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Abstract: The underestimation of population growth has resulted in the disruptive and uncontrolled
expansion of settlements in Ho Chi Minh City (HCMC). The outcome is a complicated mix of new
spontaneous dwelling areas featuring a number of distinct urban morphologies. Previous studies
have shown the impacts of urban morphologies on comfort levels in outdoor environments. The paper
examines the correlation of microclimatic conditions and constituents that create the urban spatial
form of residential neighbourhoods, particularly around ‘shophouse” buildings. Understanding that
relationship is significant for improving the future planning and design of residential zones and the
creation of a pleasant external environment. Seven urban dwelling patterns were studied. Thermal
variables were measured on-site over a summer season, while meteorological data were recorded.
Additionally, numerical studies of the microclimate around two sample sites showed variations
owing to different urban contexts. During summer, the outdoor conditions for the types surveyed
ranged from 29.5 to 38.0 °C air temperature, 41% to 79% humidity, and 0.1 to 0.9 m/s airspeed at the
occupied level. Environmental variations averaged 1.5 °C, 7% relative humidity, and 0.3 m/s between
the urban geometries. Occupant thermal satisfaction was found around formally planned dwelling
blocks, while compact neighbourhoods were characterised by cooler temperatures, but poor airflow
and daylight. The outcomes are significant for optimising urban and building design.

Keywords: urban morphology; urban microclimate; comfort; ‘shophouse’ buildings; Ho Chi
Minh City

1. Introduction

1.1. Background

Thermal comfort is a complex issue and studies of occupied environments have two main
conceptual backgrounds: the predicted mean vote (PMV) approach, originally devised by Fanger [1],
which was derived from laboratory experiments; and the adaptive approach, which was derived from
the assessment of real building environments in which occupants could adapt themselves and their
building space. The adaptive approach is also more closely associated with free-running buildings
rather than closely-controlled (often air-conditioned) buildings.

In relation to the adaptive approach, and arising from a process of plotting data collected
from world-wide field surveys, Humphreys found a close linear regression for the indoor neutral
temperature (which is the temperature of the thermal environment in which people sense neither
warm nor cool) against the outdoor temperature in naturally ventilated buildings, and a complex
relationship in air-conditioned buildings [2]. In other words, changes in the outdoor meteorological
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conditions can cause a positive or negative connection to the indoor climate through the physical
building, subsequently influencing the thermal satisfaction of occupants. Comfort, particularly in
free-running buildings, is a result of a complex interplay of external climate patterns, building (design,
building type, and cooling principle), and people (physiology, psychology, and behaviours) [3-6].
These considerations, coupled with global warming and the increasing urban heat island (UHI) impacts
resulting from changeable land use and city configuration, have negative influences on comfort
conditions, health, and energy use of buildings [7,8]. Uncomfortable warmth can be produced in local
open spaces and is also associated with an increase in the use of energy in building mechanical cooling
systems [9].

Over the last 40 years, a large number of studies on indoor thermal comfort have been conducted
for various building types across widely varying climatic regions; however, only modest work on
occupant thermal satisfaction in urban spaces has been carried out [10,11]. Several studies have
determined that comfort in outdoor thermal environments is more complex to investigate because
of the diversity of temporal and spatial factors within a neighbourhood or among neighbourhoods
around a city [12-14].

Many studies on outdoor thermal sensations have been carried out through field questionnaire
interviews and measurements across various urban spatial geometries and climatic zones.
Nikolopoulou et al. undertook interviews with 1431 participants to understand the human parameters
in outdoor spaces in Cambridge, United Kingdom. She found the pedestrians’ thermal neutrality to be
17.8 °C [15]. Between 2001 and 2002, the RUROS project (Rediscovering the Urban Realm and Open
Spaces) investigated microclimate and comfort in urban spaces described by distinct spatial structure
located in six cities in European countries [10]. The climatic characteristics and comfort temperatures
were found to vary between those locations. The common limits of neutrality in summer ranged from
16.0 to 28.9 °C, and people were uncomfortable at 30.0 °C in the stale/static air condition.

In the tropics, other researchers conducted a number of surveys on the physical environment,
along with recording subjective sensation in a wide variety of urban spatial conditions. Fieldwork
with 1018 subjects in Australia by Spagnolo and de Dear determined a comfort temperature of 26.2 °C
in outdoor and semi-outdoor locations [13]. The work of Bakar and Gadi predicted a comfort zone
of 27.5-33.7 °C for public spaces in Kuala Lumpur, Malaysia [16]. Surveys of six different urban
functional areas in Barranquilla, Colombia found pedestrians’ thermal neutrality to be 27.9 °C and a
comfortable temperature range of 25.0-31.0 °C in the sunny season [17]. In a similar season, thermally
acceptable conditions of urban spaces in Chiang Mai, Thailand were between 23.1 and 31.0 °C, with
a neutral point of 27.1 °C [18]. Lin et al. investigated subjective thermal perceptions in a public
square in Taichung, Taiwan. The outdoor desired temperature was 25.6 °C and the range of acceptable
temperatures fell between 21.3 °C and 28.5 °C during a warm summer [19,20]. The research team
continued conducting a widespread investigation into public spaces in central Taiwan. Their findings
concluded the comfort temperature was 29.0 °C and the acceptable outdoor environmental band was
26.0-31.0 °C in the hot season [21]. Focusing on street environments influencing thermal comfort in
Hong Kong in summer, Ng and Cheng analysed 1567 datasets collected under shaded conditions and
found the desired outdoor temperature to be around 28.0 °C and acceptable wind velocities between
0.9 and 1.3 m/s [11].

