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China has experienced a vast urbanisation 
in the last few decades. Because of the 
significant increase in China’s urban 
population, the cities have been growing 
with incredible speed. Rural villages that 
used to be far outside the city boundaries 
would suddenly find themselves surrounded 
by the city. These are what we call urban 
villages. 
 
In China today, urban villages are being 
perceived as eyesores in the modern urban 
landscape. Many are being demolished 
and replaced by high rise residential areas, 
presumably in the name of high density and 
short term profits. Is this the best way to 
develop the cities in China?  
 
We studied an urban village in Xi’an, called 
Hou Wei Zhai. When we visited the village 
for the first time, we noticed how different 
it was compared to high rises surrounding 
it. The village typology consists of lower 
buildings with small streets, and every 
house has a courtyard. The high rises are 
tall buildings with wide open spaces in-

between, and they have no shared spaces 
equivalent to the courtyards in the village.  
 
One can say that there are many different 
degrees of public and private space in the 
village, with the streets being a little more 
private than the wider streets outside the 
village, making it a better place to be and 
not just pass through. The courtyards are 
the gateway from the street and to the 
apartments, and they are often shared by 
many people. These are very low threshold 
spaces socially, and anyone can enter 
whenever the doors are open, and you 
don’t even need to know the people living 
there before you walk in and say hello. The 
courtyard is the most celebrated social space 
in the urban village, and where most of the 
social visits happen. It is in many ways the 
centre of urban village social fabric.  
 
The Chinese courtyard is in many ways 
an extension of the house. Many activities 
are being done in the courtyard instead of 
inside, and therefore it reduces need for 
space in the house. We will come back to 

On the left: Courtyard perspective
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this in chapter 5, “Advantages”.  
 
In contrast the Chinese high rises focus 
on private space inside apartments, and 
do not offer other degrees of shared space 
than the completely open space outside the 
buildings. This does not encourage social 
activities, and makes it hard for people to 
befriend their neighbours when all they 
share is hallways and the street outside, 
where people only pass through.  
 
Of course, the village housing is far from 
perfect, and the density may not be as 
high as it could be. Is it possible to make 
urban villages as dense, or maybe even 
denser than the high rise residential areas, 
without destroying the social fabric and 

quality of urban village life? By upgrading 
the courtyard housing in the villages, is it 
possible to build a better way of living that is 
also more space efficient?  
 
We think Hou Wei Zhai has great potential 
to become a high density area with high 
quality shared spaces. We will in this 
project compare Chinese high rise typology 
and courtyard housing typology, and find 
out how efficient they really are. Then, 
we determine if Hou Wei Zhai should be 
upgraded and how it could be done. Finally, 
we will look at how upgrading urban villages 
could change urban development in Xi’an, 
and meet the needs of a growing population. 
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Background
China has experienced a vast urbanisation 
in the last few decades. The population of 
people living in urban areas has increased 
from approximately 20% around 1990, to 
over 50% in 2014 (Wikipedia 2015). 

Because of the significant increase in 
China’s urban population, the cities have 
been growing with incredible speed. Rural 
villages that used to befar outside the city 
boundaries would suddenly find themselves 
surrounded by the city.

The state seized most of the farmland 
surrounding the villages. The villagers then 

became city residents, with no legal rights to 
own farmland, and they continued to live in 
the urban village.

These villagers, most of whom used to be 
farmers, now had to find new ways to earn 
a living. Many of them build apartments on 
the little land they had left and now earn 
their living by renting them out.

More and more of the urban villages are 
being demolished and replaced by high rise 
residential areas, but there are still many 
urban villages left. One of these is Hou Wei 
Zhai, our main focus in this study. 
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Findings
When calculating the Floor Area Ratio 
(F.A.R), you divide the built floor area by 
the plot area. This gives a good indicator 
on how well the plot area has been used. 
Those who want to know how much profit 
they can make out of a piece of land use 
this tool. The result is usually deciding 
that the high-rise structure is the most 
profitable, as it has an F.A.R of about 4. By 
comparison, the courtyard houses in Hou 
Wei Zhai have an F.A.R of about 1,1. 

Floor Area / Plot Area 

When looking at the program of the two 
typologies, we see that they are not compa-
rable. The Chinese High-Rise provide only 
housing, whereas the village structure em-
bodies a great diversity of programs within 
a comparable perimeter, and this made us 
wonder… 

What if we find the infrastructure area 
needed to reach the daily destinations of a 
Chinese household, and use that to calcu-
late a new area ratio? Would the Chinese 
High Rise still be a more efficient area? 
And what about after the upgrade of the 
village? 

We will call this new area ratio the Real 
Area Ratio (R.A.R) and we will calculate it 
using this formula:  

Floor Area / (Plot Area + Infrastructure) 

How do we find the needed area in infra-
structure to daily destinations? As a starting 
point, we need to identify the components 
of such a calculation. What daily destina-
tions should we include? How far away are 
those 
destinations? What modes of transportation 
do people use to get there? Lastly, but not 

least, how do we transform these distances 
and modes into area used per person? 
 
The Household 
To get figures that are representative of the 
everyday Chinese person’s life, we decided 
to do our calculations based on a typical 
household in the village and in the Chinese 
high rise. By doing so, we can include daily 
activities for both parents and children all 
together, and by dividing the number by 
the household size, we can get an indicative 
number per person. When looking at the 
household size, we discovered that there 
is a difference between the village and the 
high rise. 

According to our interviews done on-site, it 
turns out that the average household size in 
the village is around 4 people. This can be a 
composition of either 2 parents and 2 chil-
dren, or 2 parents, 1 child and 1 grand-par-
ent. The village household is bigger than 
the Chinese average of 3.03 (TekCarta, 
generatorresearch.com, data about China). 
We assume that the households in the high 
rise are average and we imagine a relatively 
young couple with one child. 

The Units to Compare 
When calculating the F.A.R, one usually 
takes the total built floor area and divide 
it by the total plot area. When adding the 
needed infrastructure area for one house-
hold, of course, we need to make sure that 
this area is multiplied by the number of 
households in each of our units, to com-
pare in the village and in the high rise.  

In the village, we will choose the Court-
yard House as our unit. When out in the 
field, we visited many courtyard houses in 
Hou Wei Zhai, and the average number 
of households living around one court-
yard turned out to be about 3. The average 
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calculated there are 188 households in an 
average high rise. 

After calculating infrastructure area needed 
for each household in each housing unit, 
we multiply this by the number of house-
holds, and then integrate it into the area 
ratio fraction to get our R.A.R and compare 
them again. 

Distance calculations: 

Destinations 
We assume that the households we are 
evaluating have 2 adults and 1 or 2 children 
going to an elementary school or kinder-
garten. In their everyday life, the household 
might also need a grocery store or a super-
market, a pharmacy, a bus stop, post-office, 
a restaurant and a hair salon. To find the 
average distances to these destinations we 
had to use different methods for the high-
rise and for the village. The distance to the 
workplace had to be calculated separately 
to get an accurate number; we explain this 
in the section named “The Workplace”. 

In China, we were many students studying 
village and this made it possible to collect 
a lot of information. One of the things that 
was mapped in China was the location of 
all the shops and services in the village. 
Using that information, we calculated the 
average distance to each of the facilities 
mentioned earlier, from a chosen point 
in the middle of the village, following the 
street grid. To get additional information, 
we also collected some data from online 
map services (travelchinaguide.com/map/
xian/xian.htm, j.map.baidu.com/kT7T7 and 
Google Earth Pro software), when possible. 

For the high rise areas, we chose 10 new 
high rise areas in Xi’an on a satellite map, 

number of household size was about 4, 
which makes an average of 12 people living 
sharing one courtyard. Of course, there are 
exceptions. We also visited courtyards only 
shared by one family of 4, and courtyards 
shared by around 25 people. We were able 
to check if the average of 12 was more or 
less correct. We counted the number of 
courtyard houses on a satellite map. Then 
we divided the village population, 16 000, 
(village Administration Office) by the 
number of courtyards, 1350, (counted on 
satellite map, map.baidu.com). According 
to that calculation, the average number of 
people per courtyard is about 11,8. 12 people 
per courtyard seems to be quite right, so we 
will go on using that number. 

We found and studied 10 high rise areas 
chosen randomly on a satellite image 
(Google Earth). For each of those areas we 
looked at the total plot area, the number 
of high rises inside the area, the footprint 
of one high rise, and the number of floors 
using Baidu Map’s street view (map.beidu.
com). We were then able to calculate the 
average floor area of one high rise in each 
chosen plot and also to calculate the aver-
age plot area per high rise. The single high 
rise and its share of the surrounding plot, 
based on the average of all the 10 studied 
areas, will be used as our high rise unit to 
compare with the courtyard house. 

Researching online, we were able to find 
the average square meter per person built 
the past decades in Xi’an, in the modern 
high rise housing projects. Then we di-
vided the average floor area for one high 
rise by 33.43 m2, (en.xa.gov.cn/ptl/def/def/
index_1429_7048.jsp?_cimake=false&at-
tno=2014_10_29_283_5P64L7) and found out 
that 571 people are living in one high-rise, 
on average. Using average household size in 
China as mentioned earlier, 3.03, we have 
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from different types of locations in the city 
to make the numbers more representative. 
Some are closer to the city centre, other 
were in the outskirts. When looking for our 
destinations for each of them, we relied 
mostly on online map services. Due to our 
lack of understanding Chinese language, 
Baidu, that can be called China’s Google, 
was somewhat hard to use, but we used it 
when we could not find any information 
in English on the embedded Google Map 
information on Travelchinaguide. Baidu 
was also used to verify specific information 
sometimes, because it is more accurate than 
Google Earth when it comes to China. 

