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Fig. 1: Map of ger districts, Ulaanbaatar in 1998 and 2012. The 

location of the surveyed areas is included. 
From Ochirbat8) modified by the authors. 
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Abstract: In Ulaanbaatar, Mongolia, 30% of households in urban settlements live in traditional 

mobile dwellings—gers. This study outlines urban gers based on a field survey of 49 households. 
The authors analyse space heating and thermal characteristics of ger envelopes, which are essential 
factors for the emission of air pollutants during winters. The results suggest the necessity of urgent 
policy implementation of the change of coal stoves to other appliances with better energy 
performance and lower pollutant emissions. Further, there is a need for new, customised methods to 
improve the thermal insulation of gers, based on local economy and needs.  

 
Keywords: Urban informal settlement; ger; traditional dwelling; thermal adaptive behaviour; 

Ulaanbaatar, Mongolia 
 
1.  Introduction 

Mongolia, located in the northern part of East Asia, has 
experienced rapid urbanisation since democratisation and 
the abolishment of the law restricting rural-to-urban 
migration in 1990. During the 1950s, the urban population 
of Mongolia was only about 20% of the total population1). 
By contrast, the urban share in 2019 was 72.9%, which is 
higher than the Asian regional average2). Particularly, the 
population of the Mongolian capital, Ulaanbaatar, 
increased from about 540,000 in 1989 to about 1,400,000  
in 2016, comprising about 46% of the country’s 
population3). During this rapid urbanisation, rural 
migrants created unique communities in Ulaanbaatar, 
known as ger districts, which include many gers as 
detached houses for urban residents4). 

Gers were originally nomadic portable tents made of 
wooden poles covered with felted wool sheets. The design, 
structure, and materials of gers reflect the nomadic 
lifestyle; thus, they are recognised as cultural heritage 
cultivated throughout the long history of Mongolia’s 
nomadic peoples. Maidar et al.5) provided a historical 
review of nomadic lifestyle and housing, which is 
probably the oldest known book written in the Mongolian 
language. Omoya6) conducted a survey of nomadic gers 
and reported typical layouts of furniture and living style. 
Kawagishi et al.7) also conducted a survey of the nomadic 
lifestyle of 57 nomads residing in the outskirts of 
Ulaanbaatar in 2006. 

On the other hand, many migrants moving from rural 
areas to Ulaanbaatar in recent decades have been building 
gers themselves. This affordable type of housing has 
resulted in the rapid sprawl of unplanned residential  

 
districts called ger districts, which have insufficient 

urban infrastructure for services such as water, sewage, 
garbage collection, and heating. Fig. 1 shows the 
expansion of ger districts between 1998 and 20129). Park 
et al.9) reported that the area of ger districts increased from 
32.15 km2 to 221.15 km2 between 1990 and 2013.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As past studies such as Yatsuo’s10) reported, areas 
where current ger districts in Ulaanbaatar are located are 
mostly separated from one another by wooden fences. 
Enclosures contain one or a few detached houses named 
baishins and/or gers, as well as a wooden outhouse toilet 
for one or multiple families. The structure of baishins is 
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diverse, made from wooden and brick, and a majority of 
these houses are self-built or constructed by residents (e.g. 
Caldieron11)) as more permanent dwellings compared with 
gers. Nevertheless, baishins have the same problems as 
gers, such as a lack of proper connections to urban 
infrastructures, such as water, sewage, and heating. 
Yatsuo10) pointed out that the current state of the ger 
districts can be recognised as a transition from nomadic 
migration culture to settlement culture in Mongolia. 

According to the National Statistical Office of 
Mongolia3), the share of households living in apartment 
buildings connected with public infrastructure increased 
from 32% in 2010 to 41% in 2015, most likely because of 
the government-sponsored low-interest apartment project 
for low-income households. However, the households 
living in gers increased from 87,000 to 114,000 during 
that period because of increased migration; currently, gers 
are homes to 30.4% of households in Ulaanbaatar.  