Taken together, the outcomes of these previous studies on comfort in urban environments provide
an understanding of the strong correlation between outdoor comfort conditions and local microclimate.
It is clear that the variations of urban geometries contribute to the ability to control that relationship.
This can be beneficial if correctly designed at different urban scales: building, urban block, and city
scales [22,23]. Furthermore, while the range of environments that subjects find comfortable has been
predicted, the contextual terms of climate, the spatial structure of external space, and social background
are less certain and result in variations of occupant thermal sensations in different functional urban
environments across different climatic regions. The role of wind speed and wind direction is of great
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significance here, and particularly where these factors interact strongly with internal air movement
and consequently with internal thermal comfort.

For the context of the research reported here, the comfort predictions gathered in the humid
tropics show that the conditions of subjective thermal neutrality in spaces around buildings fall into a
typical range of 23.0-31.0 °C in warm summer periods. Additionally, sufficient provision of wind flow
is suggested within the range of 0.9-1.3 m/s. Considering the factors overall, there is a need for further
research and particularly to better understand some of the relationships between ambient conditions,
building features, internal environments, and human comfort—this paper addresses such issues.

1.2. Aim and Objectives of the Paper

Most research literature has separately focused on thermal comfort indoors or outdoors; however,
there is a lack of a connection between the two. Furthermore, although the existing fieldwork studies
have investigated outdoor comfort conditions for urban environments, most of those surveys have
been conducted for three dissimilar environment types: smaller-scale public spaces characterised
by a particular usage; larger open areas, for example, parks, railway stations, public squares, bus
interchanges, and so on [10,13,14,19]; or the larger city scale [7,11,24].

Returning to consider the previously identified correlation of outdoor climate and indoor comfort,
some questions thus emerge, as follows: What are the real microclimatic patterns around buildings
within a settlement? Whether or not most available findings discovered in open spaces actually
reflect microclimate and occupant thermal perceptions in different urban geometries, particularly
blocks of residential buildings in tropical cities? Although some research has considered the outdoor
environments in a variety of open spaces, this has not reflected systematic issues such as those that
would be linked to intrinsic principles of planning/zoning.

In order to address this research gap, this paper researches microclimates surrounding residential
buildings in Vietnam through a case study of Ho Chi Minh City (HCMC). The current study is
particularly related to the ‘shophouse’, which is a unique vernacular housing typology found extensively
across SE Asia, including in Vietnam. This typology is linked to both the specific features of the building
and its urban pattern. Using as a basis an existing database for the systematic classification of shophouse
urban structure types in HCMC [25], this paper aims to analyse the physical variations of urban patterns
through their urban constituents. The shophouse settlements are characterised by diverse conditions,
such as subdivided building types, density, height, open area, vegetation, and building grouping
patterns—all of which can be difficult to incorporate into a design process to achieve satisfactory
ambient thermal environments. The paper then identifies varying environmental performances
according to a system of urban types. Finally, the effects of urban morphology on outdoor microclimate
are determined by applying a combination of four methods including mapping, field measurements,
monitoring, and simulation. The study goes on to propose appropriate recommendations for the
urban design of residences to improve the outdoor microclimate, which can lead to greater thermal
satisfaction with both internal and surrounding climates and consequent reductions in energy demand.
While the study is clearly located in one, albeit important, city, the outcomes have implications for the
wider geographical region as well as similar housing types and urban configurations.

2. Materials and Methods

2.1. Location of the Study

HCMC is the second-largest city in Vietnam and is located in the south-central part of the country.
The city experiences a climate of high air temperature, high humidity, and heavy rainfall throughout
the year. The mean annual temperature is 28 °C; however, over summer, the extreme temperature can
reach up to 40 °C. The average monthly relative humidity ranges from 70% to 85% [26]. Two prevailing
winds flowing across the city are the west and southwest monsoon winds in the rainy season and the
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north and northeast monsoon winds in the sunny season. Furthermore, the trade wind from the south
and southeast also operates from March to May [27].

Since the initiation of the ‘Doi Moi” economic renovation in 1986, many reforms have occurred
across Vietnam, in which HCMC has played the leading role [28]. The economic changes are linked to
an explosion of population and urbanisation. The census of 2015 concluded that the total population
of HCMC was almost 9 million people; this figure is almost 1.8 times higher than in 1999 and with over
90% of citizens living in urban areas [29,30]. The city projections to 2025 expect a rise in population to
13.9 million, of which 10 million would be considered municipal residents [31].

The population growth also means a massive urban expansion and rise in housing demand
from both local people and migrants. The total city area of 2093 km? consists of four sub-regions:
core-centre, former inner, new inner, and suburban. The city area covered by hard construction surfaces
increased by 20% between 1989 and 2006 and is associated with an increase in the average surface
temperature of 4 °C in urban areas. Additionally, a difference of up to 10 °C was found in central city
districts [32,33]. The predicted urban population in 2025 would be accompanied by an expansion to
750 km? of the overall built-up area, increasing urbanisation in new inner and suburban districts, and
a decline in population in the centre [34]. Since 2015, over 300 residential building projects have been
developed across the city, mainly in new districts and peripheral areas. The exacerbating effects of
both urbanization and population growth have resulted in chaotic urban development without clear
management of long-term planning and management in HCMC. The impacts of expanding residential
neighbourhoods, as well as global warming, have accelerated the problems of urban climate. The
microclimate has changed and there is greater variability between neighbourhoods accompanied by
increasing risks for comfort and air quality experienced by occupants in HCMC. The city’s mean
temperature has risen by 0.9-1.2 °C since 1958 [35]. Climate changes and man-made modifications
have resulted in unsatisfactory thermal environments in and around buildings, and in trends for
increased energy use.

As will be discussed below, the architectural and planning characteristics of the shophouse
typology, as well as its urban spatial structures, will be presented using a systematic categorisation. In
addition, the climatic results of field measurements around shophouse dwellings during summer will
be discussed and a computational analysis of the outdoor microclimate of two sample sites will be
carried out; finally, some conclusions will be extracted.