For each of the 10 high rise areas, we used 
the closest location of the given destination. 
The distance was measured from the mid-
dle of the high rise area, going in a straight 
line to the boundary of the plot, then fol-
lowing the streets to the destination.

The Return Trip 
To include the return trip, it would be 
tempting to double the one-way distance, 
but we wanted to account for the possibil-
ity that some trips might be multipurpose 
trips. We found some numbers giving the 
distribution by gender of the purpose of 
the trip (“Gender and Class in urban Trans-
port: The cases of Xi’an and Hanoi”. HOAI 
ANH TRAN AND ANN SCHLYTER). In 
this study, they found that 55% of trips were 
multipurpose trips across genders (table 
3). We therefore set the multiplying factor 
for most of the chosen destination to be 
1.5 to account for the return trip. The only 
exception was for the workplace, where 
we multiplied the distance by 2, as will be 
explained in the following section.

The Workplace 
We could not find the distance to the 
workplace the same way as for the shops 

and services. We only started with a fact: 
the average travel time to work is 1 hour in 
China (daxueconsulting.com/24-hours-life-
chinese-consumers). We also found a study 
that had mapped the distribution by trans-
port mode in a new modern area of Xi’an 
and compared it to an old one (“Gender 
and Class in urban Transport: The cases of 
Xi’an and Hanoi”. HOAI ANH TRAN AND 
ANN SCHLYTER). As that study was made 
before the opening of the Xi’an Metro in 
2011 (en.wikipedia.org/wiki/Xi%27an_Met-
ro), we had to integrate the metro ourselves 
into the statistics. 

By dividing the population of Xi’an by the 
daily metro ridership, we found that 9% 
use the metro as their mode of transporta-
tion. To still have a total of 100%, we had to 
take the 9% from the other transportation 
modes. We assume that the introduction 
of a metro system can change anyone’s 
transportation habits and that someone 
who uses a car are just as likely as a bus 
rider to take the metro to get to work. We 
therefore split the 9% evenly on the other 
transportation modes. Finally, we found the 
travel speed for each of the used transport 
modes to calculate a distance by mode (see 
the section entitled “Vehicles”). 

For the high rise, we used the numbers 
from the modern area in the study, cal-
culating a weighted average distance by 
multiplying the distance by mode, by the 
distribution percentage by mode (see table 
5). The end result is 12.3 kilometres. For 
our final addition, we multiplied this by 
1.5, to count in the 1.5 working adults, 80% 
men and 70% women of China’s workforce 
are active, making an average of 150% for a 
household with two adults, (en.wikipedia.
org/wiki/Gender_inequality_in_China) in 
the household and got a total of 19,3 kilo-
metres (see table 2). 
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For the courtyard house, we had some 
additional information. When looking at 
the map of the shops and services, we could 
estimate the number of people working 
for these shops and services. By looking at 
a satellite map, we could also estimate the 
number of factories surrounding the village 
and the number of people working there as 
well. Adding the jobs in shops and services 
with the jobs in the factories, we got an 
estimate of the total amount of jobs in the 
village. The working population in the vil-
lage can be said to be aged 18 to 59. Using 
the age distribution of Shaanxi Province or 
China (indexmundi.com/china/age_struc-
ture.html), and removing the unemployed 
rate, 3.4 % in 2013 (chinaknowledge.com/
CityInfo/City.aspx?Region=Western&C-
ity=Xi%27an), we got an estimate of the 
number of people in the village that are 
working. Finally, we found out that 40% of 
the village working population are working 
inside the village, whereas 60% are working 
outside. 

Knowing where 40% of the working popu-
lation worked, most of them in the facto-
ries, we could estimate a travel distance of 
750 metres. We measured from the middle 
of the village in a straight line out to the 
factories, and went a little bit further, to 
get a realistic average. For the remaining 
60% of the working population, we assume 
they would use the same transportation 
means and travel time as from the high rise. 
Finally, we calculated a weighted average of 
the 2 parts of the working population and 
we got a travel distance that we multiplied 
by 1.5 to count both of the working adults 
in the household, the end result being 12.6 
kilometres (see table 2). 

In an attempt to crosscheck our results, we 
tried numbers from the study of transpor-

tation modes and distribution mentioned 
earlier. In the study, they compared the new 
modern area with an old one. We could 
consider Hou Wei Zhai to count as an old 
area of Xi’an. We wanted to know if we got 
similar results using the numbers from the 
old area, instead of combining numbers 
from our fieldwork with number from the 
modern area,. The result was 11.5 kilometres 
per person. It is still shorter than for the 
high rise’s 12.3 kilometres, but there is a 
weakness in this method, because it does 
not account for the 40% that only have 750 
metres to their workplace, but instead says 
that they all need an entire hour.  

Hou Wei Zhai is probably closer to an old 
area in Xi’an, meaning that the old area in 
the study most likely has a high percentage 
of people that work and live inside this 
area. Therefore, if we combine the num-
bers for this old area with our fieldwork 
research, that might also be wrong, since 
it could mean counting the share of locals 
workers twice.  

In conclusion, we believe our method to 
calculate the average distance to work 
for the village is the most accurate. The 
distances to the workplace are by far 
higher than the distances to other daily 
destinations, and because we already have 
accounted for the multipurpose trips for 
those destinations earlier, we will simply 
multiply the distance by 2 to account for 
the return trip from work.

Final Distance Addition 
In table 2, we see the one-way distances. 
The distance to work will be multiplied by 
2, while the rest will be multiplied by 1.5, 
taking into consideration the fact that there 
might be multipurpose trips. The grand to-
tal is 30.2 kilometres for the village house-
hold or 7.6 kilometres per village person. 
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For the high rise, we have 48.1 kilometres 
for the household or 15.9 kilometres per 
person. 

Area Calculations:

Introduction
To transform the previously calculated 
distances into area units, we need a new 
component: the width portion of the infra-
structure used by one person. The basic cal-
culation we will be using is to multiply this 
width by the distance to the destination, to 
get the infrastructure area that one person 
needs. Then, we will add parking lots for the 
personal vehicles like cars, motorbikes and 
bicycles. 

Vehicles 
To find the width portion needed per per-
son, we started by looking at vehicles per 
hour. With good help from Professor Yngve 
Frøyen at the Department of Urban Design 
and Planning at NTNU, we were able to get 
the car count per hour on a normal 3 metre 
wide road. We used an Excel sheet that he 
sent us, where the variables were the length 
of the vehicle, the width of the road and 
the distance to the next vehicle in seconds 
at 1 and 100 km/h. As the output, the sheet 
gave us the vehicle count each hour at the 
different vehicle speeds. The increased 
distance to the next vehicle as the speed 
increased was accounted for in the calcula-
tions. To pick the correct count of vehicles 
per hour, we need the speed of the vehicle 
in question (see table 3). For this task, we 
went looking for vehicle speeds and other 
vehicle characteristics that we will need for 
our calculations. 

Car and Taxi - 17.5 km/h. We found a study 
that analysed the traffic speed in several 
cities in China and the world. Xi’an was not 

a part of the study, but we placed the traffic 
congestion to be similar to Guangzhou, a 
city of approximately the same size in terms 
of population (qz.com/163178/a-big-reason-
beijing-is-polluted-the-average-car-goes-
7-5-miles-per-hour/). We are doing our 
calculations with a car that is 4.8 metres 
long (vegvesen.no/_attachment/61414/
binary/964095?fast_title=H%C3%A5nd-
bok+N100+Veg-+og+gateutform-
ing+%288+MB%29.pdf), that by average 
carries 1.6 people (extraordinaryroadtrip.
org/pdfs/avo.pdf), that needs 3 seconds to 
the next vehicle at 100 km/h and that needs 
a road that is 3 metres wide. 

Bus – 14 km/h. We have based the speed 
on trip we took regularly in Xi’an. A trip 
from the University Campus to the Metro 
that would take us out to Hou Wei Zhai. 
The distance was 3.5 kilometres and the 
bus about 15 min on average, this gives 
us a speed of 14 km/h. We have done our 
calculations with a bus that can take 
100 people, counting 50 sitting and 50 
standing (Estimate based on information 
from AtB buss company, based in Trond-
heim), that is 15 metres long (vegvesen.
no/_attachment/61414/binary/964095?fast_ti-
tle=H%C3%A5ndbok+N100+Veg-+og+ga-
teutforming+%288+MB%29.pdf), that needs 
3 seconds to the next vehicle at 100 km/h 
and that needs a 3 metre wide road. 

