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a  b  s  t  r  a  c  t

Greenhouse  gas  emissions  from  buildings  energy  consumption  increase  disproportionate  since  the  21st
century  which  would  accelerate  exhausting  the fossil  fuel  supply  and threatening  the  local  climate.
Using  factor  analysis,  we  study  the  contribution  of four  groups  of  influencing  factors  to  office  building
energy  consumption  by  integrating  social  economic,  building,  macro-climatic  and  micro-climate  regula-
tion factors.  It  showed  that  micro-climate  controlling  ability  had  the least  contribution  (with  9.64%)  to the
office  building  energy  usages.  Nevertheless,  micro-climate  regulation  ability  should  not  be  ignored  for  its
improvement  process  is  relatively  easier  and  the  investment  is  lower  when  comparing  with  renovations
on  buildings,  macro-climate  or social-economic  conditions.  Using  a geographical  detector  model,  the
effects  of urban  micro-climate  regulation  ability  on office  building  energy  consumption  is  further  ana-
lyzed.  The  results  showed  that when  integrated  with  green  space  and  water  body,  the  effect  for carbon
eographical detector model emission  reduction  was  more  obvious  than  using  one  of  them  alone.  The  green  space  had  area  threshold
for  office  building  energy  usages  carbon  reduction  but  water  body  has  not.  If land  area  permitted,  water
body  construction  is  more  suitable  than  green  space  for reducing  office  building  energy  usage  carbon
emission.  This  study  will  provide  urban  low  carbon  building  construction  from  the  view  of  planning  and

such  
layout  of ecological  land  

. Introduction

Greenhouse gases (GHG) from energy usage emitted in huge
uantities worldwide, which not only exhausted the fossil fuels
upply but also threaten the global climate change, and there-
ore became one of the greatest challenges for countries, especially
eveloping ones [1,2]. Carbon emissions in China were 29.5 bil-

ion TCO2 in 2013, which represents a 4.2% increase over 2012, and
 27.1% share of global carbon emissions [3]. With the accelerat-
ng development of the economics, China is predicted to continue
ncreasing its energy consumption. The continuously increasing
roduction of GHG placed great pressure for China to meet national
arbon emission reduction targets which aims to reduce emissions
er unit of economic output to 40–50% of 2005 levels by 2020.

In 2014, China’s building energy consumption was  about 814
illion tons of standard coal, accounting for 19.12% of total energy
onsumption [4]. In recent years, building energy consumption
as sharply increased with increasing numbers of buildings and

mprovement of living standards. Building energy consumption

∗ Corresponding authors.
E-mail addresses: hye@iue.ac.cn (H. Ye), gqzhang@iue.ac.cn (G. Zhang).
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as green-space  and  water  space.
©  2017  Elsevier  B.V.  All  rights  reserved.

emitted GHG will continue, which will have an adverse impact
on natural, socio-economic systems, and simultaneously increase
the burden on China to address climate change [5]. It is therefore
important to reduce building energy consumption in an effort to
mitigate global resource shortages and to weaken the intensify-
ing greenhouse effect. Office buildings are an important fraction of
public buildings, accounting for about one-fifth of the area of pub-
lic buildings which consumed a considerable 3.26 tons of standard
coal in 2014 [4]. Low-carbon energy consumption of office build-
ings is thus essentially important in improving the regional climate
and developing cities in a sustainable manner.

The micro-climate generally is defined as the local climate
within 1000 ms  of a building [6]. Some previous studies analyzed
the effect of the micro-climate on building energy consumption by
directly monitoring data of meteorological factors, such as the air
humidity, wind speed, solar radiation [7]. Previous studies showed
that the urban micro-climate is affected by factors such as the
thermo-physical property of the underlying surface and greening
[8,9]. Building energy consumption mainly relates to heating and

cooling, with the two  accounting for 65% of total building energy
consumption [10]. But, how these micro-climate changes effects on
energy usage is far from clear.

dx.doi.org/10.1016/j.enbuild.2017.08.047
http://www.sciencedirect.com/science/journal/03787788
http://www.elsevier.com/locate/enbuild
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dx.doi.org/10.1016/j.enbuild.2017.08.047
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Nomenclature