2.2. Studies on Housing and Urban Structure Types

2.2.1. Classification of Dwelling Types

The ‘shophouse’ is an individual house that has a particular settlement pattern including a ‘shop’
for commercial/retail/work purposes, normally found on the ground floor, and the ‘house’, providing
accommodation on the upper floors. Across Vietnam, the shophouse dwelling type is predominant,
accounting for around 98.5% of the housing market in comparison with the occupancy of other types:
flat (1.4%) and villa (0.1%) [29]. Considering HCMC, the total construction coverage of shophouse
buildings was approximately 95% of the built-up land area for residential buildings, according to field
observations between 2010 and 2014 [36].

The shophouse dwelling is basically a form of terraced house. Its principal characteristic is a
convoluted building form, but often appearing to be like a long and thin tube, so they are also known as
“tube houses”. Typically, building dimensions are 3-5 m in width and 20-25 m in depth, even reaching
up to 100 m in some older traditional properties. The shophouse can comprise one storey or more
up to a normal maximum of five, as shown in Figure 1 [37]. All dwellings are positioned along, and
perpendicular to, streets and alleys. Thus, people can approach the main fagade of buildings from road
or alley before entering deeper within the building [38]. An overarching review of the morphologies of
shophouses shows they are diverse in size, configuration, style, and structure.
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Figure 1. A sample of modern shophouse dwellings in Ho Chi Minh City (HCMC) (No 6, No 41 str,
Dist 4, HCMC).

The five-year survey findings of land use in HCMC have identified a total of five shophouse
types: rudimentary (Type 1), traditional (Type 2), new (Type 3), commercial (Type 4), and row house
(Type 5) [39]. Examples of each type are shown in Figure 2. The subcategorised housing types are
differentiated by architectural and planning distinctions in terms of location, usage, access, material,
building volume, height, and design features. For instance, Type 3, which is predominant out of
the five shophouse types, usually appears in compact municipal areas. They have a wide variety of
building size, facade appearance, architectural style, and a number of floors. Meanwhile, Type 5 is
primarily a three- to five-storey shophouse archetype, which is used for lower density residential
neighbourhoods with or without public spaces/facilities.

Figure 2. Five shophouse types found in HCMC: (1) rudimental shophouse; (2) traditional shophouse;

(3) new shophouse; (4) commercial shophouse; and (5) row house.

2.2.2. Urban Structure Types

The University of Cottbus, Germany carried out extensive studies on the adaptation of HCMC to
climate change between 2010 and 2014. One significant factor in their research was the classification of
city spatial patterns, which was based on building types, urban constituents, and their construction,
covering both fully formal and informally planned areas. Using the Land-use Map 2010 at a scale of
1:25,000 combined with fieldwork, a total of 82 city structures were defined with 16,292 blocks and
a subset of five major classifications: residential, public and special use, industrial and commercial,
green spaces, and traffic system and water networks [36].

Settlement structural definitions were assigned to 6717 blocks including 12 patterns, with 6436
blocks categorised as urban low-rise dwellings (Table 1) [25]. The morphologies of residential blocks
are determined by many factors: land use, road pattern, population density, spatial pattern, building
ratio, planned green space, housing archetype, and building height. For the scope of this paper,
seven urban morphologies highlighted in Table 1 were studied considering physical characteristics,
microclimate, and the impacts of urban components on such a climate.
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Table 1. Summary of urban structure pattern types of ‘shophouses’ (source: Downes & Storch, [30]).

Type ‘Shophouse’ Category No. of Blocks Building Ratio Surface Area (ha)
1 Regular new community 62 60 392
2 Regular new 100 70 450
3 Regular + narrow streets 592 75 2063
4 Irregular high density 425 78 1602
5 Irregular + yards 794 57 4444
6 Irregular + regular 23 69 350
7 Regular + yards 153 44 2020
8 Irregular clustered 741 30 5490
9 Irregular scattered 815 28 6990
10 Irregular + large gardens 2342 5 17,133
11 Irregular temporary 85
12 Shophouse + industry 222 74 1292

2.3. Research Methods

2.3.1. Identification of Residential Urban Types for Survey and Analysis

Each of the seven selected patterns of urban morphology, which provide a good selection of
commonly dwelling urban structures, were visited and outdoor environmental parameters were
measured. There were 65 settlements of seven urban pattern types studied around the city. The extant
proportions of the investigated urban types are shown in Figure 3, in which pattern types 3 and 4 are
the most popular. Each pattern type is characterised by a distinctive spatial morphology; however,
because of some similar constituents of some urban typologies, four groups of urban pattern types
were devised: Group 1 (pattern types 1 and 2), Group 2 (pattern type 3), Group 3 (pattern types 4, 5,
and 6), and finally Group 4 (pattern type 7) (Figure 4).

= Type 1l

= Type 2
3%

m Type 3

Type 4
m Type 5
u Type 6

m Type 7

Figure 3. Proportions of urban housing pattern types in the research.

Figure 4. Examples of urban structure pattern types in the study ((1) pattern type 1; (2) pattern type 2;
(3) pattern type 3; (4) pattern types 4, 5, and 6; and (7) pattern type 7) (source: Map data ©2018 Google).

