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1. Introduction 

China has been experiencing the world's greatest and most rapid process of urbanization, 
leading to both the urban population and the building area have been increasing greatly, and 
the proportion of urban building energy consumption to the gross has been growing 
consistently as well. As a consequence, this results in the ascending trend of CO2 emission, 
and makes the construction of cooler city (i.e. low-carbon city) become more arduous. For  
people in cold region have to experience a long heating period during winter to overcome the 
cold weather which causes a heavy heating demand for buildings, with heating energy 
consumption in China northern cities accounted for 24.1% of the total energy consumption of 
buildings in 2010 (Zhang Y. 2012), while in Europe, the proportion of heating related energy 
utilized in residential buildings was approximately 70% of the whole (WBCSD, 2009). And it 
is natural to believe that the energy consumption must be greater for the severe cold regions 
with much higher latitudes. Therefore, more challenges of building energy-saving are faced 
by severe cold region cities.  

Cities are the main positions to cope with global climate change (Lindseth, G. 2004). Its form 
or morphology plays an important role in reducing urban energy consumption (Chen et 
al.2011; Urquizo, J. et al. 2017), including transportation energy consumption, infrastructure 
energy consumption and so on (Grazi F et al. 2008), but also daily life living energy 
consumption, with building energy consumption as one big part (Ishii, S et al. 2010). In order 
to slow down the fast-growing consumption of energy from buildings, it is especially 
necessary to figure out the mechanism about how urban morphology impacts building energy 
consumption performance and then propose energy-saving oriented planning strategies in 
the process of urban planning. As the initial step to come up with related strategies, studying 
the relationship between urban morphology and building energy consumption should be 
carried out urgently in the discipline of urban planning. 

Recent studies have shown that the variation of urban morphology (urban form; spatial 
configuration of cities) could affect building energy consumption directly or indirectly. 
Examples are: Ratti, et al. (Ratti, et al. 2005) demonstrated that the variance in building 
energy consumption on urban geometry was a considerable value; research of Wilson B. 
(Wilson B. 2013) revealed that density and adjacent structures mattered for residential 
electricity use at the subdivision level; Rode P. et al. (Rode P. et al. 2014) testified that 
denser and taller building type could contribute to a higher heat-energy efficiency at the 
neighborhood scale. In terms of indirect impact, Wong N. H. et al. (Wong N. H. et al. 2011) 
identified that air temperature varied because of different urban morphology which could lead 
to the building energy consumption variation in Singapore. Similarly, Zhou Y, et al. (Zhou Y, 
et al. 2017) also proved that the surrounding green space ratio, building density, floor area 
ratio affected the energy consumption of the building by impacting the intensity and 
frequency of heat island. 

The approaches about the urban morphology factors affecting the building energy 
consumption has become relatively mature. According to the purpose of research and the 
situation of data collection, and the existing literature involves different (sometimes linked) 
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approaches including the statistical analysis methods based on historical data (Wilson B. 
2013; Tso, G. K. F. at el. 2014; Steadman, P. at el. 2014; Tian, W. at el. 2016) and the 
numerical simulation methods (Ratti, et al. 2005; Rode P. et al. 2014; Palme, M. et al. 2017; 
Zhou Y, et al. 2017). However, there are less research about the relationship between urban 
morphology and building heating energy consumption in winter, especially study referring to 
heating consumption in severe cold region. And the high resolution or district-based 
quantitative investigation has been less sufficient as well.  

Therefore, the aim of this work is to quantitatively analyze the impact of urban morphology on 
building heating energy consumption in severe cold region cities, and help put forward 
corresponding suggestions in carrying out energy efficiently-consuming oriented urban 
planning.  

This paper selects the winter heating energy consumption of sixty-nine sample office 
buildings in severe cold region City Harbin, China to carry out the research. It starts with 
proposing the significance of digging out the impact of the urban morphology on building 
heating energy consumption of winter cold cities in the first section. The second section 
explains the study area, spatial scale and the methodological approach. In the third section, 
we present the results in two subsections: results on data statistical analysis of the 
correlation between building heating energy consumption and six urban morphology indexes, 
and further analysis on how the urban morphology influences the energy consumption. The 
forth section is dedicated to the final conclusion and putting forward the possible urban 
morphological planning strategies for mitigating the heating energy consumption and even 
gross energy consumption of buildings for cities in severe cold region.  
 