Meanwhile, Ulaanbaatar, which has a frigid winter of –
40 oC12) currently suffers from the world’s worst air 
pollution during winter13)14). As Soluyanov et al.15) 
reported, coal-burning stoves used in the houses of the ger 
districts are responsible for about 80% of the air pollutant 
emissions, partly due to the extremely low thermal 
insulation of gers and baishins. 

According to latest data of World Bank 201416) CO2 
emission per capita of Mongolia was recorded 7.1 Metric 
Tonnes. As same as most of other developing countries 
mineral resource is main wealth of Mongolia (Dwiki, 
2018)17). 

Actually similar difficulties to take countermeasures 
against environmental issues existed in currently 
developed societies as Sato et al., 201618) reported cases 
of Kitakyushu, Japan and Emscher, Germany during 
middle of 20th century (Fujisaki, 2018)19). Nevertheless, 
developed countries already have strict regulations and 
implemented advanced technologies to control their local 
environmental issues as well as global environmental 
issues, in contrast, developing countries are struggling 
with lack of technology and economic development 
(United Nations, 2019)20).  

Given these circumstances, in 2013, Ulaanbaatar 
formulated a master plan for city planning to be achieved 
by 203021) based on a survey conducted by the Japan 
International Cooperation Agency (JICA)22). This plan 
includes redevelopment projects for the integration of 
fragmented sites in ger districts, temporary relocation of 
residents of baishins and gers, and the construction of 
high-rise, well-insulated apartments with proper urban 
infrastructures, including district heating systems. 
Enkhjargal and Nishikizawa23) examined the effectiveness 
of the design process of the project in terms of its 
prospective environmental and societal contributions. 
Boldbaatar24) reported that the overall evaluation of the 
urban redevelopment project was high based on 
observations and interviews with over 500 people.  

Despite such projects, 68% of all households in 
Ulaanbaatar currently live in the ger districts; thus, it will 
take considerable time for the redevelopment of the ger 
districts throughout the city. Therefore, in addition to 

long-term urban redevelopment, it is important to take 
immediate measures such as improving the insulation of 
houses in the ger districts and replacing current heating 
appliances with those having higher energy efficiency and 
emitting lesser pollutants. 

In fact, the Mongolian government and the World Bank 
distributed more than 40,000 fuel-efficient stoves to 
households in the ger districts with a 50% to 90% subsidy 
for changes with conventional stoves between 2011 and 
201525). These improved stoves were designed to place 
fuel coal beneath wood; thus, they could pass the updraft 
of the incomplete combustion gases and particle matter 
through the flame of the burning wood, thereby reducing 
the emission of air pollutants. In addition, a project to 
boost the usage of electrical heaters was implemented in 
2017 by the Ulaanbaatar City Government26).  

Otgonbayar et al.27) evaluated the cost, fuel consumption, 
and pollutant emissions targeting baishins located in the 
ger districts under the following three strategies: 1) 
replacing conventional coal stoves with fuel-efficient coal 
stoves with low emissions, 2) replacement of coal stoves 
with heaters that use electricity generated by wind power, 
and 3) relocation into apartments with appropriate 
insulation performance from baishins. They pointed out 
that the first option has the highest cost-benefit 
performance. On the other hand, Erdenedavaa et al.28) 
investigated the applicability of the solar thermal system 
for space heating based on the measurement of a detached 
house equipped with solar collectors in Ulaanbaatar. 
Pillarisetti et al.29) monitored the performance of electric 
heat pumps tailored to cold climate in baishins and gers. 
Although it is a well-known fact that a frigid climate 
generally worsens the performance of heat pumps for 
space heating, their long-term observation in houses 
where occupants resides as usual shows acceptably 
moderate performance.  

Regarding the thermal performance of houses in the ger 
districts, Ishikawa et al.30) measured room air temperature 
of 6 gers in Ulaanbaatar in winter and reported that the 
vertical distribution of room temperature is generally large 
(up to 20oC), owing to the poor insulation of the ger 
envelopes. Buyantogtokh et al.31) measured the indoor 
thermal conditions of 10 gers and estimated the 
ventilation rates and heat loss coefficients. Tong et al.32) 

developed a simple numerical tool to estimate the 
reduction of coal consumption and carbon emission due to 
insulation aimed at the promotion of insulation retrofitting 
of baishins in Mongolia. 