Metro - 19 km/h. Calculated average for 
the 2 metro lines in Xi’an, distance divided 
by time between end stations. (Timetable 
and line length: travelchinaguide.com/
cityguides/xian/transportation/subway.htm, 
travelchinaguide.com/cityguides/xian/sub-
way-line1.htm and travelchinaguide.com/
cityguides/xian/subway-line2.htm). A metro 
train wagon is approximately 20 metres 
long (transit.toronto.on.ca/images/sub-
way-5505-03.gif). According to the Chinese 
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students we worked with in Xi’an, that live 
there, each metro train has 6 wagons. This 
gives us a total length of 120 metres. For the 
number of people (news.house365.com/
gbk/xaestate/system/2012/09/23/020770201.
html), we are going to use a 1500 people per 
metro train. We have done our calculations 
based on the metro running at 2-minute 
intervals (Xi’an Subway, travelchinaguide.
com). We will use a 6-metre wide tunnel 
as the infrastructure width needed for the 
metro train (tunnel-online.info/en/artikel/
tunnel_2012-05_The_Doha_Metro_Tunnel-
ling_in_special_Dimensions_1459895.html). 

Motorbike - 20km/h. Based on our observa-
tions and experiences during our fieldwork 
in China, we have set the motorbike to be 
the fastest way to get around in Xi’an. The 
drive past cars easily during rush hour, us-
ing roads and pedestrian pavements at their 
own will. They also ignore traffic lights. 
Our calculations are done with a motorbike 
that is 2 metres long (made-in-china.com/
products-search/hot-china-products/Motor-
bike.html) and that takes one person. Even 
though the motorbikes were seen both on 
the roads, the bicycle/motorbike lanes and 
on the pavement, we will use a 1-metre 
wide lane for our calculations, which is the 
infrastructure width needed. 

Bicycle – 12.3 km/h. According to the Wiki-
pedia page entitled “Bicycle Performance” 
(en.wikipedia.org/wiki/Bicycle_perfor-
mance), the bicycle traffic speed in Copen-
hagen is 15.5 km/h. Traffic congestion in 
Copenhagen and Xi’an is not comparable, 
so we assume that the bicycles go slower 
in Xi’an. A famous tourist attraction in 
Xi’an is to rent a bicycle to ride along the 
City Wall. According to Travelchinaguide 
(travelchinaguide.com/attraction/shaanxi/
xian/citywall.htm), the wall is 13.7 kilome-
tres long and we were recommended 1.5 

hours to complete it, giving us a speed of 
9.13 km/h. This is a tourist route and is 
meant for sighseeing, you we can assume 
that the bicycle speed in the streets is 
faster. We chose a speed between 15.5 and 
9.13.  We have done our calculations with 
a bicycle that is 1.8 metres long (vegvesen.
no/_attachment/61414/binary/964095?fast_ti-
tle=H%C3%A5ndbok+N100+Veg-+og+ga-
teutforming+%288+MB%29.pdf), that 
carries one person and that is used on a 
1-metre wide road. 

Pedestrian – 4 km/h. 5 km/h a universally 
accepted walking speed to use in calcula-
tions. However, based on our observations 
doing our time in China, our conclusion 
is that the average Chinese person walks 
a lot slower than the norm on average. 
We have therefor set the average walking 
speed to 4 km/h. For our calculations, we 
will say that a walking person is 0,4 me-
tres long (vegvesen.no/_attachment/61414/
binary/964095?fast_title=H%C3%A5nd-
bok+N100+Veg-+og+gateutform-
ing+%288+MB%29.pdf). Even though pave-
ments for pedestrians can be quite wide, we 
will use a minimum needed width for our 
calculations, a road of 1 metre.  

Transportation Mode Distribution by 
Infrastructure Width 
As we see in table 4, we know that 17.2 % 
of people mostly use the car when going 
out, 1.2 % take a taxi and 26.2 % take the 
bus. Those three modes all share the same 
infrastructure, which will be our measure-
ment unit, a lane that is 3 metres wide. 
Using those numbers, we can calculate the 
distribution of those 3 vehicle types on 
their infrastructure unit (Table 5).

In a car, there is an average of 1.6 people and 
we use the same average of the taxi. In a bus, 
there is space for 100 people. By dividing 
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the newly found percentage of people using 
the vehicle by the average number of people 
using the vehicle, we get the average number 
of vehicles per person. Finally, we turned 
this into a new percentage distribution and 
found that, on the 3 metre wide lane, there’s 
91.4 % cars, 6.4 % taxis and 2.2 % busses. 

By doing the same for the second meas-
urement unit, the 1 m lane for motorbikes, 
bicycles and pedestrians, we found that 6.9 
% of the vehicles on the lane are motorbikes, 
50 % are bicycles and 43.1 % are pedestrians. 

For the metro, we used a third type of lane, 
one that is 6 metres wide, corresponding to 
the width of a one direction metro tunnel. 
The area calculations for the metro will be 
simplified and will not include area needed 
for stations, only the width of the tunnel it 
is running through. The Xi’an Metro train 
can take up to 1500 people, according to our 
estimates.

Vehicles and People Count per Hour 
By using Pr. Frøyen’s Excel-sheet, we were 
able to find the vehicle count per hour for 
each of the transportation modes, using the 
data listed in table 5. 

Those first numbers are not realistic, as 
they assume that you only one type of 
vehicle on the road at the same time. By 
calculating a weighted average using the 
distribution by infrastructure found earlier 
(that was based on people’s travel habits), 
we get a more accurate number (table 6). 
For the 3-metre wide road: 1665 vehicles 
in total, counting 1541 cars, 108 taxis and 16 
busses. For the 1-metre wide road, we have 
counted only one person per mode, so we 
have the same amount of “vehicles” as we 
have people: 2442 people in total, counting 
161 on motorbikes, 1146 on bicycles and 1146 
people. For the metro, we get 25 vehicles 

per hour. 

To get an idea of how many people this 
really means, we can multiply the number 
of vehicles by the number of people per 
vehicle, so that we get the people count 
per hour by vehicle. By calculating a new 
weighted average using the distribution 
by infrastructure found earlier, we get an 
estimate on the total number of people that 
uses the infrastructure per hour (see table 
6). For the 3-metre wide lane, the total is 
4256 people, counting 2466 people in cars, 
172 in taxis and 1617 in busses.

Needed Width Portion of Infrastructure 
per Person 
To calculate the needed width portion of 
infrastructure per person, we will divide 
the total lane width by the total vehicle 
count for each lane type, so that we get the 
width portion per vehicle. For the 3-metre 
lane, that gives us 1.80 millimetres per vehi-
cle, 0.41 millimetres for the 1-metre lane and 
240 millimetres for the metro. We know the 
average number of people per vehicle type, 
which means that by dividing the width 
portion per vehicle by the number people 
for each of the different vehicle types, we 
get the needed infrastructure width portion 
per person (see table 6). 

For the 3-metre lane, a person using a car 
or taking a taxi, needs 1.13 millimetres of 
the road’s width, while a bus rider only 
needs 0.02 millimetres. For the 1-metre 
lane, we get 0.41 millimetres. All of the 
transportation modes on this lane type 
need the same width portion, because they 
all “carry” the same amount of people. For 
the 6-metre wide lane of the metro, we get 
0.16 millimetres per person. The numbers 
are found using a maximum vehicle count 
for a certain speed (Norwegian standards), 
meaning that they are probably close to 
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reality during rush hour, but maybe not at 
night and when most people are at work. 

That being said, the calculations provide us 
with the minimum needed width portion 
of a road per person, since the numbers 
are taken when the road is most crowded. 
If we were to use absolute numbers, the 
result might be a higher width per person, 
resulting in proportionally higher areas 
needed in infrastructure. This would be to 
the village’s advantage in our calculations, 
the distances to the different destinations 
being on average smaller than for the high 
rise.

The Workplace 
As explained earlier, the workplace re-
quires separate distance calculations from 
the other daily destinations. For the same 
reasons, we will do this for the area calcu-
lations as well. We start by calculating the 
area needed per transportation mode. We 
multiply the distance reached by the trans-
portation mode during the hour it takes 
to get to work by the infrastructure width 
portion per person calculated for each 
transportation mode (see table 6). We get 
the following results: 19,70 m2 for the car 
and the taxi, 0,25 m2 for the bus, 3,04 m2 
for the metro, 8,19 m2 for the motorbike, 
5,04 m2 for the bicycle and 1,64 m2 for the 
pedestrian (table 7).

preference (see table 3) for each of the vehi-
cle types. The result is the average needed 
area per person to get to work: 5,73 m2.  
For the high rise we will multiply is by 1,5 
to count in that 1,5 people per household 
are working, giving us 8,59 m2. For the vil-
lage we will use the previous result for 60% 
of the calculation, but just like for the dis-
tance calculations, we will account for the 
40% that only have 750 metres to go to work 
and that are assumed to be walking. The re-

sult is 5,34 m2 after counting the household 
workforce factor of 1,5 (see table 2).

Other Destinations 
For the other destinations we have includ-
ed in our calculations, the maths were sim-
pler. Since all the destinations were under 
1500 metre away from home in average, we 
think it’s safe to assume that people would 
walk, take a bicycle or motorbike to get 
there. All these three transportation modes 
use the same width portion of infrastruc-
ture, so it does not matter for the resulting 
area what mode is chosen. We multiplied 
the width portion for the 1-metre needed 
lane by the distance to the destination. The 
results can be seen in table 2. 