Group 1 was characterised by the terraced housing archetypes located perpendicular to main
streets in a back-to-back pattern, and with communal spaces within each residential block. The
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distribution of Group 1 is common in new and peripheral districts of HCMC. Group 2 has a high
density of occupancy found in the 2060 ha of the inner-core and new inner areas of the city. The spatial
structure of Group 2 includes the regular development of low and high shophouses facing narrow
streets/alleys. The spaces within buildings are usually narrow and open to the main streets. Group 3
includes three urban patterns: the major feature of this group is an irregular and non-homogeneous
high-density pattern of dwellings with narrow streets or alleys. The buildings are located along
alleyways spreading away from the main streets. The houses’ architecture varies, and there is no single
archetype. Group 4 is generally found in the new inner and suburban neighbourhoods of HCMC. This
group’s morphology is characterised by a less dense structure and regular arrangement of houses. The
housing found in this group includes new and rudimentary houses of one to three stories along main
streets. Within buildings, many unplanned green spaces can be found.

2.3.2. Research Techniques

Four research techniques were used, including mapping, field measurement, climate monitoring,
and simulation. These were used in combination as follows.

Mapping was the tool used to understand the urban form and building footprints of the urban
blocks through satellite photos and figure-ground maps.

Outdoor Field Measurement. To examine microclimate around shophouses, fieldwork at 59 locations
covering seven urban typologies was conducted in HCMC in April and May 2017. The climate
during these two months is the most rigorous because of heat and lower precipitation. Close to every
dwelling urban block, some locations for measurement were selected, and then thermal variables—air
temperature, relative humidity (RH), and airspeed—were measured using hand-held calibrated
instruments (PCE-WB 20SD and Testo 425 hot-wire anemometer). The date and time of measurement,
as well as sky conditions, were also recorded. The measurements were carried out from 09:00 until
17:00 during summer. The environmental parameters were collected at the level of pedestrians and
were read after 3 min of calibration. The air velocity was averaged by a number of measurements over
3 min.

Climate Monitoring. Along with the field measurements, the meteorological data of the city’s
weather station were also collected. The data amassed do not constitute full continuous sampling
(which would be impossible without much greater resource); however, it does provide information
across such developments about environmental conditions that have not previously been reported.

Moreover, to provide further systematic data for the further investigation of variable environmental
conditions around residential neighbourhoods, Netatmo type weather stations shown in Figure 5 were
placed within three different urban types: Type 1, Type 3, and Type 4. Such a weather station contains
three units: an indoor module, which records the internal physical variables; an outdoor module to
record air temperature and humidity simultaneously; and an anemometer to collect data on wind
speed and direction. The weather stations were left to operate remotely over a period of two months,
but with daily checks performed using online data.

Figure 5. Netatmo weather station (outdoor and indoor units, wind gauge).
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Simulation. The microclimate of the urban blocks was also estimated over the year from numerical
analyses using the software of ENVI-met (this is a well-known and widely used tool for understanding
and simulating urban environments). Although ENVI-met is a tool that is useful to compare the
variations of underlying thermal performance among different research cases, the software shows
limitations in predicting absolute conditions on the specific values of thermal variables. The thermal
conditions in terms of air temperature and air movement were predicted for the months of March,
June, September, and December, and from 09:00 to 17:00. The simulation was processed for sample
areas defined by zones of 100 m x 100 m.

3. Results

3.1. Owerall Results for Microclimatic Data

Summarising data from the 59 environmental measuring points around the city at levels under
10 m show that the average temperature was 32.6 °C (SD 1.63), mean RH was 61% (SD 8.06), and air
velocity was 0.32 m/s (SD 0.19) during the two months of April and May (Table 2). Over summer, the
outdoor temperature and airspeed reached a peak at nearly 38 °C and 0.9 m/s, respectively.

Table 2. The outdoor environment in summer over 59 cases.

Variable N Min. Max. Mean Std. Devw.
Air temperature (°C) 59 29.5 37.8 32.6 1.63
Relative humidity (%) 59 41 79 61 8.06
Air velocity (m/s) 59 0.07 0.9 0.32 0.19

Considering the outdoor microclimate of settlements, which are characterised by different urban
constituents, the on-site measurements of the physical variables at 59 different locations across the
city in summer 2017 indicate the variations of the urban environment between the residential blocks
investigated. Those urban physical features help quantify comfort/discomfort of the individual
urban morphologies, and thus can support the assessment of appropriate design recommendations
or changes to respective spatial structures of settlements. The environment surrounding dwellings
classified according to the four groups of urban structures was evaluated using boxplot analysis of air
temperature, RH, and air movement, along with the longitudinal climatic pattern. The next subsections
will show more details.

3.2. Air Temperature

Figure 6 indicates that the hottest thermal condition measured was in Type 3, which was
characterised by the highest median (33.6 °C, SD 1.67) and maximum (38 °C) air temperature over
summer. Meanwhile, the average ambient temperatures within other urban types were lower or equal
to the overall average value shown in Table 2. The mean air temperature in pattern type 1 + 2 and
pattern type 7 areas was similar and close to the average of 32.6 °C. However, the variability of the
thermal conditions during the day was different between those urban types. One way to examine this
is to look at the statistical variation in values about the mean. In pattern types 1 + 2, the fluctuation
of air temperatures is narrower at 2.5 °C (31-33.5 °C) and with SD (1.49) and standard error (0.47)
compared with the wider range of 5 °C (29.5-34.5 °C), higher SD (1.92), and higher standard error
(0.78) in pattern type 7. In pattern types 4 + 5 + 6, the mean of air temperature outdoors was the lowest
of all seven urban patterns, with 32.2 °C (SD 1.52).
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Figure 6. Distribution of air temperature by urban pattern types.

Figure 7 depicts the distributions of air temperatures recorded by the Netatmo weather stations in
two hot months (April and May) for three of the urban types studied. The results represent a difference
of average temperature (2 °C) between those cases: pattern type 1-32 °C (SD 1.33), pattern type 3-33 °C
(SD 1.58), and pattern type 4-31 °C (SD 1.23). They support evidence that warmer temperatures
are experienced around the shophouse buildings in the urban structure of pattern type 3—especially
during extreme heat periods of over 39 °C, which usually occurred around noon. In general, the
pattern of exterior thermal condition surrounding pattern types 1 and 4 was similar and showed more
pleasant conditions during the testing period. However, the temperature data recorded generally show
potential for less thermal satisfaction in the daytime in all three pattern types (1, 3, and 4); occupants
would be exposed to many hours of daytime hot temperatures during hot months.