On the other hand, there have been some questionnaire 
surveys on residents of the ger districts. For example, 
Gonchigbat et al.33) conducted a field survey on the 
satisfaction with current housing of 100 people living in 
gers located in the urban fringe and the central area of 
Ulaanbaatar. Caldieron and Miller34) reported that 35% of 
respondents in the ger district were satisfied or very 
satisfied, and 33% responded that they felt neutral with 
their current dwellings; however, more than half of them 
indicated the intention to move to an apartment with 
suitable facilities. 

Considering the fact that coal stoves in ger districts 
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Table 1. Number of surveyed households by district and land tenure 

 District Khoroo 
(sub-district) Number of gers Number of gers 

owned 
Number of 
rented gers 

Number of household 
members interviewed 

D1 Sukhbaatar 13th, 14th,16th, and 
18th 33 22 10 46 

D2 Songinokhairkhan 26th 7 6 1 11 
D3 Chingeltei 9th and 19th 5 5 0 4 
D4 Bayangol 17th 4 1 3 6 

Total 49 34 15 67 
 

account for 58% of the total emissions in Ulaanbaatar,  
prompt actions for both the decrease in heating load of 
buildings and the transition from current coal stoves to 
heating appliances with low pollutant emissions in the ger 
districts are strongly needed in order to solve the current 
air pollution in the short term. In line with that, this study 
focusses on gers in the ger districts, which are homes to 
around 114,000 of Ulaanbaatar’s urban households 
according to data reported in 20153).  

Given the knowledge of building environmental 
engineering, the increase in both the insulation 
performance of building envelopes and the airtightness is 
theoretically a simple and well-known measure for 
decreasing the heating load. In fact, many developed 
countries have recently promoted high-insulation and 
airtightness of buildings as countermeasures for climate 
change, and the building sectors of these countries have 
gradually reduced the emissions of greenhouse gases per 
floor area. However, such a simple measure is extremely 
difficult to widely implement in developing countries, 
such as Mongolia, owing to the financial constraints of 
both the government and households. Furthermore, gers 
were originally temporary tents suitable for nomads to 
move each season; thus, they have a completely different 
structure from ordinary permanent buildings. Therefore, 
the well-known construction methods for high heat 
insulation and high airtightness cannot be applied to gers. 
However, there have been few studies that have examined 
feasible measures for reducing heating load, energy use, 
and pollutant emissions in gers. Furthermore, the 
prerequisites for development of feasible measures that 
match the current ger design, prices of locally available 
construction materials, lifestyle, income level, and 
willingness to pay for the housing improvement of ger 
residents have not been sufficiently determined. Even 
though interesting field surveys of gers have been 
conducted in architecture and social science fields, some 
of them have been reported in neither English nor the 
Mongolian language; thus, it is difficult for local people 
and organisations to use them.  

Under these circumstances, this study intends to clarify 
the boundary conditions for establishing applicable 
measures for the reduction of energy consumption and 
pollutant emissions as well as to improve the indoor 
thermal environment. For this purpose, the authors 
conducted field surveys in Ulaanbaatar. A description of 
the survey methodologies is presented in Section 2.  

 
 

Section 3 summarises the observed characteristics of gers, 
and Section 4 describes household members’ behaviours 
regarding space heating. In Section 5, the potential 
countermeasures based on the survey results are discussed. 
Section 6 concludes the paper. 

 
2.  Outline of field survey 
2.1  Questionnaire survey on residents of gers 

A questionnaire survey was conducted in August 2018 
of 49 gers located in four ger districts in Ulaanbaatar. 
Household members (n = 67) were interviewed about their 
gers, heating devices, behaviours related to energy use, 
perception of indoor thermal conditions during winter, 
and satisfaction with their living conditions. 

