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ABSTRACT: First, evidence of residents’ behavior on summer days was collected from historical materials for various 

time sections of the period. Their living spaces and environmental adjustment behavior were specified based on 

selected living activities during each section. Second, the distribution of surface temperature in the target site on a 

clear summer day was calculated by numerical simulation. Last, residents’ living spaces in the target site were 

evaluated from the remainder of MRT (mean radiant temperature) and air temperature. The results showed that MRT 

was generally lower than air temperature in the residents’ living spaces, suggesting that residents in the Edo 

residential area were able to select cooler living spaces. 
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INTRODUCTION 

This study focuses on the residential areas of townsmen 

in Edo, early modern Tokyo, about 150–200 years ago. 

The Edo metropolis was totally different in terms of 

spatial geometry and building materials but had the same 

local climate. 

In previous studies, summer surface temperature in Edo 

townsmen’s residential areas was calculated by 

numerical simulation
*1

. Results showed that the daytime 

heat flux load from the target site was higher than that of 

present-day Tokyo. On the other hand, the nighttime heat 

flux load was lower, indicating that the townsmen’s 

residential areas in Edo were never subject to the heat 

island phenomenon. 

Much has been written in historical materials to suggest 

that residents were making the most of regional 

characteristics of local climate by going outdoors and 

enjoying the cool evening breeze in the street.  

In this study, the thermal environment of outdoor living 

spaces was evaluated by numerical simulation, 

considering the relationship among spatial geometry, 

building materials, and residents’ behavior. 

 

 

STUDY OF RESIDENTS’ LIVING SPACES AND 

THEIR ENVIRONMENTAL ADJUSTMENT 

BEHAVIOR DURING SUMMER IN EDO 

MACHIYASHIKI BASED ON HISTORICAL 

MATERIALS 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 1: 3D-CAD models of the target site. 

 

Living activities of Edo townsmen related to surface 

temperature, such as strolling around the streets or  

spraying water on the streets, were well known and 

documented in historical materials of the time. The 

thermal environment of outdoor living spaces in the 

target site is affected not only by spatial geometry and 

building materials, but also by the living activities of 
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Table 1: Information for evaluation of the thermal environment 

considering residents’ living activities. 

 

 

 

 

 

 

 

 

residents. In this study, the residents’ resources are 

referred to as environmental adjustment behavior, and 

intentional change is referred to as environmental 

adjustment behavior (Table 1). 

When the influence of residents’ living activities on 

surface temperature is examined, a representative activity 

for a given time period is more appropriate than a 

momentary activity. Residents’ daily activities were 

included in this study and the range of spaces in which 

people carried out their activities was defined as outdoor 

living space. 

In this section, living areas and environmental 

adjustment behavior of the residents was studied from 

historical materials to evaluate the outdoor thermal 

environment in Edo machiyashiki. 

 

Previous Studies of Residents’ Living Activities in 

Edo machiyashiki 

In modern archeology, a full-scale investigation of Edo 

machiyashiki began in 1975 and became popular in the 

1990s. Although many discoveries had been made, there 

was little information available regarding the relationship 

between residents’ professions and their daily living 

activities. 

In environmental engineering, some studies have 

measured the thermal environment in buildings 

constructed in the late Edo Period, and Aratani’s (1990)
*2

 

study, which considered the thermal environment inside a 

traditional townhouse in Kyoto, is famous. Although this 

study was concerned with the influence of residents’ 

living activities on the thermal environment, most 

measurements were taken inside the building. In 

addition, the spatial structure of the traditional 

townhouse differs between Kyoto and Tokyo (Edo). 