2. Data and Methodology 
2.1  Study area and spatial scale 
 

 
           Figure 1: Two Categories of Urban Morphology in Harbin                   

 

           
  Figure 2: Study Area in Harbin                                        Figure 3: Spatial Scale of Study 

 

2.1.1 Study area: climate and urban morphology characteristics of Harbin 
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In China, the severe cold region mainly refers to the area where the average temperature of 

the cold month is less than -10℃, and the average daily temperature is less than 5 ℃ for 

more than 145 days (GB 50178-93,1993). Harbin is one of the most representative cities in 
this region with a total 180-day heating period. In terms of morphology, Harbin can be divided 
into two categories: high construction intensity areas generally with medium and high rise 
buildings located in three business districts, and low construction intensity areas mainly with 
3 to 6-storey buildings located around the three business districts (Figure 1 & 2). This 
indicates that the urban spatial construction intensity decreases from three commercial or 
business centers to the periphery of the city. Therefore, in order to ensure the diversity of 
urban spatial morphology, and according to the geographical location distribution of buildings 
as well as we can obtain energy consumption data, this study selects the built-up area within 
the Second Ring Road of Harbin as the study area (Figure 2). 

2.1.2 Study spatial scale  

For each individual building, this study defines the block where a building located in, and its 
surrounding blocks as the study spatial scale or scope of investigation (Figure 3) to calculate 
the urban morphology indexes. Usually, the scale of an urban block in Harbin is from 15000 
square meters to 60000 square meters  with the corresponding length from 80 meters to 300 
meters. Choosing this spatial scale is mainly because urban morphology can indirectly affect 
building energy consumption by influencing daylighting, microclimate, users’ behaviors and 
other ways, whereas only one block is not enough to influence microclimatic environment 
and users behaviors. Therefore, this study is supposed to be placed in a larger spatial 
context within city. Another reason is that urban block, as the basic unit of the city texture, 
forms a connecting link between the preceding planning conditions of urban planning or 
zoning to achieve the goals of planning and the following stage of urban design or 
architecture design to guide the construction, which lead to better implementability and 
practical significance for regulating the urban morphology.  
 
2.2  Data set 

2.2.1 Data of building energy consumption 

The energy consumption of office buildings in severe cold regions mainly includes heating, 
air conditioning, lighting, office equipment and so on. According to the characteristics and 
statistical system of building energy in Harbin, the energy consumption of office buildings in 
Harbin is divided into two categories: building heating energy consumption (heating and hot 
water) and building electricity consumption (air conditioning system electricity, lighting power, 
office equipment, elevator electricity, other spare power). In this study, we only concentrate 
on the heating energy consumption which produces the greatest demand in buildings of 
severe cold region. 

69 sample office buildings are selected in this paper as the study objects. In order to ensure 
that these energy data can reflect the spatial heterogeneity of urban morphology effectively, 
these buildings we choose are relatively evenly distributed in various positions of Harbin, 
from downtown to peripheral area, where the characteristics of urban morphology around 
them are different from each other. The winter heating energy consumption data used in this 
study comes from 2016-2017 Energy Saving Supervision Platform for Office Buildings and 
Large Public Buildings of Heilongjiang Province and 2016 Statistical Data of Building Energy 
Consumption from Harbin Statistical Bureau. 

2.1.1 Data of urban morphology 

“The urban morphology refers to the spatial configuration of urban land use within an urban 
area.”(Urquizo, J. et al. 2018) And previous study (Ewing, R. et al. 2008) had shown three  
ways through which urban morphology have effects on buildings, with electric transmission 
and distribution losses as a direct way, and features of housing stocks, local temperature as 
two indirect ways. This study concentrates on the indirect ways which are more related to 
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urban planning. Six indexes of urban morphology are calculated to evaluate the impacts on 
building energy consumption, which are surrounding Building Site Cover (BSC), Floor Area 
Ratio (FAR), Building Height (BH), Road Network Density (RND), Road Height-width Ratio 
(RHR) and Open Space Ratio (OSR) according previous studies (Wong N. H. et al. 2011; 
Rode P. et al. 2014; Zhou Y, et al. 2017). 