Parking Space 
Some of the vehicle types are personal 
transportation modes, meaning that they 
will need parking space. After a discussion 
with Professor Frøyen, we decided to do 
our calculations with 2,5 parking lots per 
personal vehicle, counting 1 at home and 1,5 
elsewhere (work, shops, etc). The vehicles 
that count as personal are cars, motorbikes 
and bicycles (table 8).

study of parking space norms has been 
made, a car requires a minimum of 19,36 
m2 for parking in a parking lot and a 
maximum of 22,86 m2. We will assume that 
when the car is parked somewhere, it is in a 
parking lot, be it at home or elsewhere, but 
that the parking lot at home is by average 
smaller than the ones elsewhere (https://
www.planning.org/pas/at60/report59.htm). 

A motorbike needs 6 m2 and a bicycle 
needs 1,2 m2 according to our calculations 
that are based on numbers from the N100 
Håndbok from Statens Vegvesen (vegvesen.
no/_attachment/61414/binary/964095?fast_ti-
tle=H%C3%A5ndbok+N100+Veg-+og+ga-
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teutforming+%288+MB%29.pdf). We know 
the distribution of preference in transpor-
tation modes (see table 4) and we will use 
those to determine the average needed 
parking space for each vehicle type by cal-
culating a weighted average (see table 8).  

In the case of the car, we will integrate 
some additional information. The Village 
Administration Office in Hou Wei Zhai 
estimated that 80% of the village popula-
tion have a car. We interpret the “village 
population” as being the local villagers, not 
counting the immigrants. Based on those 
numbers, we found that this means that 
30% of the households in the village owns a 
car. For the modern high rise area, we used 
statistical information for Xi’an (http://
www.chinasignpost.com/2013/06/23/count-
ing-cars-rising-private-automobile-owner-
ship-in-chinese-cities-paves-road-for-gas-
oline-demand/) stating that there are 17,9 
cars for every 100 people. 

Using the same method as before, with the 
average Chinese household size of 3,03, we 
discover that 54% of the households have 
a car (table 9). We will use those percent-
ages to calculate the average parking space 
needed at home (see table 8). To calculate 
the total need for parking space for the 
village and for the high rise, we added the 
parking need for each personal vehicle 
together. The total is of 11,54 m2 per house-
hold for the village and 17,57 m2 for the 
high rise area. 

The Final Addition, Integration into the 
Real Area Ratio Fraction and Conclusions 
Finally, we will add all these numbers 
together. The needed area for work will be 
multiplied by 2 to account for the return 
trip, while the areas for the other desti-
nations will only be multiplied by 1,5 to 

account for multipurpose trips. The grand 
total is 24,7 m2 for the village household or 
6,2  m2 per village person. For the high rise, 
we have 38,6 m2 for the household or 12,7 
m2 per person (see table 2). If we do a little 
analysis of the results, we see that the area 
need per person is twice as big for the high 
rise area than for the village. 

We will now implement the needed infra-
structure area into our R.A.R calculations 
using the fraction presented in the intro-
duction of this chapter. We see that the 
original F.A.R-gap of 2,5 between 3,8 for 
the high rise and the 1,3 of the courtyard 
house, has been narrowed down to 0,6 
with 1,6 for the high rise against 1,0 for the 
courtyard house. 

By using the same method and numbers as 
presented throughout this chapter, we have 
calculated new floor areas for our proto-
type, the new upgraded courtyard housing 
unit. The R.A.R for this unit is, according 
to our calculations, 1,7. This means that by 
upgrading the courtyard houses, not only 
do we preserve an important part of culture 
and tradition, but it would seem like it is 
also much more area efficient than the 
modern high rise housing projects that are 
mostly built today!

Thoughts and Remarks 
In this calculation, we have not included 
the area needed for the workplace itself, 
or shopping area, nor many other surfaces 
that could be influencing the numbers. 
That being said, if we  suppose that these 
daily activities are built in the same way as 
the modern housing projects in China, we 
can assume that they are not very area-ef-
fective either, making the numbers go even 
more in favour of our cause. 

There is no doubt, the F.A.R is a good 

14



indicator for short-term profit on a specif-
ic plot, but when looking at the city as a 
whole, it becomes clear that the area use 
is not as efficient as the high rises claim to 
be. A little ironic, when they are built in the 
name of high density.
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Case study

Cheng family
We were lucky to meet Mr. and Mrs. Cheng, 
along with their two lovely children. 

Mr. Cheng likes to help people in the vil-
lage, whether they need to carry furniture, 
fix a truck or do some construction work. 

They let us study their courtyard house, 
and told us about their life in the urban 
village.

Chiefs
There are six villages within the village of 

Hou Wei Zhai. Mr. Cheng is an important 
person in his family’s village, a chief so to 
speak. 

Part of our strategy is having the most 
influential people in the villages upgrade 
their plot first, so the other villagers will see 
how well it works and want to do the same. 
This way the “Chiefs” of the village are the 
first triggers. 

Social network
“I know almost everyone in the village 
(Cheng-village), but my closest friends are 
maybe 6-7 houses nearby.” - Mr. Cheng

On the lower map on the next page we see 
the network for the Cheng family. We asked 
if they knew many people in the village, and 
they told us they know all the people in the 
village! 

They also said they had some closer friends 
nearby, those are marked in white. Their 
best friends live in the house right across 
the street. We asked Ms. Cheng who they 
would call upon in an emergency, and those 
houses are marked pink on the map.
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Mr. Cheng’s network

Map showing all the villages within Hou Wei Zhai - Cheng village shown in blue

Map showing family Cheng’s network. Blue is Cheng’s plot, pink are emergency contacts and white are close friends.
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Section 1

Plan 1

Link to website: www.urbantriggers.net/2015/group1

Case study
In our case study we chose two neighbour-
ing courtyards. The two courtyards are 
only separated by a low wall, but they look 
quite different from each other. The largest 
courtyard, the one which belongs to Mrs. 
and Mr. Cheng, and the smaller one were 

originally the same size. Then, the last few 
years, the owner of the smaller one decided 
to expand their house to get more income 
from renting out rooms. This happened 
at the expense of the spacious courtyard, 
resulting in a narrow and darker common 
area.  
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In Cheng family’s courtyard there are a lot 
of plants and flowers, even two trees where 
one of them also serves as a mop rack. Most 
of the flowers in the courtyard come from 
seeds which Mrs. Cheng has collected from 
other courtyards.  

“If I like a plant I see in the street or in 
some neighbour’s courtyard, I just take 
some of its seeds, or a part of it, and plant it 
in our courtyard” - Mrs. Cheng 2015 

Because the neighbours on the east side 
just expanded their house, the sun doesn’t 
come into the courtyard until 10 in the 
morning, but there are still a lot of sun 
there rest of the day. Mr. and Mrs. Cheng 
enjoy being in their courtyard with their 
children both for daily chores, dining and 
for relaxing. Even in winter they prefer to 
sit in the courtyard and eat. They just move 
closer to the house to keep themselves 
warm.  

When we were in Mr. and Mrs. Cheng’s 
courtyard we saw a lot of students from 
the primary school nearby, neighbours and 
other children come into the courtyard to 
play. Some of the younger visitors played 
with the Cheng-children and others bor-
rowed their toys. The floor in the courtyard 
is decorated with geometrical red tiles and 
the banister has a flower-inspired pattern. 
Mr. Cheng told us the first thing he would 
change if he could would be to decorate 
the courtyard more. He said they really like 
having many visitors in their courtyard, and 
they really appreciate having so many good 
neighbours and friends. 

Their closest friends are in the courtyard 
house right across the street, they are 
scrap dealers and work a lot outside their 
courtyard in the street. They can sit and 

talk to them just by sitting outside their 
own courtyard, because the street is not 
too big, Cheng says. They got an old bike 
and some chairs without legs from them 
for free, amongst other things, just in case 
they could use it. We could see they use 
the chairs a lot, and the bike they fixed 
themselves, so that their little boy can use 
it when he gets older. In the meanwhile the 
older kids from the neighbourhood borrow 
it whenever they want.  

In the second courtyard there are bikes, a 
food cart and other personal belongings 
stored along the walls. Every door has its 
own broom and trash can. A long line of 
clothes are hanging to dry by the east wall 
of the courtyard, barely catching some sun 
in the middle of the day.  

The floors are mostly concrete, but the 
walls are all covered with brick-patterned 
white glazed tiles. The entrance floor is 
covered with a plank-imitating cover, but 
it seems like it is hastily laid down with no 
intention on making it permanent. When 
we asked them if they liked the wooden 
floor better than the concrete, they said it 
was very unpractical and slippery, and the 
only reason it was still there was because 
the owners put it there a long time ago. 

A lady from this second courtyard told us 
that if she had the Cheng-family’s court-
yard she would eat outside everyday and 
enjoy some gardening. Just like Mrs. Cheng 
she loves flowers and wishes she could 
plant trees and flowers in the courtyard.  

In both courtyards the sink is situated 
in the middle of the east wall facing the 
courtyard. In the second, narrow courtyard 
there are 24 residents who are sharing the 
facilities, while the Cheng family are only 
4. Even though they are 24 residents in the 
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second courtyard it works well because 
they all have different time schedules. 

One family sells breakfast at the metro stop 
early in the morning, getting up at 5 am. 
Another family gets up at 6 am to drive 
taxi. Another family gets up at 7 am and 
makes noodles which they sell at the metro 
stop, and one family make food during the 
day and don’t come home until very late 
because they sell food at the night market. 
This family are the ones who close the gate 
to the courtyard when they come home, 
because they are the last ones to go to bed.  