Abbreviation
GHG greenhouse gases
HDD heating degree days
CDD cooling degree days
FA square foot area
ECM energy consumption membership
BL building floors
GRP per capita gross regional product
EST regional expenditure on science and technology
EE expenditure on education
GDM geographical detector model
KMO  Kaiser–Meyer–Olkin test

Symbols
CEF carbon emissions from fuels consumption
Cei consumption of fuels
Gei energy conversion coefficient of fuels
Iei carbon emission factor vector of fuels
aij factor loading
Fi factor i
X variable j
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We  hypothesis that micro-climate regulation ability would
irectly or indirectly affect office building energy usage in addition
o large-scale climate factors [11,12]. Some studies have shown that
he water body and green space have a cold-island effect. They play
n important role in alleviating the urban heat effect and improving
uilding indoor comfort [13,14]. Green spaces and water bodies are

mportant parts of the micro-climate regulation factors outside a
uilding. We  here challenge to construct micro-climate regulation

ndicator of public buildings by the geographical factors of green
pace area and water area and further analyzes their relationship
ith the energy usage carbon emission reduction.

Studying the influencing mechanism of micro-climatic regula-
ion factors originated from green space and water body on public
uilding energy consumption will supply appropriate strategies
or achieving low-carbon building construction and the scien-
ific planning and layout of urban green space and water body
andscapes, which is easier for realization when comparing with
egional macro-climatic, social-economic and building condition
hanges.

. Method

Previous studies showed that building bodies, macro-climatic
onditions, and socioeconomic conditions have different effects
n building energy consumption [15–19]. We  hypothesize micro-
limate regulation condition would not alone but integrate with
he other three factors together to have effects on the consumption
11,20]. Through the integration of the above indicators, the present
tudy formed four first-class indicators, conducted factor analysis
o discuss the coupling effect of energy-consumption carbon emis-
ions of office buildings. The geographical detector method was
hen used to explore the impact methods for secondary indicators
f the four first-class indicators.

The energy needed to operate a building is largely dependent
n macro-climate condition [21,22]. In particular, outdoor macro-

limate can be represented by heating degree days (HDD) and
ooling degree days (CDD), which heavily influence building energy
sage. Cooling degree days and heating degree days were used as
he secondary indicators of urban macro-climatic elements. The
gs 154 (2017) 553–559

building’s square foot area (FA), energy consumption membership
(ECM) and number of building floors (BL) which are considered
to determine an office building’s energy consumption in terms of
lighting, heating, cooling and ventilation were used as the sec-
ondary indicators of building characteristics [15–17,23–25]. The
green space area and water area within 1000 m of the public office
building were used as the secondary indicators of urban micro-
climate regulation environments [13,14]. Office building energy
consumption was covered by governmental funds in this study,
suggesting that the office workers would not have a sense of the cost
of rent or operating expenses. People who  work in office buildings
have a tendency to seek a comfortable indoor environment, entail-
ing high energy consumption, regardless of the outside climate
and weather conditions [17,26,27]. Per capita gross regional prod-
uct (GRP), average wage of employed staff and workers (Income),
regional expenditure on science and technology (EST) indicated
technological progress and expenditure on education represented
education level (EE) [17,19,28]; these 4 indicators were also used
here to represent the secondary indicators of social-economic con-
dition.

2.1. Data collection

In economy society, labor activities comprise the foundation of
economic development. Public buildings accommodate a signifi-
cant proportion of management working activities. In this study, a
series of ‘The People’s Bank of China’ office buildings were selected
as public buildings. Although the buildings are distributed in dif-
ferent cities all over the China, they are served for the same
service management affairs. The energy used for these buildings
is mostly subsidized by the government and not paid by the indi-
vidual. 205 office buildings in 2011 from 204 cities in China were
selected as study samples (Fig. 1). We  focus on the operational
energy consumption of these public office buildings, which mainly
relates to lighting, heating, cooling, and other maintenance needs.
For building, we collected the various energy usage consump-
tion, the consumer numbers and the heating or cooling building
areas. For macro-climatic condition, we  get the information by geo-
graphic information system (GIS). For socio-economic conditions,
we acquired the technological investments, education investments,
income, and city GRP from the city yearly statistical book [29].