 

Setting Conditions Before Extracting Specific 

Information 
Classification of Residents 

In the late Edo Period, occupations were totally different 

for men and women in Edo. In this study, children and 

the elderly were not considered, and only adults were 

included. 

a) Men 

According to Tamai (1977)
*3

, the profession of the male 

residents of Edo machiyashiki could be divided into three 

categories: merchants, craftsmen, and others. As the 

population of the “others” category was small compared 

to that of the other categories, this profession was not 

included in this study. In Morisada-manko
*4

, which was 

regarded as one of the most important historical materials 

describing daily life in Edo at that time, craftsmen were 

divided into two categories: dejoku, craftsmen who work 

outdoors, and ishoku, craftsmen who work indoors. As it 

is important to know whether their working areas were 

inside or outside, craftsmen were divided into these two 

groups in this study. 

b) Women 

As professions for women were limited at that time, 

housework was set as the main work for most women in 

this study. According to Morisada-manko
*4

, even a single 

woman acted like a married person when her age was 

over 20. Therefore, the women were divided into two 

groups in this study: merchants’ wives and craftsmen’s 

wives. 

In total, the residents in Edo machiyashiki were divided 

into five classes: merchants, dejoku, ishoku, merchants’ 

wives, and craftsmen’s wives. 
 

Division of Time 

The period of summer in this study was fixed from 

Taisho (June 15
th

 in the lunar calendar), the hottest period 

of the year, to Rishu (July 2
nd

 in the lunar calendar), the 

beginning of autumn. First, the exact date of the solar 

calendar during the later part of the Edo Period (from 

1804 to 1867) was extracted from Nihon-Koyomi-

Genten, which shows the exact dates of 24 annual 

seasonal festivals, according to the solar calendar, from 

the 14
th

 century to the 1960s. Then, the times of sunrise 

and sunset were investigated using the data of the 

National Astronomical Observatory of Japan
*5

, and mean 

values for date and time were calculated. Lastly, 24 daily 

divisions of time were set depending on the lunar 

calendar in the late Edo Period. Each division was 140 

min or 100 min for daytime and nighttime, respectively 

(Table 2). 

 
Table 2: Divisions of time in summer in the lunar calendar. 

 

 

 

 

 

Selecting Historical Materials for the Purpose of 

Extracting Specific Information about Residents’ 

Living Activities in Summer 

Historical materials that recorded the daily summer 

activities of ordinary citizens in Edo are limited. There 

are few historical materials of the Edo period still extant 

because of the frequent occurrence of fire. On the other 

hand, many descriptions referring to daily life in former 

Edo townsmen’s areas can be found in existing historical 

materials from the Meiji Period. In this study, focus is 

placed on these historical materials. 

 
Judging from Living Activities and Annual Events 
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Sentences related to living activities and annual events 

occurring in summer were selected from five historical 

materials
*6

, which have been shown by Japanese 

historical institutions to be authoritative representations 

of the typical life and customs of townsmen in Edo. After 

classification of the subject matter into five categories 

(annual events, living activities, special products, 

occupations, and foods), it was ensured that there was no 

dramatic change in annual events, living activities, or 

occupations between the Edo Period and Meiji Period. 

According to this information, it was clear that there 

were many similarities in living activities between the 

two periods until the late Meiji Period. 

 
Studying the Differences in Spatial Structure and Building 

Materials 

Two historical materials were added as further sources: 

reminiscences of two people who lived in the old Edo 

townsmen’s areas in the late Meiji Period (Table 3). 

Although the occupations of these two people were 

different, their years of birth were the same, and they 

lived in the same neighborhoods. There were many 

similarities between their descriptions of building names, 

street scenes, and features of streets. The information was 

confirmed from maps from the same period, ensuring the 

objectivity of the information. 

To study the differences in spatial structure and building 

materials between the two periods, words and images 

from the historical materials (Morisada-manko, Edo-

hanjoki and the two reminiscences from the Meiji 

Period) were compared (Table 4). From this, it was clear 

that there was little change in spatial structure or building 

materials in the back site of machiyashiki.  

 
Table 3: Reminiscences from the Meiji Period included in this study. 

 

 

 

 

 

 
Table 4: Differences in spatial geometry and building materials 

between the late Edo Period and Meiji Period. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Residents’ Living Space and Environmental 

Adjustment Behavior in Edo machiyashiki During 

Summer 

In the previous section, the similarities and differences in 

spatial geometry and material between the Edo and Meiji 

periods in the Edo townsmen’s area were discussed. In 

this section, living activities of residents are extracted 

from selected historical materials from both periods. 