Before the interviews, 37 questions were developed. 
The first part comprised questions directed at the 
household head or responsible members regarding the 
basic data on the ger and household members. The second 
part consisted of 21 questions used in separate interviews 
with each household member on their indoor behaviours 
and their satisfaction with the ger’s thermal conditions in 
winter. The interviewees were also asked to freely share 
their opinions, and, based on their statements, the 
interviewers added questions about related issues, such as 
the way they defined insulation quality. An entire 
household interview lasted about 20 minutes depending 
on the number of household members. The interviews 
were conducted in Mongolian. For efficiency and 
accuracy, the interviews were recorded. 

Of the 70 individuals living in the 49 gers, 67 
interviewees were aged 15 years or older. Photographs of 
the interiors and exteriors of 43 gers were taken, and the 
sizes of these gers were measured (with permission) 
during the interviews using a laser meter. Two household 
heads agreed to participate but refused to allow the 
interviewers on the plot, and three household members did 
not reside in the ger at the time of the interview. These 
household members were interviewed at their workplaces; 
interiors of 44 gers were examined.  

Table 1 shows the number of gers and household sizes 
in the sample by area. Ulaanbaatar consists of nine wards: 
three sub-wards and six pericentral wards. All nine of 
these wards have ger districts in which the ratio of 
households living in gers varies between 10% and 40%, 
according to a report in 201635). The six pericentral wards 
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Fig. 2: Proportional distribution of household members in the 

sample and Ulaanbaatar32) 
 

 
Fig. 3: Number of employed household members by household 

size 
Source: National Statistical Office of Mongolia47) 
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are the most populous of nine wards in the city; therefore, 
the survey was conducted in ger districts located in four 
different pericentral wards. Songino khairkhan has the 
highest number of households residing in gers 
(n=31,338)35). The surveyed area in Bayangol is located 
downtown within 3 km of City Hall. In contrast, the 
surveyed areas of Chingeltei and Sukhbaatar are located 
in a suburban residential zone. The respondents who 
participated in this survey were not selected in a 
statistically random manner but rather through a personal 
connection with the authors (for Bayangol and 
Sukhbaatar) and by recommendations from the staff of the 
governor’s office at each khoroo (microdistrict) in 
Bayangol and Sukhbaatar. In addition, the authors visited 
the gers located in the target area without appointment and 
requested their cooperation in the survey if occupants had 
the experience of spending at least one entire winter there. 
 
2.2  Survey of sales and manufacture of gers 

The authors observed operations of retail businesses 
selling gers at Naran Tüul Market in Bayanzürkh District, 
Ulaanbaatar, in August 2018. This huge market is where 
people could buy gers and replacement parts. The authors 
visited nine shops in total: three felt sheet shops, three 
skeletal frame shops, and three shops selling packages 
with parts for a complete ger. All these shops were 
managed by manufacturers. In each shop, the authors 
conducted interviews about the quality, price, and 
manufacturing products. Furthermore, the authors visited 
two felt sheet manufacturing plants and observed the 
fabrication process: one in the 19th khoroolol, Khan-Uul 
district, and one in Salkhit, Chingeltei district.  
 
3.  Results of interviews with residents of 

gers 
3.1  Profile of surveyed gers and households  

Fig. 2 shows the distribution of observed households by 
size. The statistics of the entire Ulaanbaatar city36) are 
included for reference. Although target gers and 
households in this survey were not chosen in a statistically 
random manner, the present data generally show a similar 
tendency to the data of the city36), in which four-member 
households were the most common. Nevertheless, the 
present data are slightly shifted towards a larger number 
of household members compared to the statistics. Fig. 3 
shows the number of household members employed by 
household size. This indicates that the mid-sized 
households tended to have one or two employed 
household members, and the proportion of those 
unemployed increased with household size. 