In this paper, the building data including geographical location, bottom contour of building, 
building storey, building function, and green space data of Harbin city in GAD map are 
obtained by Parametric Language Python to establish the urban morphology model in 
ArcGIS software. based on this model, the urban morphology of each building is calculated 
quantitatively according to the definition and calculation formula of each index (Table 1). 

 
Table 1: Definition and calculation formula of urban morphology indexes                   

 Definition Calculation formula Diagram of indexes 

Building Site 
Cover (BSC) 

The ratio of built ground to that of 
the sample district area. 

BSC=footprint area/sample 
district area 

 
Floor Area 
Ratio (FAR) 

The ratio of the sum of the areas 
of all building floors to that of the 
sample district  area 

FAR=gross floor area/sample 
district area 

 
Building 
Height (BH) 

The average height of buildings 
within the sample district area 

BH=[∑(footprint area×
height)]/gross footprint area 

 
Road 
Network 
Density  
(RND) 
 

In a certain sample district, the 
ratio of the sum of the length of 
road network to the sample 
district area. 

RND=gross length of 
road/sample district area 

 

Road Height-
width Ratio 
(RHR) 

The average ratio of the height of 
the building on both sides of the 
road to the width of the road 

RHR=[∑length of road (height 

of road/width of road)]/gross  
length of road 

 
Open Space 
Ratio (OSR) 

the ratio between the open space 
area and the gross floor area 

OSR=gross green space 
area/sample district area 

 
Note: the first two diagrams of indexes referred from literature (Wei, R. at el. 2016) 

 
2.3  Methods 

First, the basic energy consumption of each building is calculated by OpenStutio software. 
On this basis, the measured building energy consumption is split into basic energy 
consumption (BEC) and external influence energy consumption (EIEC). Finally, the 
correlation analysis is carried out to analyze the correlation between building heating energy 
consumption and six urban morphological indexes, and multiple linear regression analysis is 
applied to identify the key factors of urban morphology affecting the performance of building 
energy consumption.  

2.3.1 Step1: Calculating the basic building energy consumption 

The measured energy consumption of a building in a city can be divided into two parts: basic 
energy consumption (BEC) which is dominated by the physical characteristics of a building 
and external influence energy consumption (EIEC) affected by the surrounding environment 
(Hong L. et al. 2015). In order to eliminate the influence from building physical features, such 
as shape factor, window to wall ratio and heat transfer coefficient of building envelope, on the 
total energy consumption, the EIEC should be used in the following statistical analysis of 
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urban morphology and building energy consumption to increase the accuracy and rationality 
of the analysis results. For this reason, calculating the BEC of building shall be the initial step. 

In this study, we choose the way of simulation to calculate the BEC of buildings. OpenStudio 
software, as a visual user interface of EnergyPlus which is an international commonly-used 
building energy simulation software (What is OpenStudio. 2015), is selected to conduct the 
BEC simulation.  

2.3.2 Step2: Calculating the external influence building energy consumption 

For measurement on building energy consumption level, most studies adopt the calculation 
method of energy use intensity (EUI) (Kavgic, M. et al. 2010; Howard, B. et al. 2012). EUI 
refers to the annual energy consumption per unit area of a building, usually expressed in 
units kWh·m-2·a-1, that is, EUI= Energy consumption per year / building area (Hong L. et al. 
2015), hence this paper use EUI to represent the efficiency of building energy consumption. 
On the basis of the total annual energy consumption data and the basic building energy 
consumption calculated by step 1, the external influence EUI of each building can be 
obtained according to the formula EUIEIEC=EUIEUIBEC. it is followed by locating the data of 
building energy consumption in the urban spatial model based on geographic information 
system and visualizing the distribution of building energy consumption with ArcGIS, and the 
spatial distribution of building energy consumption can be grasped in general, and the 
relationship between building energy consumption and urban morphology can be 
preliminarily understood. 