 
Residents’ Living Activities in Edo machiyashiki 

First, all descriptions relating to the living activities of 

residents in the alley were extracted from the selected 

historical materials (Table 5).  

Second, keywords related to the living activities of the 

residents were chosen from each description, and 

keywords were classified into four groups (residents’ 

classes, activities, areas, and divisions of time in the 

lunar calendar). The residents’ activities included were 

limited to daily activities, and activities relating to annual 

or seasonal events were excluded. The following eleven 

activities were extracted from more than one historical 

material: getting ready in the morning, taking a bath, 

having a meal, taking a nap, working, having a haircut, 

washing oneself in a tub, enjoying cool breeze in the 

evening, going to a storytellers’ hall, and sleeping. 

Lastly, after collecting the information, the daily summer 

timetable of residents’ activities in Edo machiyashiki was 

shown for each division of time in the lunar calendar 

(Table 6). 

 
Definition of Residents’ Living Areas in Edo machiyashiki 

Before selecting the residents’ living areas, the range of 

outdoor living areas in the targeted Edo machiyashiki 

was defined. According to Tamai (1977)
*3

, the living 

areas in the machiyashiki were divided into five 

categories: indoors, alleys, communal areas, streets, and 

others (Fig. 2). By assigning a living area to each 

activity, 

 
Table 5: Summer daily timetable of residents’ activities in Edo 

machiyashiki. 
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Figure 2: Defined residents’ living areas in Edo machiyashiki. 

 

Table 6: Daily summer timetable of residents’ living areas in 

Edo machiyashiki. 

 

 

 

 

 

 

 

 

 

 
Table 7: Daily summer timetable of the residents’ 

environmental adjustment behaviors in Edo machiyashiki. 

 

 

 

 

 

 

 

 

 

 

 

 

which was determined for each division of time as 

mentioned in the previous paragraph, the daily summer 

timetable of the residents’ living areas in Edo 

machiyashiki can be shown (Table 6). The living area in 

daytime for merchants and their wives was set to be an 

omotenagaya (townhouse), and that for craftsmen and 

their wives was set as an uranagaya (longhouse). 

For the timetable, it was necessary to set the following 

conditions: most residents except dejoku stayed indoors 

in daytime, all the residents went out into the alleys or 

streets in the evening, and craftsmen and their wives 

stayed in the alley in the morning and evening. 

 

Grasping Residents’ Environmental Adjustment Behavior 

in Edo machiyashiki 

Keywords related to the environmental adjustment 

behaviors of the residents were chosen from each 

description and classified into three groups (introducing 

outdoor benches, spraying water on the street, changing 

materials in the openings of buildings), as described in 

section 2-4-1. The main constituents of activities, areas, 

and divisions of time were set for these three behaviors, 

and the daily summer timetable of the residents’ 

environmental adjustment behavior in Edo machiyashiki 

can be shown for each division of time in the lunar 

calendar based on the limited amount of historical 

material available (Table 7). 

For the timetable, it was necessary to set the following 

conditions: merchants and their wives sprayed water on 

the street, all the residents put outdoor benches in the 

alleys or streets in the evening until nighttime, and the 

openings of buildings were shop curtains in daytime and 

wooden shutters at nighttime. 

 

 

HOW TO DEAL WITH THE SELECTED 

RESIDENTS’ ENVIRONMENTAL ADJUSTMENT 

BEHAVIOR IN THE NUMERICAL SIMULATION 

In this chapter, ways to deal with residents’ 

environmental adjustment behavior in the numerical 

simulation were considered. 

 

Judging How to Deal with Residents’ Environmental 

Adjustment Behavior 

Although merchants and their wives did spray water on 

the streets in daytime, they did not stay in the streets at 

that time. Setting out benches in the alleys and streets in 

Edo machiyashiki resulted in a change in spatial 

geometry. For a low thermal capacity, surface 

temperature of both materials (shop curtains and wooden 

shutters) was the same as air temperature. Furthermore, 

no difference in surface temperature occurred between 

the two at nighttime, and so changes in materials in 

doorways were not considered. 

In this study, the spraying of water at nighttime and the 

setting out of benches in the alleys and streets were 

considered in the numerical simulation. 