Figure 7. Hourly distribution of outdoor temperature in three shophouse urban types 1, 3, and 4.
3.3. Relative Humidity

Relative humidity varied between 48% and 80% across all urban types observed during summer.
Some details are shown in Figure 8. The hot air temperature caused the drier environment over summer
months in pattern type 3, while the air condition was more humid in all other patterns. However,
referring to the acceptable relative humidities as defined by TCVN (Vietnam Building Standard)
7438:2004 shows that almost 100% (pattern type 3) and 75% (all other pattern types) of RH values
recorded comply with the standard at a range of 30% to 70%. Data collated for the lowest density
neighbourhoods (pattern types 1 + 2) and the highest density blocks (pattern types 4 + 5 + 6) show
the humid condition of the air in those locations; the supplement of air breezes is thus significant in
improving occupant thermal comfort by dissipating moisture in the hot condition. In summer, the
relative humidity can be seen to peak at about 80%.
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Figure 8. Distribution of relative humidity in different pattern type groups.

The above analyses simply compare the humidity levels between the real condition and
recommendation implemented in the national standard; it should also be noted that the variable is
coupled with air temperature and that it is more difficult to measure and explain the influence of
humidity precisely and independently [40]. Humidity is, however, confirmed to be an important
factor influencing human comfort and health in warm-humid climates [40,41]. Under those climatic
conditions, the involvement of sufficient air velocity for ventilative cooling is a great advantage for the
indoor and outdoor environment and air quality [1].

3.4. Natural Wind Environment

Unlike the meteorological data from the official weather stations, which are located in open areas
and at a greater height, the observations of the wind environment at the lower level within the urban
dwelling blocks environment showed the majority of air velocities were low, typically less than 0.3
m/s over the summer period. This difference found between climatic data and actual measurements
is significant for both dwelling planning and design, but it is important to be able to understand
the impact.

From previous studies, the acceptable natural wind range for occupants in the tropics was reported
as either in the range 0.3-0.9 m/s (i) [42], 0.5-1 m/s (ii) [9,43], or 0.9-1.3 m/s (iii) [11]. From these three
references, the limits set in (i) and (ii) are commonly applied for indoor spaces. Under warm thermal
conditions in summer, people can be comfortable at a high air temperature under the intervention
of increased air velocity [40]. Measured airflow in the city ranged from 0.1 to 0.9 m/s in the summer
months (Figure 9a). The histogram analysis of recorded wind data shows that the air movement was
insufficient over 53%, 75%, and 93% of residential neighbourhoods surveyed in total corresponding to
findings (i), (ii), and (iii), respectively.
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Figure 9. Air velocity shown as frequency distribution (a) and by variation in urban pattern type (b).

Referring to the acceptable zone of air velocities (0.3-1 m/s) recommended by Gong et al. [44] and
Szokolay [9], approximately 70% of airspeed values were observed to fall within the limits in the urban
patterns of types 1, 2, and 7. The maximum air velocity in pattern types 1 + 2 and type 7 was recorded
at 0.6 m/s and 0.9 m/s, respectively (Figure 9b). High-density construction and the irregular urban
morphology may well explain the poor performance of wind flows in pattern types 4 + 5 + 6: 75%
of airspeeds were lower than 0.3 m/s, causing summer thermal discomfort in these types. In pattern
type 3, the variability of wind speed was from 0.1 to 0.8 m/s, with half the values above 0.3 m/s in the
hot months.

The data gathered from the long-term installation of the loggers indicated the presence of higher
values of wind speed when measured over the period as compared with the short-term ‘snap-shot’
measurements. This is plausible because of some differences in measuring methods and the slightly
higher measurement location of these meters. The short-term recording of airspeeds around specific
areas within Type 1, 3, and 4 shows some discrepancies that might be attributed to the influences
of urban and building patterns (Figure 10). The variation of mean airspeed was 2 m/s across three
urban morphologies. The wind flow in and around the residential blocks designed with a lower
density and a more regular spatial pattern was better and more uniform, which is an advantage in
providing a pleasant thermal environment for both climates in and around houses. The complex urban
morphology of Type 4, along with variable housing volume and height, is a significant reason for the
fluctuation of the wind environment. Although air velocities were intense at certain times, airflow
distribution within the shophouses in Type 4 was relatively poor. Consequently, both indoor and
outdoor human thermal comfort in and around the dwelling blocks of Type 4 benefit little from the
effects of natural wind.

Figure 10. Hourly distribution of air velocity at three urban types (1, 3, and 4) in summer 2017.
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Both wind speed and wind direction are important in determining flows within buildings, and
thus eventual comfort levels. Data were recorded to attempt to capture these aspects of the local
environments. The long-term recording of wind data was carried out at one position within each
settlement; the difference in the pattern of wind flows in terms of air velocity and direction can help
explain the impact of urban spatial structure and the relationship between outdoor winds and the
orientation of a neighbourhood. The data are shown in Figures 11-13 in graphical format for three
locations. Further studies are needed, probably involving CFD (computational fluid dynamics) studies
to enable any predictive outcomes; this is beyond the scope of the current work.

Northwest Northeast
m>9m/s
m8-9m/s
6~7m/s
m4-5m/s
West East I
m0-1m/s
Southwest Southeast
South
Figure 11. Wind environment for pattern type 1.
North
70%
60%
Northwest 50% Northeast
m2-4m/s
West East p——
Southwest Southeast

South

Figure 12. Wind environment for pattern type 3.