From our studies we discovered that décor 
is very important to Chinese people, espe-
cially in personalizing their homes. When 
we asked the villagers about what they 
wanted to change in the courtyard if they 
could, most people said they would deco-
rate more. This is probably why they want 
to have different kinds of tiles on the floors 
and walls. There were different tiles in 
every courtyard we visited, and this gives us 
the impression that they like to show their 
personal taste with unique tiles.
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Prototype

Here we see all the courtyard houses in 
Hou Wei Zhai (map). We categorized them 
in four main plot types (see map). We found 
that 89% of all courtyards were north-south 
oriented. Of all 1351 courtyard houses there 
were only 147 oriented east-west, in other 
words 11%.

Of the courtyards oriented north-south we 
found three main plot types: the ones that 
were back-to-back (47%), the ones that were 
extra long (14%), and the ones that were 
normal length but either has roads on each 
end or something other than buildings on 
the ends (28%). The latter is the one we 
chose to study in more detail as our case 
study, and you may recognize this plot as the 
home of Mr. Cheng’s family.

East-west

Orientation east-west

Orientation north-south

Back-to-back

Our main prototype

Long plot
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We made suggestions for upgrading all four 
courtyard housing types. There were many 
factors to consider when deciding how to 
upgrade.

Size of the courtyard
Many of the courtyard house owners in the 
village have built extensions on their plot 
in order to rent out more rooms. As a result 
the courtyards have been made smaller, and 
in some cases it is almost a hallway. When 
visiting the courtyards, we found that many 
people would visit the bigger courtyards 
regularly, and in houses with narrow 
courtyards people were not as satisfied with 
their courtyard. With no exceptions, people 
preferred to cook and eat outside. They told 
us they preferred it because of the daylight, 
sunshine and fresh air. Unfortunately not 
every courtyard was equally suited or big 
enough. We want to give everyone a great 
courtyard, regardless of people’s income and 
location in the village.

We looked at all the courtyards we had 
studies together with the interviews, and 
found out that people preferred a rather 
wide courtyard, and the ideal in their 
opinion was about the whole width of one 
plot, and around 60 m2. The people who 
had those courtyards were very happy, 
but would like to have more people live 
there, and the people who didn’t have big 
courtyards really wanted it. We based the 
courtyard sizes on the width of one plot, and 
increased the average size to 85 m2, but in 
order to still have high density we needed 
to find a new solution to how the housing 
should be arranged.

Sunlight
Sunlight is very important to everyone 
we talked to in the village. Some people 
even know exactly when sunlight hit their 
courtyard in the morning, and when it leaves 

again. We made 3D-models of all the four 
courtyard types (see figure: Sun studies of 
prototypes), and then we did sun studies 
using Xi’an as the location. This way we 
could see how our changes affected the 
sunlight all the time, and weigh this against 
other priorities, such as density.

We landed on something we believe is well 
balanced between the two. The courtyard 
was made longer in the direction that gave 
the most sunlight, and the houses would be 
lower where it counted the most and made 
higher where it did not make significant 
difference.

Activity capacity
How many people can share a courtyard 
without being too crowded? We asked 
around, and the general opinion was “the 
more the merrier”. People we talked to 
would usually want many families to share 
their courtyard with, because it is more 
social, more people to share rent and 
responsibilities. It also makes people feel 
safer, especially when letting their kids run 
around unsupervised.

We found that people would use their 
courtyard for many different activities, for 
instance washing dishes, washing clothes, 
hanging clothes, cooking, eating, playing, 
relaxing, socialising, gardening, fixing 
bicycles, making shoes and much more. 
We want people to still be able to do those 
things in their courtyard after the density 
increases. Therefore we decided that the 
absolute minimum size for the courtyard 
would be the same as the courtyards were 
when they started out, the so called “basic 
type”. This has a courtyard the same width 
as the plot width, and one example of the 
basic type is Mr. Cheng’s courtyard.
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Prototype:  Back-to-back Prototype:  Long plot Prototype:  Main prototype Prototype: East-west

Original Original Original 
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Figure: Sun studies of prototypes
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One plus one makes great
We want to keep the current owner 
structure in Hou Wei Zhai. There are many 
reasons why, we’ll say more about this in 
chapter 5, “Advantages”. The village consists 
of many small plots with little variations in 
size. 

Most plots have one owner, who rents out 
rooms on their plot. Many owners now rent 
out rooms as their main income after the 
farmland was seized by the state and the 
village became an urban village. We want the 
owners to benefit from the upgrade, instead 
of investors who already have high income.

When attempting to increase the density 
on one plot at a time we discovered that the 
houses needed to be at least 5 stories high. 
This way the courtyard would get very little 
sunlight. Therefore we tried to upgrade 
two plots together, so that they could share 
a bigger courtyard and still have plenty of 
sunlight. Now the housing did not have to 
be as high.

We believe that combining two and two 
plots together could benefit both owners, 
and therefor they might be more inclined 
to do it. They would both get access to a big 
courtyard and have more renters than they 
could have had if they were to upgrade their 
plot alone.

The four types of plots we found all have 
some special adjustments needed because of 
their locations, sizes and orientation:

East-west
The plot type oriented with the entrance in 
the west and the back in the east stands out 
from the rest in that it has a very different 
sunlight properties in the courtyard. We 
decided to change the courtyard orientation 
a bit, by letting the courtyard go all the way 

south on the south most plot of the two, 
and then the length would stretch towards 
the north, much like on the other three 
types. We kept the houses on the ends of 
the courtyard the lowest, both because the 
specific courtyard should have as much 
sun as possible, and because the prototype 
should work when there are more plots on 
a row. This way the neighbours’ housing 
does not cast to much of a shadow on other 
courtyards.

Long plot
This plot type is longer than the other three, 
so it can easily afford to have both a decent 
size courtyard, and a backyard. Other than 
that we increased the depth of the housing 
on the ends of the plots, thinking it can 
work because there are streets on each end 
ensuring a decent amount of daylight on 
each end.

Back-to-back
This plot type does not have open space on 
each end, but is rather sharing a block with 
another plot. Because of this we wanted to 
make sure there would be enough natural 
lighting in the houses, so we changed the 
courtyard and backyard and made the 
courtyard bigger instead of having a back 
yard. This way the owners on each plot 
can build all the way to the end of the plot, 
without having to rely on the other not to do 
the same. 

Both plots would benefit from building 
housing towards the south lower and 
towards the north side can be higher. The 
two plots in the south will have a little 
more sunshine in their courtyard than the 
two in the north, but we think that a little 
difference is not necessarily bad.

On the contrary, we tried to make different 
places with different qualities on all of the 
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prototypes. The rooms should fit all kinds of 
people, in every stage of life, with all family 
sizes and income sizes finding something 
that fits their needs. We will give concrete 
examples on our focus prototype, Mr. 
Cheng’s property.
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Our main prototype
For our main prototype we made a flexible 
floor plan suggestion. The main walls form 
the structural frame of the building. The 
non- loadbearing walls within divide these 
main rooms into smaller rooms, which can 
easily be adjusted for the different users. 
The floor plan is flexible, and our main 
restrictions are, as mentioned, of the size of 
the two courtyards.

We tried to suit the different parts of the 
building to different kind of renters. The 
rooms facing the backyard will be worth less 
rent money because they have less light than 
rooms facing south or the big courtyard. 
Therefore the small rooms there can be a 
good fit for renters who don’t have much 
money to spare, like students or migrant 
workers living alone. The bigger rooms in 
the north can either be for people who have 
enough money to rent it and wants more 
space for their money, or for bigger families 
who can split the apartment into more 
rooms for all the family members.

On ground floor we tried to keep the 
existing rooms of Mr. Cheng and his family, 
so they won’t have to move out of their 
home. The only change we did was moving 
their entrance to the hallway, so the façade 
facing the courtyard can have big windows 
letting a lot of sun in. We also wanted to 
keep the same spaces for the people living 
in the neighbouring courtyard, so that 
they all had the same number of m2, and 
basically the same location as before. It is 
very important to us that the same villagers 
still feels at home in their house, and the 
upgrading is designed with their wishes 
in mind. Even the smallest detail from our 
interviews, such as favourite places to sit, has 
been incorporated into the plan. Space for 
greenery and flower beds specifically was 
very important to the residents, as well as 

the sunlight and other big factors.

The entrance to the building is on one of 
the plots, while the hallway to the backyard 
is situated on the other plot. This way they 
both have a part of their plot for common 
area. In the hallway we placed a washing 
machine, after noticing that all the villagers 
kept their washing machine under roof. 
As the hallway is a common area it is an 
opportunity to create a meeting place for 
people coming home to the courtyard house 
and people washing their clothes to chat 
and share news. It is also a natural place to 
store things, just like they do today in the 
common entrance room.

In our study of the village we noticed how 
important the sink or water tap was, often 
being close to the centre of the courtyard. As 
mentioned earlier a lot of the daily activities 
include water, like washing clothes and 
dishes, rinsing and drinking. After asking 
many people how often they use the sink 
in their courtyard, and how many people 
shared one sink, we found out that one 
sink for almost 28 people worked well. We 
decided that two sinks in a shared courtyard 
would be good, and then the two owners 
could have one on each plot.

