becoming increasingly inhospitable for residents
because of urban heat island effect and global warming. These
phenomena are collectively regarded as urban warming. Many
countermeasures against urban warming such as improving
ventilation and increasing the green ratio in urban areas and
its effects have been studied. However, these countermeasures
should be introduced into suitable places for effective urban
environmental planning.

However, there are few ways for a stakeholder who
taking urban environmental design to know suitable urban
environmental design for each place. This seems to be one of
reason not to advance introduction of urban environmental
design to urban planning. Therefore, it is necessary to tell "what
kind of urban environmental design" should be used for "where"
to a stakeholder efficiently.

This study finally aims to make such guideline for Yokohama
area. In this paper, urban climatic zoning map that shows
"where" urban warming mitigation is needed in Yokohama is

made by using MSSG model and cluster analysis.
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2. Research Outline
2.1 Target Area

For this study, Yokohama was selected as the target area.
Urban areas extend throughout the whole city area; urban heat
island effect has been reported there . However, Yokohama
faces Tokyo Bay and is located near Sagami Bay. Therefore, it
is considered that the sea breeze effect mitigates urban warming

in this area.

2.2 Calculation Conditions

In this study, MSSG (Multi-Scale Simulator for the
Geoenvironment) model is used for numerical calculation. The
calculation period was from 0:00 JST on August 4 to 0:00 JST
August 8. Land use categories are classified into six categories.
As an original land use dataset, National Land Numerical
Information is used. Furthermore, results of Basic Survey of City
Planning in Kanagawa and Tokyo are used to identify building
meshes. In addition, a single-layer urban canopy model is
introduced. Anthropogenic heat is defined for every urban meshes

including from housing, roads, and factories in Yokohama.

3. Calculation Results
Figure 1 and Fig. 2 show horizontal air temperature
distributions at 12:00 JST and 5:00 JST on August 7 (2 m
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above the ground). At 12:00 JST, air temperature is lower in
the coastal area, becoming gradually higher toward inland
areas. Additionally, air temperatures are highest around the
northwestern part of Yokohama, reaching over 37°C. On the
other hand, at 5:00 JST, air temperature is lower in the inland

area, higher in the coastal areas.
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Fig. 1 Horizontal air temperature distribution at 12:00 JST, August 7
(2 m above ground).
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Fig. 2 Horizontal air temperature distribution at 5:

(2 m above ground).

4. Classification of Urban Areas by Cluster Analysis

Here, cluster analysis is performed to classify urban area
in terms of urban climate. As a classification method, Ward
method is used. Samples are urban meshes (i.e. Building,
building lot and Road) located in Yokohama. Actually, 46,615
meshes are used. For this analysis, we used averaged value
by surrounding 9 meshes to reduce spatial dispersion. Cluster
analysis used variables of 24 hourly air temperatures of August
7, 2015. Results show that all urban meshes are classifiable
into five zones in this study. Figure 3 shows a horizontal
distribution of each zone. Figure 4 presents the hourly average
air temperature of each zone. From Figure 9, the distribution
of each zone is classified mainly based on the distance from
coastal line of Sagami and Tokyo Bay. Additionally, the shapes
of respective zones are partly defined according to topography

and natural areas such as valleys and downward slopes of green
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areas. Figure 4 shows that the maximum air temperature is
highest in Zone 5 an inland area. The maximum air temperature

is the lowest in Zone 3, a coastal area of Tokyo Bay.
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Fig. 3 Horizontal distribution of each zone
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Fig. 4 Hourly average air temperature of each zone

5. Summary

In this paper, urban climatic zoning map that shows "where"
urban warming mitigation is needed in Yokohama is made by
using MSSG model and cluster analysis. For the future work, high
resolution calculation for some areas of each zone will be executed
and guideline that shows "what kind of urban environmental

design" should be used for "where" will be made finally.
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