Fig. 4 shows the distribution of monthly household 
income of the sample. The national urban data in 2018 
including not only Ulaanbaatar but also other smaller 
cities37) are also included as references. In the present 
survey, the mean and median of monthly household 
income were MNT 600,000 (US$ 215) and MNT 400,000 
(US$ 140), respectively. In contrast, those for national 

urban statistics are MNT 1,100,000 and MNT 1,000,000. 
Considering the fact that the national statistics include 
data of households living in apartments, the lower 
incomes the present data identified in gers are adequate 
might be reasonable. 
 
3.2  Water and sanitation 

Fig. 5 shows photographs of unpaved streets, a water 
kiosk, and an outdoor toilet in the observed districts. 
Because of the lack of infrastructure of water supply and 
sewerage systems in the ger districts, all surveyed 
households transport water from water kiosks on foot or 
by vehicle on unpaved streets to use for daily activities, 
such as cooking and washing. In water kiosks, water is 
either delivered by a tanker truck or a kiosk is connected  
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Fig. 4: Distributions of monthly household incomes in the 
sample (n = 49) and in Mongolia’s urban population38) 

   
(a) Unpaved street (b) Water kiosk (c) Outdoor toilet 

Fig. 5: Basic infrastructure in ger districts: (a) 18th khoroo, Songinokhairkhan district, (b) 19th khoroo, Chingeltei district, and (c) 
Gandan, Bayangol district. All photographs were taken by the authors on 17 August for (a), November 3 for (b) and 15 August for 

(c) in 2018. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

to a central water supply. In addition, there are currently 
deep-well kiosks in Ulaanbaatar. The National Statistical 
Office of Mongolia reported that 712 water kiosks existed  

in Ulaanbaatar’s ger districts in 201838). The average 
distance from a ger to a water kiosk from which people 
transported water on foot was 600 m; however, the 
distance of 5 gers exceeded 1 km because of the location 
of suburban districts having fewer water kiosks.  

 Sewerage sanitation was not provided in the ger 
districts; thus, all the surveyed households had an outdoor 
toilet in the same plot as their living space (Fig. 5(c)). In 
regard to bathing facilities, none of the surveyed gers had 
one, thus, 98% of respondents used public bathhouses, 
which have recently become popular for people in the ger 
districts. In 2019, Ulaanbaatar had 271 public bathhouses 
with a total capacity of 1,368 people38). 

The lack of these public water systems is partly due to 
the cold climate, which causes large freezing depth of 
during the winter of about 2.6 m to 3.8 m39). Thus, the 
construction and maintenance costs of these systems 
would be more expensive than those in mid-latitude areas.  
 
3.3  Structure and size of the gers 

The Mongolian Agency for Standardization and 
Metrology (MASM)40)41) stipulates the national standards 
of ger design, including materials, structure, and size of 

each part. Fig. 6 illustrates the structural design of a 
standard ger based on the present survey with reference to 
Mongolia’s national standards40)41). Figs. 7 and 8 show 
photographs of the exteriors and interiors of the 
participants in the study, respectively. 

Some of the interviewees explained the typical 
construction process of the gers as follows. (1) The floor 
has seven interlocking flat wood plates, (2) the hana 
(made of several latticed wood pieces) is unfolded and 
formed into a circular wall, and (3) a khaalga (door) is 
connected to the two ends of the hana using a rope. 
Usually, the khaalga faces south. Then, (5) two pillars are 
erected in the centre of the hana to support the toono 
(skylight), and the uni (poles) are connected to the interior 
sides of the hana, (6) the exterior of the entire structure is 
covered with esgii (layered felted wool insulation), and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(7) a busluur (rope) is hooped around the hana, 
tightened, and secured. All procedures can be completed 
within several hours with the assistance of two to four 
adults. This procedure is almost the same as those reported 
by Alexander et al.42) and Maidar et al.5).  

The national standards40)41) adopted the classification of 
the size of gers by number of lattice-shaped pieces named 
hana, used to make a round wall of a ger. There are nine 
categories, namely, three, four, extended five, six, eight, 
ten, twelve, fifteen, and twenty hana ger. Table 2 shows 
the distribution of ger types by this classification in the 49 
gers examined by the authors. The data of national 
statistics3) are also included as a reference. As can be seen 
from the table, four, five, six, and eight hana gers are 
mainly used, and five hana gers account for more than 
half of the total. 