We also wanted to keep the little boutique 
facing the street, now situated at the left 
side of the plot. It can either be a part of the 
apartment next to it, or it can be rented out 
alone to outsiders who only want to rent a 
shop facility and not live there.

In the courtyard we placed a flower bed with 
two benches incorporated in it. We wanted 
to preserve Mrs Chang’s favourite spot in 
their courtyard, beside her flowers on the 
edge of the flower bed. This flowerbed is 
placed in front of the plateau which takes 
up the difference in height between the 
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back of the house and the front part. This 
is also something we want to keep from the 
original plots. The owners save money by 
keeping the original foundation, and they 
can still benefit from the height difference 
when they want to flush out water through 
the gutter. The plateau is also where there’s 
most sunlight in the courtyard.

The design of the bathroom is up to the 
owners, but we made a suggestion to the 
size and placement. Due to the traffic in 
and out of the building, through the main 
entrance and up the stairs or up the ramp to 
the backyard, the courtyard is parted in two 
main zones on each side of this path. The 
right side of the stairs is where the people 
can sit down and enjoy the sun and the view 
of the courtyard, and the left side is a zone 
with a lot of doors facing it. That is why we 
chose to place the bathroom on the left side.

As mentioned in our case study the tiles 
are an important part of the décor in the 
courtyard housing. We wanted to let the 
personal taste of the owners decide the 
materials for the upgrading, so that the 
village will continue to be varied and 
personal from plot to plot. We chose to use 
some of the existing decorative tiles from 
the courtyards in our illustrations, but we 
do this to show the style and tastes of the 
owners, not to restrict their choices for later.

Financing the upgrades
To trigger the upgrades in the village, 
as mentioned, we want to let the most 
influential and important people in the 
village start. The chiefs in the 6 villages 
within Hou Wei Zhai will show everyone 
else how it can be done and how well it 
works. To see how the villagers will be able 
to finance the upgrading, check out this 
project: http://urbantriggers.net/2015/group2
When people in the village invest in their 

village themselves there is no need for 
extern investors, and the owner structure 
will remain. The profits will all go to 
the owners in the village. Our plan for 
upgrading the courtyard housing is flexible, 
so that the owners themselves can choose 
how big the different rooms will be, what 
tiles to use and other specific details about 
the buildings. Our plan is firm first and 
foremost when it comes to minimum 
courtyard sizes, height restrictions, and that 
the roofs can be used as flat outdoor area.
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Section 2

Plan 2
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Advantages

Small scale
Looking closer at the courtyard life, we 
see that there are many advantages to the 
courtyard housing structure. All the rooms 
in the house share the courtyard space, 
which makes the courtyard a social hot spot 
for the people living there.  

We found out through our interviews that 
a lot of inhabitants want to share their 
courtyard with at least a few families, and 
that most people wanted to share with as 
many people as possible. If the density were 
to increase using our prototype, this would 
not only make it possible for up to 70 people 
to share a courtyard, but it would also make 
the courtyards more suited for bigger groups 
of people. 

In many cases, as we have seen, the 
courtyards have been made drastically 
smaller by the housing extensions made 
on the plot. Therefore the courtyards are 
essentially smaller the higher the density on 
the plot. Using our prototype everyone will 
have access to a bigger courtyard. 

The courtyards provide safe places for 
children to play. The low threshold to enter 
an open courtyard would facilitate the 
playing of children from different families. 
It is very easy to just come by and play, and 
makes it easy for kids to meet other kids. 
According to some reports, children that do 
not play with other children until they are 
5 years old, have a bigger chance to develop 
mental illness later in their life (Alexander 
et. Al 1977).  

During some of our interviews in the village 
we were told that parents let their children 
play in the street just outside the courtyard 
house, because they could be easily observed 

from there. We saw many groups of children 
walking freely to and from other people’s 
courtyards during our trips in the village.  

A higher density of the courtyard house will 
also benefit the owners of the courtyards 
economically. Higher density means 
more rooms to rent out and more income 
from the tenants. The courtyard structure 
also makes the maintenance cost lower 
compared to a high rise. For instance, 
because of the courtyard, there is less inside 
area needed in the house. 

The number of floors in the courtyard are 
little compared to those of a high rise, which 
mean there is less need for an elevator. The 
money for elevators, such as buying prize, 
installation cost and maintenance cost, will 
be saved. The courtyard also provide houses 
with natural air ventilation, which lessens 
the need for electrical ventilation.  

The courtyard is a place to eat, cook, 
socialize, wash clothes and more, and  there 
is also space for gardening. In a report 
concerning New Courtyard houses in 
Beijing, the architect Donia Zhang mentions 
the importance of people being in touch 
with green areas (Zhang 2006). 

And although the city has a number of 
parks, which are nice areas for recreation, 
especially for families in the weekends, most 
people live too far away to visit these daily. 
In the courtyard families have the possibility 
to grow their own plants and trees right 
where they live. The courtyard, as well as 
roof areas, can also be used for growing 
vegetables. This can provide tenants and 
owners with more food, and also give the 
possibility to sell the vegetables they grow. 
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In fact, a number of people we interviewed 
revealed that they do gardening as a hobby 
(Interviews from the village). After all, a lot 
of villagers used to be farmers and still have 
a lot of knowledge about this.  

The courtyard structure has a lot of roof 
area per person compared to a high rise. 
This means there are areas on top of the 
building which are suitable for solar panels, 
which is a source of cheap sustainable 
energy for the residents. People living 
in the courtyard house also use the roof 
areas for different activities, like previously 
mentioned small scale farming. Both the 
growing of vegetables and the use of solar 
panes will give the residents economical 
benefits. The Jiè group has made some 
calculations that shows that if you only use 
one sixth of the roof area in the village, 
it would provide enough energy for the 
consumption of 9000 households (Jiè 2015). 

Because courtyards can be used for many 
activities that would otherwise happen 
inside, the housing units can be smaller. 
Therefore there is less area to heat up for 
the people living in the house , and also 
less area built per unit. According to the 
book “ Cities and forms” (Salat, S., Labbé, 
F. and Nowacki C. 2011) the Chinese high 
rise buildings need more energy to stay 
heated compared to other typologies. 
This is because the buildings stand alone, 
and because of the extreme height of the 
buildings. Because of less heated area in 
courtyard housing, the residents will benefit 

from living there, compared to high rise. The 
environment will also benefit from less use 
of energy. 

A lot of people come to Xi´an to work and 
make money in the city. They are migrants 
and most of them are looking for a cheap 
place to live. In that way a room in the 
courtyard is a good choice. Like many other 
urban villages, Hou Wei Zhai offer this to the 
migrants, and it is an important contribution 
to the affordable renting market. 

The migrants work in the city and they are 
a big part of the economic development In 
Xi’an. They provide a very welcomed source 
of income for the owners in the village by 
renting rooms there. 

Urban level
In urban village structure there are short 
distances to almost every daily activity. This 
means that the residents inside the village 
are able to walk or take the bicycle whenever 
they need something. The exception is work:  
60% of the residents work elsewhere in the 
city, just like the people living in high rises.  

High rise residents have to travel outside 
the high rise area for everything they need 
outside their apartments. Therefore they also 
use other transportation than just walking 
or bicycling more often than people in Hou 
Wei Zhai. 

In China the average traveling time to work 
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is 1 hour. In comparison, the world average 
is only 15-20 minutes. The urban planning 
in China might be to blame for this drastic 
difference, as the high rise areas with only 
one function are being built all over the 
place. This typology makes it hard for people 
to find places to live near work.  

The less time people have to spend 
travelling to and from work and other 
necessary daily trips, the less stressful the 
day becomes and the more time people 
can spend doing things they really want 
to do. This affects health in a very real 
way.  According to different researches, 
commuting like you do living in a Chinese 
high rise in Xi´an on average, makes blood 
sugar and cholesterol levels rise, and blood 
pressure rises over time as well. Quality of 
sleep also decreases while depression and 
anxiety risk increases. Even happiness and 
life satisfaction decreases - getting worse 
according to commute time. 

Muscle stiffness and pain after sitting for 
a long time, and not surprisingly activity 
levels decreases as well when the commute 
is longer. This can be because of  the time 
spent back and forth to work, there simply 
is less time left to exercise. Time spent 
commuting has an impact on family life and 
spare time as well, which is directly linked to 
mental heath and satisfaction with life.  

China is increasing their CO2 emission. 
In 2013 they had almost 9 billion tons of 
emission from their energy consumption. 
One reason for the increase in CO2 
emissions is the increased car traffic caused 
both by the economical growth and the 
urban planning in China. 

A car will use 1,7 litres of fuel on a return 
travel to work 17,5 km away. (Or 0,5 litres 
traveling 10 km. One litre of fuel will release 

2,5 kg CO2, which means that back and 
forth to work there will be an emission of 
4,25 kg of CO2. / or 1,25 kg of CO2 in one 
hour of travel. Besides 70% of the energy 
consumption is based on coal. Using 1 kwh 
of energy from burning coal releases 0,34 kg 
of CO2. 

The air in China is heavily polluted. This is 
caused by the releasing of suspended dust. 
The biggest factor increasing the suspend 
dust  is road traffic, and the burning of coal. 