Buildings 2020, 10, 40 13 of 22

n o un o
o ]

MWW

Northwest Northeast
20%
15%
- 6~7m/s
West 09 East
4-5m/s
m2-3m/s
m0-1m/s
Southwest Southeast

South

Figure 13. Wind environment for pattern type 4.

In pattern type 1, the dominant wind incident was from the southwest, with a wide variability
of airspeeds from 2 m/s up to more than 9 m/s. In addition, wind flows from south and north were
available with high velocities during the surveying period; however, their frequency was less dominant.
In pattern type 3, the wind direction within the settlement mainly came from between the northeast
and west. The maximum velocity range of wind flows was between 2 and 4 m/s. Among the three
main wind directions, the airstreams from the north were the most dominant. In pattern type 4, the
wind environment outside the building fluctuated significantly with the range of wind velocities from
0 to more than 9 m/s. There were four important directions: east, southeast, south, and north. However,
the most significant wind was from the southeast.

3.5. Investigating the Thermal Environment of Two Samples of Residential Neighbourhoods

Besides assessing urban environments based on both “snap-shot” and longer term monitoring
measurements at different points around shophouse buildings over the city during summer, this
section studies the microclimate of two dwelling blocks: pattern type 2 (sample 1) and pattern type 3
(sample 2), through computational analyses using the ENVI-met program. The urban blocks were
considered as squares of dimension 100 m X 100 m. After modelling and declaring the inputs (the
respective urban constituents of each case and meteorological data within the testing period), the
outputs are spectral images of numerical data. These data represent more comprehensive performance
analyses of the microclimate outside buildings, focusing on two dominant thermal parameters in the
tropics: air temperature and airspeed.

The urban morphology of the two samples is illustrated in Figure 14, and variations of urban
parameters between samples can be observed. Firstly, for building form and coverage, in sample
1, the housing design matches with some archetypes; the building height is four stories, and the
building density is medium. In sample 2, the design of four-story houses is non-homogeneous and
the construction coverage is much denser. Secondly, despite similar underlying regular road layouts
in both samples; the pattern is more compact in sample 2. In sample 1, more open spaces and green
sidewalks/driveways are observed, while the narrow/medium streets without trees/pavements provide
the only empty spaces within the block.
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Figure 14. Urban pattern of two samples: Type 2 (1), Type 3 (2).

The simulations were carried out on a typical day (21st) of three typical months (March, June, and
December), which spanned the range of weather conditions in the city. For the simulation process, the
major characteristics related to climate, planning, and building around the examined residential areas
were input. In particular, the monthly mean temperature, humidity, solar radiation, and air velocity of
three particular months investigated were used; additionally, the direction of the monthly prevailing
wind was also declared. Moreover, information associated with building height and landscape (tree
density, tree height) was assumed for the simulations according to real conditions on-site. The outputs
of the thermal environment around ‘shophouse’ blocks are indicated by a spectrum as displayed in
the figures.

Figure 15 shows the outdoor thermal conditions within the two sample areas at 15:00, on 21 March,
21 June, and 21 December. Despite the greater prevalence of green areas in sample 1, the wide asphalt
roads contribute to an increase in temperature in the air around the dwellings. The thermal condition
outdoors in this urban type is hotter than in sample 2, which gets the benefits of overshadowing
between buildings. In December, the cooler climate of the city has caused the temperature to drop by
2-4 °C in both samples compared with the hot ambient temperatures in summer. The hot conditions in
sample 1 can provide discomfort not only for the people located outdoors, but also for the occupants
in naturally ventilated houses owing to thermal exchange between internal and external climates.
In sample 2, the compact building pattern is effective in providing protection from solar heat and
retaining coolness, but there is also a problem of weak air flows and poor daylighting.

The features of urban spatial morphology clearly affect wind distribution surrounding houses
in terms of intensity and direction. Building density and narrow common spaces in sample 2 give
rise to the poor quality of wind flow through associated urban canyons within building groups.
This was studied over three months; Figure 16 shows the simulated results of air flow patterns are
comfortable for the occupants in March and June in sample 1 of pattern type 2, which is significant
when compared with human thermal comfort under a warmer environment in sample 1. The free
open spaces combining vegetation can accommodate the air flows around the block with a wide air
movement range of 0.6-2.7 m/s. However, in December, the wind condition is relatively still with an
air velocity of under 0.3 m/s in both samples, which may impact occupants’ thermal satisfaction.
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Figure 15. Distribution of air temperature of the two studied urban pattern types.

Another evaluation is concerned with the broader wind patterns associated with the climate.
Variable wind distribution around the two urban blocks over the year can be explained by the
changeable direction of seasonal prevailing winds and their modification when they flow around the
buildings, especially in sample 2. During March, south to southeast winds are modified and typically
flow horizontally in front of the building; however, vertical wind patterns along the building side are
observed in June. This is interesting as it suggests the development of more sophisticated planning
strategies should be considered that can raise thermal comfort in and around houses by allowing
prevailing winds to flow, or by directing them to the upwind surfaces of buildings.
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Figure 16. Air pattern of the two studied urban pattern types.

4. Discussion

In the built environment of HCMC, the existing meteorological data implemented were recorded
from the Tan Son Hoa weather station and published by the Ministry of Construction (MoC) in
2009 [26]; unfortunately, there is no other suitable set of data for this analysis. Regarding that report,
the maximum, minimum, and average temperatures were 34.6 °C, 26 °C, and 29.2 °C, respectively,
over both April and May. Furthermore, RH values ranged from 72% to 79%, and average airspeed
varied from 2.5 to 3.3 m/s during summer; however, it was also noted that the city macroclimate was
changing, so the more recent years were examined for this study. There is a significant divergence
of environmental parameters observed in the field and the recorded meteorological data owing to
the changing urban environment and the complex impact of urban compositions at the pedestrian
level. The warmer temperatures taken showed the higher thermal vulnerability of the real outdoor
environment. Meanwhile, the values of air velocity recorded by the weather station at a height of 10 m
are not the case for lower levels within urban areas. This is often an issue in taking meteorological
station records and using them in the analysis.