Table 3 shows the dimensions of the gers measured by 
the authors and what is stipulated in the standards40)41). 
The floor area, room volume, and area of the ger envelope 
exposed to outdoor air estimated based on the national 
standards are also included as essential variables for 
calculating the heating load. Although the design of the 
gers is highly standardised, the mean length of each part 
observed is slightly different from the standards mainly 
because of the backlash between parts connected by ropes.  
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Legend:  (1) toono (skylight) (2) uni (pole) (3) hana (wall) (4) bagana (pillar) (5) shal (wood floor) 
(6) hushig (inner curtain for wall)  (7) haalga (door) (8) busluur (hoop rope)  
9) hayaawch (lower edge of hana)  10) urkh (skylight cover) (11) deever (roof cover) (12) tuuraga 
(wall cover) 

Fig. 6: Detailed structural illustration of a standard ger based on the study’s observations and Mongolia’s national standards; 
illustrated by the authors with reference of Mongolian Agency for Standardization and Metrology (2003, 2007)40)41) 

H1, H2, D1, and D2 correspond dimensions shown in Table 2. 

3.4  Compositions of exterior cover and floor of gers 
Theoretically, the composition and materials of 

building envelopes are essential factors in determining the 
amount of heat loss of buildings in winter—namely 
heating load—and gers are usually enveloped in multiple 
layers of various materials. Therefore, we interviewed 
residents about their knowledge of the composition of 
their gers and the function of each layer. To this inquiry, 
all interviewees knew the type of materials used in their 
gers and had a common understanding of the function of 
each layer. Their answers about exterior cover for the 
winter season are summarised in Table 4. The standard 
thickness of layers stipulated in the national standards41) is 
also included. 

The thin white sheets called Gadne tsagaan burees 
were used as an outermost cover in all the surveyed gers 
for aesthetic purposes. Many interviewees explained that 
it was essential for the Mongolian people to make it a ger. 
Beneath this outer cover, a waterproofed sheet called a 
berzent is installed in most gers to prevent rain leakage 
and protect the indoor environment from cold winter 
winds. When this waterproof layer deteriorated over time, 
most households replaced it with a new one or replaced it 
with polyethylene sheets. On the other hand, nine 
residents said that they had left the deteriorated berzent in 
place, thinking it would help some heat insulation, and 
added a new one or new polyethylene sheets beneath the 
berzent.  

The third layer is the felted wool sheets named esgii, 

which was used for insulation in 96% of the surveyed gers. 
The materials of esgii are mostly brushed sheep wool43). 
This fabric usually consists of two layers for adequate 
thermal insulation in cold winters. In contrast, 4% of the 
surveyed households use a fabric named zulhai (carded 
wool) as an alternative to esgii because it is less expensive, 
although it is widely known for its less effective insulation 
performance. 

In addition to the esgii insulation, some households 
used paper or polyethylene sheets, expecting an increase 
in insulation properties. A few interviewees stated that 
adding a polyethylene layer may cause condensation; thus, 
they switched the place of the polyethylene layer from the 
outer side to the inner side of the esgii during winter. 

The majority of the innermost layer consists of white 
cotton sheets named dotor tsagaan tsavag and tuurga for 
roofing and walls, respectively. The main function of this   
layer is to prevent the felt sheets (esgii) from flaking off 
and falling into the room. Several households use carpets 
on their interior walls.  

Table 5 compares the uses of esgii insulation in summer 
and winter. Most of the households used two layers of 
esgii in both seasons, and about 49% of the households 
made changes depending on the season. In addition, when 
we visited in the summer, most of surveyed households 
had rolled up the hem of wall layers to create openings 
near the floor for natural ventilation.  

From an architectural perspective, dwellings are 
assumed permanent and constructed for long-term use.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

- 160 -


