2.3.3 Step3:Correlation analysis 

In this study, statistical analysis is used as an analytical methods, including correlation 
analysis and multiple linear regression analysis. Before proceeding regression analysis, it is 
necessary to conduct correlation analysis between dependent variable and independent 
variables, so as to have a general understanding of their influence relationships. 

Correlation analysis is a tool measuring the strength of statistical relationship between 
objects, which aims at measuring the degree of linear correlation between variables (Sun, Y. 
2007). In other words, the task of correlation analysis is to give a quantitative description of 
the correlation. Correlation coefficient “r” is a value used to describe the degree and direction 
of linear relationship. If the variable y and x are functional relations, then r=1 or r=-1; if the 
variable y and x are statistical relations, then -1 < r <1; if x, y has the same trend, then it is 
called the positive correlation; if the trend of x and y is opposite, then it is called negative 
correlation. In general, |r|≥0.95, 0.8≤|r|<0.95, 0.5≤|r|<0.8, 0.3≤|r|<0.5 |r|<0.3 mean 
significantly correlated, highly correlated, moderate correlation, low correlation, very weak 
correlation, respectively,. The correlation analysis results between urban morphology 
variables and building heating EUI are obtained by Pearson correlation coefficient in data 
analysis software SPSS Statistics 22.0 (hereinafter referred to as SPSS). 

2.3.4 Step4: Multiple linear regression analysis  

The relationship between building energy consumption and urban morphology indexes 
obtained by correlation analysis is only qualitative, so it is necessary to further analyze the 
quantitative relationship between the two with regression analysis. 

Regression analysis is a commonly used analytical method in statistical analysis. The case 
of one independent variable is called simple linear regression. For more than one 
independent variable, the process is called multiple linear regression (David A. Freedman 
2009). Multiple linear regression attempts to model the relationship between independent 
variables and a dependent variable by fitting a linear equation to observed data. Every value 
of the independent variable x is associated with a value of the dependent variable y. This 
means scholars can analyze the effect of an independent variable on building energy 
consumption when controlling other independent variables. Therefore, with SPSS, multiple 
linear regression analysis is used to explain the impact of urban morphology on Harbin office 
building energy consumption of heating. 
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3. Results and  Analysis 
3.1 Data Results  

3.3.1 Simulation results of building basic energy consumption  

According to the architectural form, the office buildings in Harbin can be divided into two 
categories--slab-type building and point-type building, and we abstract relevant parameters 
(Table 2) of these two kind of building type respectively on the basis of the sixty-nine sample 
buildings to set up models in the energy analysis software. Outdoor weather data are derived 
from the Chinese Standard Weather Data (CSWD). Winter heating period is set from October 
to April next year. Heating parameters are set as shown in Table 3, and other related 
parameters are designed based on appendix B data in the "Design Standard for Energy 
Efficiency of Public Buildings (GB50189)" (PGB50189. 2015). 

Table 2: Relevant parameters of slab-type building and point-type building used in simulation 
Item Slab-type  Point-type  Item Slab-type  Point-type  

Model diagram 
in OpenStudio 

 
 

Height of floor 3 m 3.5 m 
Glazing ratio 0.249 0.294 

Shape coefficient 0.1546 0.1558 

Footprint area 2280 m2 784 m2 Heat 
transfer 
coefficient 

Roofing 0.35 W/(m2·K) 0.35 W/(m2·K) 
Gross floor area 20520 m2 17248 m2 Wall 0.45 W/(m2·K) 0.45 W/(m2·K) 
Number of floor 9 22 Window 3.1W/(m2·K) 2.5W/(m2·K) 

Table 3: Heating parameters set in OpenStutio 
 Office Lobby  Meeting Room Corridor Toilet Lift 

Heating set point(oC) 20 18 18 16 16 16 
Density of 
occupation/(m2/person) 