As a result of  this suspended dust  86,17 
percent of the air in China is polluted. In 
2008, the number of deaths which could be 
linked to air pollution was 470650 people. 
The length of paved roads in Xi’an grew 
from 840 to 3400 km in only the last 20 years 
(Xi’an Statistical yearbook, 2014). 

Urban land expansion 
Chinese cities have expanded at a very high 
speed for the last 3 decades, and Xi’an is no 
exception. In recent years countless high 
rise towers have been built on large plots. 
They all have high FARs, but they do not 
contribute to building a denser city. In fact, 
this is a very inefficient way of expansion 
which creates urban sprawl, and in some 
cases ‘ghost towns’ (World Bank 2014; xxiii). 

This superblock typology is the main model 
of city expansion in China today. Typically, 
cheap land is bought in the outskirts of the 
city. It is harder for the government to buy 
land from urban citizens than rural citizens 
because of stronger property rights. (World 
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Bank 2014; 10).  

We saw a clear example of this in China: 
Hou Wei Zhai village is located far from the 
city center, and will soon be demolished. In 
another urban village we visited in China, 
the Small Wild Goose Pagoda village in the 
center of Xi’an, people were very unsure 
about when the village would be demolished 
and ‘had not heard any news yet’. Some of 
the locals told us that the developers would 
need to invest much more to profit from 
it, maybe in a hotel or a commercial center 
(Interviews in the village). 

Rural farmland and properties are far 
cheaper. Statistics show that the amount of 
built-up land has increased about twice as 
fast as the population growth (See figure 
ZZ). It has gone so far that the central 
Chinese government this year started a 
campaign to make cities draw a red line to 
stop urban sprawl. Xi’an is among these 
cities (China.org, 2015). Question is, why 
has the local government allowed this 
development to happen? 

Part of the answer is that the local 
government has a big need for income. 
Because of a tax-sharing system from 1994, 
the local government received a smaller part 
of the taxes and got less income than before. 
It currently has no financial stability and 
spends a lot more than the income (Eloisa 
M. et Al., 2013; 11). The local government 
is responsible for schools, hospitals, and 
urban maintenance, infrastructure and 
construction etc. 

To be able to finance it all, the government 
lend money from banks through 
government-owned companies called 
UDICs (Urban development investment 
corporations). They now have huge debts 
(China.org, 2015). The other big source 

of income is the conversion and sale of 
land and real estate development. Some 
developers reveal that about 50 % of costs in 
the real estate sector are taxes (Eloisa M. et 
Al., 2013; 12). The local governments depend 
strongly on such income and therefore they 
encourage rapid and massive real estate 
development. 

Preserving the fine grain urban fabric 
Eventually the new Superblocks have 
surrounded a lot of the old villages, and 
often replaced them. Many of the villages 
in Xi’an and Xi-xi’an have already been 
demolished (See figure XX) and many 
more are in danger of this. They are seen as 
eyesores by the local authorities and do not 
fit into the urban panorama (World Bank 
2014; 140). 

When the government buy land from the 
villagers, they sell, or lease, this land to a 
developer. The first thing that happens is 
that the owner structure changes. From 
being a complex village with as many house 
owners as there are courtyards, the total 
area now has one owner. It is up to him to 
develop the plot as he finds most beneficial. 

FIGURE ZZ
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Because of the high profit of real estate 
apartments, any developer with “common 
sense” would build residential towers with 
repetitive buildings and little variation to 
earn more money fast (Roggeveen 2011: 
125). But the new typologies cause more 
problems than they solve. Even with a 
higher FAR (floor area ratio) than the 
courtyard, the reality is that they contribute 
to urban sprawl, while not even offering a 
better way of living for residents. 

Plot sizes are normally very big, about 275 x 
275 meters in average in Xi’an (Based on 10 
case studies). The coverage ratio, the amount 
of built land on the plot, is about 15 - 20 %. 

This is very low compared to the 65 % of the 
ratio in Hou Wei Zhai village. The distances 
to your neighbors is longer, as the nearest 
house may be 100 meters away. 

When a village moves in to a high rise the 
social fabric is changed drastically. The 
people can no longer just call out to their 
neighbours if they need help or just want to 
chat, the visual contact between neighbours’ 
property is gone so the social control and 
security is gone as well as the natural time 
spent together in the courtyards. It is harder 
for residents to find people to look after 
their kids while they are away, and they will 
be a lot more isolated socially. The building 

they lived in would no longer form part of a 
continuous whole with the rest of the urban 
fabric, but stand in isolation (World Bank 
2014; 141).  

One might think that people live closer in 
the high rise, because you get more people 
in a smaller area of land, but the truth is, the 
average distance to the 5 closest houses is 95 
meters. And internally in a high rise tower 
apartments are separated by floors, and a 
hallway where residents only see the closed 
doors of their neighbours. This does not 
facilitate near relations but rather creates 
distance between people. The absence of 
natural meeting places, like public squares 

and streets also contributes to this. 

Smaller plot sizes and shorter distance 
between intersections of streets have many 
advantages at the urban scale. First, it 
provides a more competitive and gradual 
development over time. It is more inclusive, 
because it opens up for many developers 
rather than one, which creates more 
variation and diversity. 

Plans do not have to be developed in bulk, 
smaller projects can be built at different 
times and still work well together. Such a 
structure gives a much higher complexity, 
which you would not find in a high rise area. 
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In a much more inclusive way, smaller plots 
open lead to mixed use, attract many small 
businesses, and generate local economies. In 
the high rise it is very limited space for such 
activity, and restrictions will only give a few 
chosen businesses space there. In the village, 
many programs will overlap, which means 
you would need much less space to do the 
same activities. 

The Jiè group investigated the number of 
services that can be found in the village 
and in the high rise area close by (Jiè 2015). 
They calculated about 130 services for 21 
000 people around the high rise areas, 
while in the village they found more than 
470 services for 16 000 people. Even if the 
high rise buildings use less space for more 
people, they do not calculate the area the 
services may occupy, nor the infrastructure 
needed to get there.
 
Because the high rise apartment buildings 
lack the complexity of the village, many 
activities and services found nearby in the 
village is further away from the village. The 
typology does not offer any space for jobs 
either, which means travel distances and 
parking needs is increased. Longer distances 
creates a big need for more infrastructure. 
In fact, if one compares the Real Area Ratio 
(Built area divided by plot size and all area 
needed for daily activities), the high rise 
would lose to our upgraded version of the 
village. 

In addition, people would spend much 
more time commuting, which we have seen 
is not good for the health. The structure 
of the village also has another benefit that 
is not so obvious. History has proven that 
if you build for a too specific purpose, the 
ability to withstand changes in the way it is 
used, is very poor. A high rise apartment is 
very specifically designed for the purpose 

of dwelling. The courtyard structure has a 
much more flexible design and can be used 
for many different purposes, all at the same 
time, and its use may change over time. It 
has potential for a much wider range of 
activities than apartments-only buildings 
will ever have. 

When the big superblocks were designed it 
was claimed that they would be pedestrian 
friendly because they are shaped as ‘towers 
in a park’. The reality is that around the 
blocks, big roads lie as barriers that makes 
it hard and unpleasant for people to cross. 
To reach the nearest block, a person would 
have to walk several hundred meters and 
then cross an 80 meter wide road. The big 
roads around the superblock also require 
setbacks up to 50 meters and the buildings 
have no connection to the street. 

With a courtyard typology, the facades 
continuously follow the street, and the 
house and the street are well connected. 
Instead of public space and public street 
design like in the village, authorities use 
resources on big roads where the only 
goal is to have a better traffic flow (World 
Bank 2014; 142). No other activity than 
transportation is to take place in the street.  

When visiting the village streets we saw 
children play, people selling things, people 
sitting  and chatting and people playing 
Majhong. With smaller plots, there are 
more intersections per square kilometre. 
‘’International best practice shows that 
finer grain street network optimizes traffic 
flows while creating more direct routes 
and and maximizing pedestrian mobility’’ 
(World Bank 2014; 145). Public space is 
continuous without the barriers of the very 
big roads, and there is connectivity between 
neighbourhoods. 
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A we have seen there are many advantages 
to dividing the city into smaller plots with 
many owners, rather than superblocks 
with one owner. In a report by the World 
Bank Development Research Center about 
sustainable urbanization in China, the 
authors argue: ’’Subdivision of land leases 
and market open to smaller-scale investors 
are key for incremental densification. Land 
leases should be subdivided into smaller 
plots, and financial mechanisms should be 
created, to foster the coexistence of a few 
large projects with large scale finance, a 
medium number of medium-scale projects 
and a myriad of micro projects financed by 
small and private local initiatives’’ (World 
Bank 2014; 145). But how can we preserve this 
fine grain urban fabric?  

The answer may be to inform the villagers 
about the very real possibility to transform 
their village themselves. The compensation 
they get from the government is in many 
cases only 15 % of the market value (World 
Bank 2014; 27). As Group 2 shows us, they 
really have the key in their own hands. 
If they are willing to invest in their own 
village instead of receiving relatively small 
compensations, they will have much more 
benefits and profits over time. 