Generally, when compared with official Ministry data for microclimates, the environmental values
of actual measurements were higher than the threshold of the acceptable thermal zone in hot months
(29.5 °C) [43]. Cross-referencing the data to the outdoor thermal acceptable range (23-31 °C) found
above in the tropics, 85% of measurements were outside the acceptable limits, meaning people would
experience uncomfortable warmth. Although the remaining data fell into the comfort zone, the actual
wind environment was likely insufficient to retain thermal satisfaction if referring to the necessary range
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of air velocities between 0.9 and 1.3 m/s found by Ng and Cheng (2012). In short, the microclimatic
conditions surrounding the dwellings of HCMC in summer appear to confirm urban discomfort for
residents because of warm air temperatures and low wind speeds.

The spatial structure of the different urban types causes variations in the exterior environment.
Table 3 summarises general outdoor climates within the shophouse settlements categorised into four
groups of urban spatial patterns studied. All the temperatures averaged from the cross-sectional
surveys are much warmer than the upper limits (30 °C and 31 °C) found from field studies in summer
months in Europe [10] and in the tropics [11,17,18,21], respectively.

Table 3. The mean outdoor environment found by urban pattern types.

Mean Air Temperature Mean Relative

Urban Type CO) Humidity (%) Mean Air Velocity (m/s)
Group 1 (Type 1+2) 32.7 (SD 1.5) 64 (SD 9.2) 0.4 (SD 0.13)
Group 2 (Type 3) 33.7 (SD 1.67) 57 (SD 5.94) 0.35(SD 0.21)
Group 3 (Type 4+5+6) 32.2(SD 1.52) 61 (SD 7.78) 0.25 (SD 0.14)
Group 4 (Type 7) 32.6 (SD 1.92) 60 (SD 10.0) 0.55 (SD 0.27)

The lowest mean air temperature and mean air velocity around the residential blocks of Group 3
(pattern types 4 + 5 + 6) appear to be linked to the irregular planning and high density of dwellings.
Under the urban morphology of those pattern types, overshadowing between buildings appears to
reduce the impact of solar heat, producing a cooler thermal condition in these types. However, the
compact urban pattern may provide an obstruction for airflow and comfort convective cooling.

Meanwhile, the settlements of Group 1 (pattern types 1 + 2) and 4 (pattern type 7) are characterised
by formal planning, lower construction coverage, regular road pattern, simple road system, wider
spacing, green sidewalks, and presence of green spaces. Those urban constituents can contribute
to regulating the warm air if supported by other measures such as shading, evaporative cooling,
humidity balance, and enhancing convection and penetration of airflow around buildings [24,45].
These were linked to a warmer environment (typically by 0.5 °C) and higher wind flows, especially
within pattern type 7 compared with pattern types 4 + 5 + 6 (Group 3). The unplanned large green
areas in Group 4 probably play a significant role in moderating the microclimatic conditions around
residential neighbourhoods. Thus, the thermal environments here are more pleasant for the occupants.

The most unpleasant climates were found in pattern type 3 (Group 2). The hot environment around
buildings in pattern type 3 may be a result of solar radiation owing to reflection from surrounding
buildings, as well as the heat absorption of asphalt roads. Meanwhile, the on-site investigations around
settlements of pattern type 3 found two typical conditions of vegetation: a paucity of trees to shade
street surfaces and use of unsuitable types of plants for urban conditions (spacing, building height,
and density). Those shortcomings of vegetation could be linked to the uncomfortable temperatures
at the level of pedestrians because of the additional radiant and convective heat from high surface
temperatures of unshaded roads. Reflected glare from the street surface is also a problem for visual
comfort. Considering those issues, appropriate solutions using vegetation and planting can be beneficial
by minimising impacts through providing shadows and lowering of air temperature; additionally,
trees can absorb pollutants and decrease noise in urban environments [24,46].

Additionally, in comparison of the typically acceptable zone of outdoor temperatures (23-31 °C)
and air velocities (0.9-1.3 m/s) defined above in the tropics in summer, longitudinal data monitored in
pattern types 1, 3, and 4 in HCMC during warm summer were grouped into variations of temperature
and wind flow (Table 4). In the three urban structural groups studied, the percentage of ambient
temperatures within such thermal range was the lowest in pattern type 3, while the proportion was
the highest in pattern types 4 + 5 + 6. Despite the larger percentage of temperatures recorded within
the limits of 23-31 °C, a great number of warmer temperatures also shows the potential of urban
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discomfort for occupants in the daytime in all the three groups of urban forms. The interventions of
encouraging/enabling better air movement, coupled with evaporative cooling techniques and shading
provided by trees, can bring mitigation of such urban discomfort [24].

Table 4. The mean outdoor environment found by urban types.