12 3 3 50 50 50 

Air change time(times/h) 0.5 0.5 0.5 0.5 0.5 0.5 
Sensible 
heat 
gain(W/m2) 

Lighting 10 15 15 5 5 5 

Equipment 15 5 5 0 1 0 

Table 4: Actual energy use intensity and simulation results  
(Kwh/m2/a) EUI EUI-H EUI-HBEC EUI-HEIEC 

Slab-type 217.52 165.03 146.09 18.94 
Point-type 214.19 166.30 186.63 -20.33 

 

Based on the above parameters, this study run simulation in OpenStutio2.5.0 to get the basic 
average heating energy consumption intensity (EUI-HBEC) of the two types of buildings 
respectively. As shown by the simulation results in Table 4, although the actual average 
heating energy consumption intensity (EUI-H) of the two is extremely close, the average EUI-
HBEC of slab-type building is much less than that of point-type building. Consequently, the 
calculated external influence heating energy use intensity (EUI-HEIEC) of slab-type building 
shows a positive value of 18.94, while that of the point-type building is a negative value of -
20.33. This indicates that the external space context, where the building located in, has 
reduced the heating energy consumption for most of the point-type buildings, whereas that of 
a majority of slab-type buildings has been raised by their surrounding environment. 

3.3.2 Distribution results of external influence building energy consumption 

Based on the simulation results of EUI-HBEC, we calculate the EUI-HEIEC of the sixty-nine 
sample buildings by deducting the EUI-HBEC from EUI-H according to whether they are slab-
type or point-type. Then, the actual gross energy consumption intensity (EUI), actual heating 
energy consumption intensity (EUI-H), and calculated EUI-HEIEC data are placed in the 
corresponding sample office buildings of the urban model established in ArcGIS10.0. Further 
by using the Inverse distance weighted (IDW) tool in Spatial Analyst tool of ArcGIS, the three 
kinds of building energy consumption are interpolated to preliminarily estimate if there is any 
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regularity for the spatial distribution of annual office building energy consumption in the study 
area. The results are shown in Figure 4.  

As one would expect the three kinds of consumption located in the city did show different 
regularities. In terms of actual heating energy consumption, major parts with high EUI-H are 
located primarily in the north-eastern and south-eastern margin near the Second Ring Road 
of Harbin, and the areas consuming less heating energy are located in the central business 
districts which are made up with compact and tall buildings. Meanwhile, the external 
influence heating energy use intensity (EUI-HEIEC) presents a more remarkable pattern 
compared with the distribution of EUI-H, with the largest concentration of building EUI-HEIEC 

distributing mainly in the northern fringe and partly in the southern side of the city, while the 
lower EUI-HEIEC locates around the midtown that consist primarily of tall buildings.  

In order to conduct the comparation on the distribution of building gross energy consumption, 
we also visualizes the gross annual EUI distribution in ArcGIS. Interestingly, contrary to 
expectation that the highest EUI should be located in the business center of the city, it shows 
a similar pattern with heating energy consumption. This distribution regularity can be 
explained by the dominant position of heating energy consumption in the gross energy 
consumption, because the EUI-H (152.74 Kwh/m2/a in average) is significantly larger than 
EUI-E (27.90 Kwh/m2/a on average) for office buildings in Harbin. This distribution results 
imply that it do exist a certain rule of heating energy consumption distribution in different 
urban construction intensity of different geographical locations. 

 
（a）EUI                                 （b）EUI-H                                      （c）EUI-HEIEC 

Figure 4: Spatial distribution of office building energy consumption 

  
Table 5: Results of correlation analysis 

Variables EUI-HEIEC Sample size(N) Mean Standard 
deviation Cor. Sig. 

EUI-HEIEC 1 -- 66 -9.87 36.96 
BSC -0.401 0.003 66 0.36 0.09 
FAR -0.518  0.000 66 2.30 0.82 
BH -0.613 0.003 66 23.10 5.30 
RND -0.521 0.202 66 0.022 0.0046 
RHR -0.552 0.000 66 0.85 0.17 
OSR 0.456 0.000 66 0.64 0.09 
Notes: Cor. refers to Pearson correlation; Sig. refers to significance. 
When the significance is less than 0.05, the result of correlation analysis is significant. 