Keeping the owner structure will not only 
be beneficial for the owners but also for the 
city as a whole. The high rise as a symbol 
of status and modernity should be changed 
and people should move back into courtyard 
houses. We believe the government would 
change their mind about the development of 
the city, if they had a choice and knew that 
our courtyard prototype has a better RAR 
than the high rise. The problem seems to 
be the big need for quick income that the 
government has, and therefore high rise 
buildings are still being built.
  

42



Looking forward

City expansion in Xi’an 
Xi’an is among the big Chinese cities and 
have experienced an enormous expansion 
in recent decades. We got a study from the 
Chinese students that shows the urban area 
expansion in the metropolitan part of Xi’an 
(See figures X1-X4). 

From being an area of 80 square 
kilometres in 2000, it has expanded to 
incomprehensibly 340 square kilometres 
in 2015, all in the span of 15 years. Another 
study focuses on total built-up area in the 
core county of Xi’an, and shows that it grew 
from 290 km2  to 440 km2 between 2000 and 
2009 (Schneider A., et. al. 2015). That is an 
increase of about 35 %. 

At the same time the population grew from 
3 million to 4,5 million. That is a growth 
of about 32 %. We can see that the amount 
of built-up land has grown more than the 
increase in population. This shows that the 
built-up land density in Xi’an is declining 
and has fallen by about 3,6 % in those 9 
years. It was at 13750 persons/km2 in 2009. 
If we look at the numbers for square metres 
per person, we find that it is 73 m2 in 2009. 

We made an estimate of the following 
development, both the population growth 
and the built-up land. The growth was based 
on a method we also used to predict the 
total population growth in Xi’an. We will 
come back to this later. The result shows 
that the growth will decrease. Some reports 
suggest China will reach its maximum 
urbanization level in 2030 (World Bank 2014; 
352). 

It is true that a part of the area growth is 
built for industrial purposes. 
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 About 26 % of the built area in Chinese 
cities is industrial land (World Bank 2014; 
29). We assume this percentage has not 
changed in recent years. The remaining area 
includes all other types of areas like housing, 
infrastructure, public parks and squares, 
offices, warehouses, shopping malls etc. 

We made an estimate for 2015, which is now, 
and then the development every year until 
2030. If the development continues at the 
same rate, density will be at 13500 persons/
km2 in 2015 and will decrease to 13460 
persons/km2 in 2030. Each person would 
need 74 m2 and 75m2 in 2015 and 2030 
respectively. 

Our results from the RAR-calculations 
show that each person need a total area of 
21,5 m2 as an inhabitant in the high rise 
building. About a fourth of the total built 
area, excluding industry. But a person in 
the village only need 12,9m2. And here 
our prototype comes in! If we assume that 
all of the remaining villages double their 
population, they would be able to house 
half of the new people moving to Xi’an (See 
calculation under population growth). 

If this happens, and the government allow 
our prototype to be built instead of the 
high rise buildings from now until 2030, we 
would see the density increasing. It would 
be 13880 persons/km2, a level higher than in 
2009. Each person would also only need 72 
m2. This is if we look at the city of Xi’an as a 
whole.  

Looking exclusively at the new built-up area 
between 2015 and 2030, if the development 
continues as it does today, the density of this 
new area would be 12500 persons/km2, and 
each person would need 80 m2. But if we 
instead start building our prototype today, 
and assume all the villages would double 

their population, the new built-up area 
would be built at a density of 15500 persons/
km2. Each person in these new areas would 
only need 65 m2. We believe this is a much 
more sustainable development, because it 
shows the overall density of Xi’an would 
increase rather than decline. And we have 
only considered the area of housing and 
infrastructure. We also believe that with 
smaller plot sizes and a fine grain city 
structure, the need for big shopping malls 
would also become smaller and a lot of 
waste area would not be created. 

Density today 
We also see how the density structure of 
Xi’an is today. In the central area it is mostly 
high density, and towards the north and 
the west. But a lot of the development in 
the outskirts is built at low-density. In the 
south and east parts of Xi’an we can see 
big areas with low density. It is therefore 
a big potential in improving the density 
many places in the city before continuing 
the expansion. The map is from the Tokyo 
Institute of Technology (IDE Tokyo Institute 
of Technology 2009). 

Our prototype would contribute to this. 
Looking at the actual density of Xi’an, 
including all area, only at the central 
districts we find a density of 5450 persons/
km2. That includes Weyiang, Lianhu, 
Xincheng, Beilin, Baquiao and Yanta 
districts and has a total area of 830 km2. It is 
very interesting to see that during the Tang 
dynasty (between 618 and 907 A.D.) had a 
density of about 11700 persons/km2 in an 
area of 60 km2. 

That was with a traditional courtyard 
structure. ‘’The classic Chinese city is 
subdivided into nested structures in 
iteration down to the level of the courtyard 
in the siheyuan, the traditional Chinese 
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Density today in Xi’an

Urban villages in Xi’an, existing and demolished
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house built around a square court’’ (Salat 
et. Al., 2011: 92). That is another aspect of 
the consequences of urbanization in China 
today, all the history that will get lost. The 
old courtyard structure replaced by a high 
rise that could have been from anywhere in 
the world.  

Possible density in Hou Wei Zhai  
The village has an area of 800 000 square 
meters, if we only consider the part where 
the courtyard houses are found. How many 
people could we fit in on that area using 
the high rise typology? And how many 
could live there if we optimize the village 
according to our prototype? We could make 
a hypothetical experiment to see if the 
difference in number of people really is that 
big.  

A.) High rise buildings  
The high rise can achieve a very high 
density because it reaches so high. But the 
coverage area of the vertical towers is usually 
on only 15 % of the total plot. If we multiply 
this ratio with the total plot area, we get 
the total ground floor of the high rises. We 
can then multiply the ground floor with the 

average number of floors to get the total 
built area. (26,5 is the average based on 10 
case studies). Then we can divide this by the 
average number of square metres built area 
per person in Xi’an, which is 33,4 (Xi’an 
statistical yearbook 2014). We would then get 
a total number of 95 000 people.  

B.) Village  
The village can also achieve a very high 
density, if the area is optimized. We found 
that the coverage area is about 65 % of the 
total plot. The average number of floors is 
3 in our prototype. When we have the total 
built area, we can divide this by 20, which 
is the average number of square metres 
per person in our prototype. We would get 
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a number of about 47 000, half of the high 
rise.   

Even if the number of people in high rise 
is bigger, we believe that the typology of 
the village would be better for the city as a 
whole, and more area efficient, because of 
the overlap of programs.    

Food Security 
The conversion of agricultural land to built-
up area could also have consequences for 
the food security of the Chinese people. The 
total area for Chinese agricultural land, is 
currently close to 1,8 million mu (mu is a 
Chinese unit and equals 666,7 m2). This is 
the security line, which means the Chinese 
have self-sufficient food resources. 

If the rate of converted land continues, 
China would have to start importation 
of food in the next decade. And again, 
this would create a lot of need for 
transportation of food and have impacts 
on the environment Water resources are 
also in danger and many rivers are polluted 
and many cities do not have enough water 
(World Bank 2014; 27). In Xi’an we can see 
that the proportion of built-up land to 
agricultural land has gone from 1:4 to 1:1 in 
just two decades (Figure below. Source: Xian 

statistical yearbook 2014). 

The potential of our prototype 
The population in Xi’an was 8,47 million 
in 2010 (Wikipedia). We estimated the 
population growth from 2010 until 2030, 
where China will have reached its full 
urbanization level (World Bank 2014; 352). 
We started by calculating the growth until 
2015, based on the average growth rate from 
1995-2013 (Xi’an statistical yearbook) that 
was 1,2 %. 

We then looked at an estimate of the total 
growth of China in the future (Globalis.
no) and how the growth will decline over 
time. To consider this also in the estimate 
for Xi’an, we looked at how much each 
percentage have changed, for intervals of 
5 years and then made a prediction about 
the total population growth (See excel 
document). The population in Xi’an will be 
about 9,62 million in 2030.  

The population will grow faster in the urban 
area than in the provincial city as a whole. 
So we made also a new estimate to calculate 
the growth in the core county, because that 
is the area we used to compare the impact 
of the prototype. We used the same method 
here and the population grew from 5,6 

47



million in 2015 to 6,9 in 2030. 

It shows that the total population in urban 
core in Xi’an will grow by far more people 
than the total population in Xi’an, which 
proves that many rural residents will 
become city dwellers in this time span. A 
total of 1,3 million people will then need a 
place to live in central Xi’an. 

We see on the map all the villages that have 
been demolished. We also see remaining 
villages, and among them is Hou Wei Zhai. 
In total there are 85 villages left. In China 
we visited 2 different villages. 

In Hou Wei Zhai there were 16 000 people, 
but we consider this to be well above the 
average because of its size. Both the Small 
Wild Goose Pagoda village and another 
village nearby, Xia Jia Zhuang, has a 
population of 7000 people. We consider this 
as the average, which might be too low but 
at least a very safe estimate. We then get a 
total of 600 000 people. 

If our Prototype is applied to its full 
potential, we would be able to provide 
homes for at least another 600 000 people, 
about half of the growth in the urban core 
until 2030, when the city will have reached 
its maximum urbanization level. Like we 
said, this is definitely an understatement. 

We think our prototype should be a 
model for development of villages in all of 
Xi’an and that would be a very important 
contribution to the development of the city.
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