Air Temperature (°C) Air Velocity (m/s)
Urban Type
T<23°C 23°C<T<31°C T>31°C <09 0.9-1.3 1.3-25 >2.5
Group 1 (Type 1+2) 0 61% 39% 9% 24% 19% 48%
Group 2 (Type 3) 0 57% 43% 3% 93% 4% 0%
Group 3 (Type 4+5+6) 0 64% 36% 24% 46% 17% 13%

Considering four airspeed variations (<0.9 m/s—unacceptable, 0.9-1.3 m/s—minimum values
to remain comfort, 1.3-2.5 m/s—still acceptable, and >2.5 m/s—potential draught) found by Ng and
Cheng (2012) in Hong Kong, although wind velocities over the pedestrian level in Group 2 were
calmer compared with the settlements of other urban types, the majority of airflow values fell into the
acceptable range from 0.9 to 2.5 m/s. Pedestrians experienced stronger wind environments in certain
pattern types, particularly in the neighbourhoods of pattern types 1 and 2, with 48% of airspeeds
greater than 2.5 m/s. Much high external wind speeds can result in occupant dissatisfaction. However,
to find the optimum acceptable airspeed in urban environments around residences in HCMC, and
more generally in Vietnam, requires further more detailed field studies on human sensations.

Using the two sample sites, the numerical analyses by ENVI-met were used to interpret the
thermal performance around the shophouse buildings in HCMC throughout the year. The urban
constituents and spatial structures have significant influences on the outdoor climate. Within the
residential blocks of pattern type 2, which are characterised by low construction density, homogeneous
architecture, regular road pattern, road width above 10 m, and medium planting density, the thermal
conditions outdoors show the advantages of airflows, whereas the external air temperatures can be
constantly high over almost the whole year. One of the possible solutions can be planting: an increase
of shade trees with appropriate height and canopy not only prevents solar absorption on the wide road
surface by increased shading, but also controls wind flows through buildings [24]. Therefore, landscape
strategies may be supportive to improve outdoor comfort within the urban areas having similar
identities to sample 1. On the other hand, the thermally comfortable environment around ‘shophouse’
neighbourhoods as in sample 2 may be difficult to achieve in practice and requires more consideration.

The insights of environmental characteristics within settlements gathered from the research
presented in this study show that the current design and planning of those urban patterns so
far categorised do not properly provide outdoor environmental satisfaction for occupants. Even
new residential areas, formally planned with lower densities, appropriate building archetypes, and
integrated public facilities compared with the highly compact settlements existing in central districts,
still fail to provide comfort.

According to the measurements of wind velocities at the pedestrian level of the settlements
studied, although the exterior wind environment of pattern type 1, 2, and 7 neighbourhoods, which
are formally planned, was more comfortable than that in the regions of other urban patterns (pattern
types 3, 4, 5, and 6), it might be that some imperfections in the planning of such settlements result in
unacceptable airspeeds for pedestrians.

In order to address these deficiencies, the principles of urban design, for example, road pattern,
spacing, building height and density, vegetation, and ratio and location of open spaces, should be
considered carefully in the relationship with the ambient environment to create an outdoor climate
satisfactory for pedestrians. This is also necessary to create outdoor environments that can benefit
from the associated indoor climate in housing planning in HCMC and Vietnam more generally.
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5. Conclusions

The study confirms thermal discomfort in exterior climates in cities of the tropics such as HCMC.
This is associated with urban development and human activities and is likely to subsequently affect
indoor comfort and lead to higher levels of energy use. The field measurements show the existence of
heat islands in macro-neighbourhoods across the city. The unplanned and planned development of
compact urban areas may result in warmer conditions and reduced natural wind flows. The outdoor
environments were thermally uncomfortable owing to observations of high air temperatures and low
air velocities across the majority of the city.

At the micro-scale of housing urban blocks, categorised into a morphological system, the spatial
planning factors have significant impacts on the environmental conditions around buildings in terms
of temperature, humidity, and wind distribution. Variations in microclimate were found from results of
field studies and from computer simulation; these seemed to be linked to different urban morphologies
present in the city. Through on-site observations at the pedestrian level, the deviation of physical
parameters between the urban types includes 1.5 °C of air temperature, 7% of humidity, and 0.3 m/s of
wind speed in summer. Meanwhile, monitoring the outdoor climate in pattern type 1, 3, and 4 during
hot months also revealed differences in air temperature (2 °C) and air velocity (2 m/s) between those
types. The more satisfactory environment was found in area pattern types 1, 2, and 7.

The changing urban environment accelerates discomfort for people in both indoor and outdoor
environments. Pleasant environments and comfort outdoors can be improved through reducing
impacts of heat and improving wind flow. The provision of canopies, shading by vegetation, and
encouragement of green areas is beneficial, as these decrease impacts of solar radiation and ameliorate
heat by evapotranspiration of plants, and additionally encourage convective ventilation. However,
the characteristics of plants and the ratio and location of green areas within settlements should be
considered carefully. Additionally, the appropriate building pattern (road geometry and spacing) and
density within dwelling blocks can contribute to cooling effects by allowing/encouraging air movement
or by changing/manipulating the direction of prevailing winds passing through the urban layouts.

It should also be possible to improve and optimize outcomes, taking more account of both wind
speed and directions together. The complexity involved in making numerous measurements at the
same time was beyond the resources of the authors, though they suggest that CFD models might be
created in the future to aid and support this analysis.

The results of the study encourage practitioners (planners, urban designers, and architects) to
consider the urban microclimate and to find the correlation between changes in the outdoor climate
and interior environment at the beginning of the design process. Knowledge of urban conditions and
environmental characteristics of the common residential neighbourhoods can be systematised according
to urban morphologies. Further investigations carried out simultaneously and other shophouse urban
forms would facilitate an even better analysis. The study can also be expanded in neighbourhoods of
different municipal functions. In addition, systematic comfort surveys for pedestrians would offer the
potential to find correlations between climate and human thermal sensations.

The paper has developed and expanded research on physical conditions and urban climate around
the exterior of areas of shophouse buildings—a design that is a vernacular housing type in Vietnam
and SE Asia—as well as within their urban morphologies. The authors suggest that the current study’s
findings in HCMC can be used as a reference to review and apply in other tropical cities in Vietham
and SE Asia, where there are many similarities of the dominance of shophouse buildings, planning,
and climate.
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