3.3.3 Data results of correlation analysis  

In order to have a general understanding between the urban morphology and the building 
energy consumption, this study takes the six calculated urban morphological indexes—
Building Site Cover (BSC), Floor Area Ratio (FAR), Building Height (BH), Road Network 
Density (RND), Road Height-width Ratio (RHR) and Open Space Ratio (OSR),and external 
influence heating energy use intensity (EUI-HEIEC) severally to produce the correlation 
analysis. After removing the three particular value points, the results of the correlation 
analysis are presented in Table 5. 

According to the correlation analysis, it can be seen that the external influence Heating 
Energy Use Intensity (EUI-HEIEC) has significant correlation with the respective independent 
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variables except Road Network Density (RND). Among these significant independent 
variables, there is a significant negative correlation with Building Site Cover (BSC), Floor 
Area Ratio (FAR), Building Height (BH) and Road Height-width Ratio (RHR) indicating that 
these four variables have a inhibitory effect on EUI-HEIEC, whereas a significant positive 
correlation with the Open Space Ratio (OSR) suggesting that GSR plays a positive role in 
promoting the value of EUI-HEIEC. BH and RHR are demonstrated with the relative higher 
correlation with |r| being at 0.613 and 0.552 respectively, and Building Site Cover (BSC) 
shows a lowest correlation (|r|=0.401) with EUI-HEIEC.  

3.3.4 Data results of multiple linear regression analysis 

The results obtained by regression analysis which constitute both significant and non-
significant independent variables are unreliable. Therefore, according to the results of 
correlation analysis, this study removes non-significant correlation variables. Then the 
significant correlated urban morphological variables are retained as independent variables, 
and EUI-HEIEC are regarded as dependent variables for proceeding multiple regression 
analysis in SPSS software. In order to eliminate the influence of collinearity variables, the 
regression method are selected as stepwise regression, and the final regression equation is 
as follows: 

EUI- HEIEC =-11.785FAR-3.464BH+122.678GSR+81.203                        

The values of multiple correlation coefficient R is 0.780, indicating that the urban 
morphological variables are satisfactorily and linearly related to the dependent variable EUI- 
HEIEC. For the determination coefficient R Square (R2), it can be known from the statistics that 
the closer its value is to 1, the better the fitting degree of the model is to the data, so the 
relatively high fitting degree of the equation suggests that the interpretation of regression 
equation for EUI-HEIEC is quite credible. The result can be used as a strong reference for 
studying the relationship between building heating energy consumption and urban 
morphology in severe cold regions. At the same time, the regression analysis result also 
outputs the Standardized Coefficients (Table 6) by which the effect of urban morphological 
variables, with different magnitude and units, on the dependent variables can be compared. 
 

Table 6: Results of Standardized Coefficients 
Dependent variables R R square(R2) Standardized Coefficients 

BSC FAR BH RND RHR OSR 

EUI-HEIEC 0.780 0.608 -- -0.263 -0.497 -- -- 0.247 

Based on the above multiple linear regression result, we can find:  

(a) Because of the non-significant influence of Road Network Density (RND) on EUI-HEIEC 
and the co-linear relationship with other variables of Building Site Cover (BSC) and Road 
Height-width Ratio (RHR), these three variables do not appear in the equation.  

(b) It can be drawn from the R square that the surrounding urban morphology do produce 
impact on heating energy consumption of office building in the severe cold regions.  

(c) Among the three urban morphological variables, floor area ratio (FAR) and building height 
(BH) present a negative influence on the annual external influence heating energy use 
intensity (EUI-HEIEC)  of the office buildings, which means the higher the average floor area 
ratio and building height of a district are, the lower the EUI-HEIEC of the building will be, which 
will be more conducive to improving building energy efficiency. Specifically, if the floor area 
ratio (FAR) ascended by one, the total annual EUI-HEIEC of the office building would be 
slumped by 11.785 Kwh/m2/a; if the average building height of a district increased by one 
meter per year, the total annual EUI-HEIEC of building would be reduced by 3.464 Kwh/m2/a. 