 

How to Deal with the Selected Residents’ Behavior in 

the Numerical Simulation 
Introducing Outdoor Benches 

Benches were 40 mm long, 120 mm wide, and 40 mm 

tall, based on the design of an existing traditional one. 

The benches were assumed to be bamboo, based on the 

description in Reminiscences in Meiji Period, Meiji-no-

Ginza-shokunin-banashi, that “many people enjoyed cool 

breezes in the evening with benches made of bamboo.” 

People set their benches just outside the longhouses next 

to the entrances in alleys and in front of the longhouse, 

just one shaku (a traditional Japanese unit equal to 303 

mm) out in the streets. 
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Spraying Water on the Street 

The conditions of streets in the Edo townsmen’s 

residential area were notorious for their qualities. In 

Tokyo-fuzokushi, which is regarded as one of the 

important historical materials describing life in Tokyo in 

the early Meiji Period, there is a description of the 

street’s soil, which the people referred to as “mud soil” 

because of its qualities. When the weather was fine, the 

soil dried up and the wind raised dust. When it was 

raining, the soil became muddy. This was a recognized 

characteristic of Kanto loam, mentioned by Kaiduka 

(1964)
*7

. In this study, the quality of the soil was 

classified as unique. In the case of rain, it is expected that 

the streets would be submerged. In this study, focus is 

placed on the evaporative cooling pavement system 

introduced in the numerical simulation based on the 

study of Marui (2010)
*8

. In this study, the conditions of 

the submerged streets were considered to emerge as a 

result of the rate of hydration of the surface of the 

pavement that was saturated with supplied water, judging 

from the survey and measurement carried out by Marui 

(2010)
*8

. The study showed that the speed of evaporation 

was maintained when the pavement was saturated with 

supplied water, and conditions were similar to those of 

the submerged streets. This study deals only with 

instances where the water had just been sprayed and does 

not consider the process of evaporation. People started 

spraying water from 16:30, evaluation was carried out at 

17:30, and the temperature of the water was the same as 

air temperature at 16:30. 

 

 

EVALUATING THE SUMMER THERMAL 

ENVIRONMENT IN OUTDOOR LIVING SPACES  

In this chapter, the surface temperature at the target site 

on a clear summer day was calculated by numerical 

simulation, and the thermal environment in the target site 

was evaluated using MRT (mean radiant temperature) as 

an index. Residents’ living spaces were also considered. 

 

Spatial Characteristics in the Residents’ Living 

Spaces Judging from the Distribution of MRT 

The surface temperature at the target site on a clear 

summer day was calculated by numerical simulation
*1

, 

and the thermal environment in the living spaces was 

evaluated using MRT at living height (= mentioned later) 

as an index. The room and air temperatures were 

maintained at the same value because buildings of the 

time were not airtight. Depending on the average vertical 

thermal distribution calculated previously, the ground 

temperature at 0:00 was set as the underground thermal 

boundary condition. The simulation was allowed to run 

for five days. The simulation was run for the first four 

days under the abovementioned conditions, and the 

distribution of surface temperature on the fifth day was 

adopted as the periodical steady state. The living height 

of the residents was set at 1.2 m, according to the average 

height of people in the late Edo Period. 

 
Dawn 6 (4:40–6:59) 

All the residents except merchants stayed in communal 

areas. Craftsmen and their wives also stayed in the alley 

(Table 6). The distribution of MRT at living height was 

lower than air temperature (19°C), owing to nocturnal 

radiation cooling. Although the MRT in the alley was 

0.5°C to 1.0°C higher than air temperature, air 

temperature was already low in this time period. 

 
Morning  5 & 4 (7:00–11:39) 

In this division of time, dejoku were absent from the 

target site and only craftsmen’s wives stayed in the alley 

(Table 6). All other classes remained indoors. The 

distribution of MRT at living height in the outdoor living 

area was higher than air temperature, because all surface 

temperatures were higher than air temperatures owing to 

nocturnal radiation cooling. In particular, in Morning 4 

(9:20–11:39), the surface temperature rose rapidly and 

the distribution of MRT at living height in the alley was 

also 2°C to 3°C higher than air temperature (32°C to 

34°C). It was difficult for the residents to work in 

outdoor living areas in this thermal environment. 