(d) The correlation between Open Space Ratio (OSR) and EUI-HEIEC is positive. That is, the 
greater the OSR of the district is, the higher the heating energy consumption for office 
buildings would be, and less beneficial to improving heat-energy efficiencies. According to 
the regression equation, the EUI-HEIEC will experience a 1.2267 Kwh/m2/a increase for every 
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one percentage point grow in OSR, which means the annual heating energy consumption 
intensity (EUI-H) will have a 1.2267 Kwh/m2/a rise as well. 

(e) Due to the absolute value of standardized coefficients, it can be known that the building 
height (BH) contributes the greatest impact to the heating energy consumption of office 
building (0.497) among the three urban morphological variables; next is floor area ratio (FAR) 
with 0.263; followed by open space ratio (OSR) at 0.247. 
, 
3.2  Analysis on the relationship between urban morphology and building energy 

consumption 

Data results from statistical analysis displays that the different kinds of urban morphological 
indexes lead to distinctively different heat-energy demands of office buildings in severe cold 
region cities. However, the mechanism of urban spatial configuration affecting heating 
energy efficiency behind these data needs to be explored, so as to put forward effective 
planning suggestions at the fundamental level--urban design. 

3.2.1 Building Site Cover, Floor Area Ratio and Building Height 

Building site cover, floor area ratio and building height are three main indexes used to 
describe urban spatial intensity. Usually, a higher spatial intensity district combines a higher 
floor area ratio with a more compact building density and taller building height, and a lower 
spatial intensity area is characterized as lower floor area ratio with sparse building density 
and low-rise buildings. Our urban district morphology samples where the selected buildings 
seat in also confirms this factual regularity. 

According to the data results, BSC, FAR and BH have negative correlation with building 
heating energy consumption. In other words, the higher the spatial intensity of construction, 
the more conducive to promoting the performance of building heat-energy efficiency. 
Moreover, the impacts from FAR and BH on building energy efficiency are proved more 
obvious. 

From the perspective of urban climate, it can be argued that high intensity urban districts 
(usually city center) alter their thermal environment in the form of lifting temperatures relative 
to outskirts (usually the peripheral areas). Our previous study (Hong L. at el. 2018) on “the 
relationship between urban morphology and urban thermal environment in Harbin” also 
confirms this view. The study proves that the average district temperature grows up relatively 
significantly with the increase of floor area ratio and building height in winter, but the building 
site cover (building density) has little effect on the improvement of the surrounding thermal 
environment. At the same time, high intensity urban construction slows down the ventilation 
efficiency in district which contributes to less heat loss of building.  

From the point of view of equipment use, high construction intensity areas in Harbin are the 
commercial and financial centers in where high intensity economic activities and work 
happen consistently. This causes more users, electrical equipment and lighting to release a 
more heat which leads to less heat-energy consumption. The above analysis also explains 
why the office buildings in the downtown of Harbin show better heat-energy efficiency in the 
results of EUI-H and EUI-HEIEC distribution. 

3.2.2. Road Network Density and Road Height-width Ratio 

As urban ventilation corridors, roads play an important role in microclimate and thereby affect 
the energy consumption of buildings. Road network density (RND) and road height-width 
ratio (RHR) are important indicators for measuring road compactness and three-dimensional 
road morphology.  

Looking at Road Network Density , statistical analysis shows that road network density (RND) 
has little effect on building heating energy consumption. The possible reason, as the 
definition of road density shows, is that it is mainly used to reflect the number of roads, and 
only the length information of the road network is counted, but it does not reflect the road 
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width that affects the urban ventilation. Hence, road network density is not an effective urban 
morphological index evaluating impacts on building energy consumption, and road area ratio 
might be a better indicator. 