 
Noon 9 & 8 (11:40–16:19) 
In this division of time, the MRT at living height in the 

outdoor living areas was higher than air temperature (Fig. 

3a). However, it was difficult for the residents to stay 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Distribution of MRT at living height and residents’ 

living areas in the target site and residents’ living areas.  
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outdoors under this thermal environment. Dejoku were 

absent from the target site, and the rest of the people 

stayed indoors (Table 6). 

 
Noon 7 (16:20–18:39) 

In this division of time, merchants and their wives came 

out of the buildings and stayed in the street, which was 

the first area to become one of the living areas in the 

target site. Dejoku came back to the target site, and 

stayed in the alleys with ishoku and craftsmen’s wives 

(Table 6). The other classes remained indoors. The 

distribution of MRT at living height in the outdoor living 

area was higher than air temperature (Fig. 3b), because 

all surface temperatures were higher than air temperature 

as a result of nocturnal radiation cooling. 

Surface temperatures were compared to study the 

influence of spraying water on the streets, using the 

spherical thermograph (Fig. 4). The surface temperatures 

of the streets (one example sprayed and one with no 

spraying) were compared at 17:30, by which time the 

conditions of the street had stabilized after the spraying 

of water. The usual surface temperature of the street, 

which received direct solar radiation in daytime, was 

32°C. However, the surface temperature fell to 24°C 

when the surface had been sprayed with water. 

In this division of time, the distribution of MRT at living 

height in the alleys was lower than air temperature, and 

also lower than other outdoor living areas in the target 

site (Fig. 3b). When the merchants and their wives 

sprayed water on the streets, the MRT fell, as did the air 

temperature in the alleys. This was confirmed using the 

spherical thermograph, in which the watered streets 

shared the large amount in the living areas on the street 

(Fig. 4). Both alleys and streets were classified as living 

areas in this division of time.  

Although this investigation was carried out to identify 

the upper limits of the effect, spraying water had a 

significant effect on the thermal environment of outdoor 

living areas in Edo machiyashiki. 

 
Evening 6 (18:40–20:20) 

The distribution of MRT at living height in all outdoor 

living areas was lower than air temperature, and the MRT 

of streets was the same as that of alleys. In this division 

of time, all the residents went out onto the streets to 

enjoy cool evening breezes (Table 6). There is a possible 

link between low MRT and residents’ living activities. 

 

Evaluating the Summer Thermal Environment in the 

Outdoor Living Spaces in Edo machiyashiki 

Considering Residents’ Behaviors 

The average value of MRT at living height for each 

outdoor living area in each distribution of time was 

calculated. Table 8 shows the average value of “MRT- air 

temperature”, the daily changes in the living areas of the 

target site and the residents’ environmental adjustment 

behavior in one.  

From this table, it is clear that all the values of “MRT- air 

temperature” in residents’ living areas within 2°C of the 

upper limit, except for the communal areas for Morning 

4. Furthermore, it is clear that some residents’ living 

areas were better thermal environments than others, 

affected by residents’ environmental adjustment 

behavior. 

 

 

CONCLUSION 

In this study, the summer thermal environment in the 

living areas of machiyashiki in Edo, presently known as 

Tokyo, was evaluated considering the residents’ living 

activities. First, daily summer timetables of the residents’ 

environmental adjustment behavior and residents’ living 

areas in Edo were constructed for each division of time 

in the lunar calendar based on a limited amount of 

historical material. Depending on the timetable, the 

distribution of MRT at living height in machiyashiki was 

calculated using numerical simulation. The simulation 

showed that the thermal environment of some residents’ 

living areas was better than others, because of the 

residents’ environmental adjustment behavior (e.g., 

spraying water on the streets) and changes of the living 

areas over the course of a day. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Distribution of surface temperature in spherical 

thermograph at 17:30 at point A for two cases. 

 
Table 8: Daily changes of residents’ living spaces and the 

subtraction of air temperature from MRT. 
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