With regards to Road Height-width Ratio, it has a significant negative correlation with heating 
energy consumption, and can reduce the external impact energy consumption of buildings. 
One possible reason is the increase of surrounding RHR reduces the wind speed in 
ventilation corridors and facilitate the heat preservation in the city, which creates a warmer 
outdoor temperature to buildings and thereby promotes building energy conservation. 

3.2.3 Open space ratio  

A high Open space ratio (OSR) means there are more open space around the vicinity. The 
results of correlation analysis and regression analysis all show that the higher OSR is, the 
more unfavorable it is for building heat-energy saving in severe cold region cities. The 
microclimate influenced by OSR should be responsible for it indirectly. It can be known from 
the previous study that the place with lower open space ratio is found to be warmer as 
compared to the district with more OSR value in winter (Hong L. at el. 2018). It is because 
the lower ventilation rate and higher heat storage capacity reduce the heat loss efficiency of 
buildings. For this reason, OSR shall be regarded as an effective parameter to appraise the 
heating energy efficiency of urban morphology. 
 
4. Conclusion and Discussion 
4.1  Conclusion 

In summary, this paper analyzes the influences that urban morphology factors exert on 
building energy consumption quantitatively in severe cold region, with Harbin as a case study. 
Sixty-nine office buildings’ energy consumption data and six urban morphology indexes 
surrounding these buildings are studied in detail with a statistical approach.  

From a theoretical perspective, the final results demonstrate that: (a) Urban morphology do 
has a remarkable effects on heating energy consumption of office buildings in severe cold 
region cities. (b) Higher construction intensity with taller buildings, denser building layout and 
higher floor area ratio feature greater heating energy efficiency of office buildings, while 
greater open space ratio leads to lower heating energy efficiency. (c) For estimating the 
heating energy efficiency of urban morphology, urban spatial intensity (BSC, FAR and BH), 
road height-width ratio and open space ratio are all effective urban morphological indexes. 

With regard to methodology, our research increased the 
rigour of research through the combination of building 
energy consumption simulation and statistical analysis. 
Before the statistical analysis, the basic energy 
consumption(BEC) of buildings are simulated by 
OpenStutio software to obtain the external influence energy 
consumption(EIEC) of buildings which are used for 
statistical analysis to eliminate the influence of variables 
such as building construction, building equipment and other 
variables. This greatly increases the accuracy and 
scientificity of the analysis results. 

It should be noted that other energy consumption of office 
buildings such as electricity which might have opposite 
correlation with some urban morphological indicators has 
not been included in this study. Therefore, it might be 
necessary to find the best urban morphology that can 
balance the energy consumption of electricity and heating 
energy in severe cold region cities in the future.  

Figure 5: The relationship 
between planning strategy and 
building energy conservation 
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4.2  Discussion：Possible planning strategies 

The same urban density, same volume rate or same population size can be realized by 
diverse urban morphologies, but there are different effects on the environment (Rogers R.G. 
2007) or on the urban building energy consumption specifically. The close relationship 
between urban morphology and building heating energy consumption identified in this study 
also emphasis that urban morphology can be used as a valid way to save building energy 
and reduce carbon emissions in cold region cities. Consequently, the significance of energy-
saving oriented urban planning strategies can be foreseen. To be precise, a preliminary 
planning framework (Figure 5) can be established theoretically: First, study the quantitative 
relationship between building energy efficiency and urban morphology of the city which is 
what we have done in this study; Afterwards, come up with energy-saving oriented urban 
planning strategies based on the above correlation; Finally, evaluate and compare the ability 
of different morphology scenarios until achieving building energy conservation goals. 

For this study, after obtaining the above analysis results, the possible planning strategies in 
district scale can be put forward for severe cold region cities: compact building layout;  
appropriate high development intensity, building height and road aspect ratio; moderately 
reducing open space ratio. However, we must take the impacts of these strategies on other 
factors such as urban society, transportation efficiency into consideration comprehensively 
and deliberately.  

Overall, introducing the concept of building energy conservation in urban planning and 
proposing energy-saving oriented urban planning strategies in cities are significant for the 
mitigation of climate change and the development of cooler cities.  
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