2.2. Remote sensing/GIS image processing

We  used the green space area and water area within 1000
meters of a public office building as indicators of the building micro-
climate regulation environment. Using geographical information
system (GIS), we extracted the green space areas and water areas
within 1000 m of 205 public office buildings from land map  and
points of interest (POI) by ArcGIS. We  also calculated the average
temperature, heating days, and cooling days for each building by
interpolation in ArcGIS software.

2.3. Calculating carbon emissions

To account for variations in energy consumption, we  trans-
formed all types of energy consumption and expenditures into
carbon emission data. The equivalent amount of carbon emissions
for each fuel was  decided by its consumption and carbon content.
Eq. (1) gives the framework for converting energy use into car-
bon emissions. This calculation to estimate residential emissions
is based on the Intergovernmental Panel on Climate Change [30]
formula for national greenhouse gas emissions:
CEF =
n∑

i

(Cei + Gei + Iei) (1)
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Fig. 1. 

here CEF represents carbon emissions from fuels consumption, Cei
s the energy consumption of fuel i (kg or m3), Gei is the energy con-
ersion coefficient of fuel i (MJ/Tt or MJ/Mm3), e.g. set as 111 MJ/m3

or LPG, 29.31 MJ/kg for coal, and Iei is defined as the carbon emis-
ion conversion factor which means energy carbon containment
er unit. The carbon containment parameter is set at 27.63 gC/GJ.

Heat and electricity are secondary energy sources; they do not
irectly emit carbon dioxide but generate carbon emissions during
heir production. Based on data for thermal power generation and
eat supply from the ‘Intermediate Inputs and Transform’ table in
he Energy Balance Sheet, we determined carbon emission factors
or heat and electricity. Then, we evaluated indirect CO2 emissions
rom thermal power generation, heat, and electricity. For electric-
ty, we used the regional area power plants’ average emission factor
ccording to the Guidelines for Provincial Greenhouse Gas Inven-
ories [31]. The formula is as follows:

electricity = Welectricity × Wcoal × Gcoal × Icoal (2)

here Welectricity is the electricity consumption (kWh); Wcoal is the
oal applied to electricity production (kg/kWh); Gcoal is the coal
nergy transfer coefficient (MJ/Tt); Icoal is the coal carbon contain-
ent coefficient (kg C/GJ), set as 0.928 kg/kWh for East China area.

.4. Factor analysis

For factor analysis, multiple variables are grouped to reduce

imensionality according to the size of correlation, such that cor-
elation between variables within the same group is higher and the
ariable correlation between different groups is lower. New fac-
ors are formed in each group, and the factors are not related to
 area.

each other. All variables can be expressed as a linear combination
of common factors. Eq. (2) showed the factor analysis model,

X1 = a11F1 + a12F2 + · · · + a1mFm + ε1

X2 = a21F1 + a22F2 + · · · + a2mFm + ε2

...

Xp = ap1F1 + ap2F2 + · · · + apmFm + εp

(3)

where the matrix A = (aij) is called the factor load matrix and aij is the
factor loading, which is a correlation coefficient of common factor Fi
and variable Xj. ε is a special factor, representing influencing factors
other than the common factors.

We tested how a building’s energy consumption varies as a
function of climate conditions (heating days or cooling days), con-
struction characteristics (heating and cooling area and number of
energy consumers), micro-climate, and socio-economic conditions.

2.5. Geographical detector methods

The geographical detector model (GDM) is a spatial analysis
model based on the theory of spatial differentiation. The model
uses the ‘factor force’ as a measure index to effectively detect
and identify correlation between a geographical attribute and its
explanatory factor [32]. The geographic detector model is freely
available from www.geodetector.org. In the model, the explana-
tory factors are the category variables rather than the actual value,
which effectively overcomes the limitation that the traditional sta-
tistical analysis method handles category variables [33]. Therefore,
it can quickly and objectively detect correlation between spatial

elements, and has been widely used in many fields of environ-
mental research [34]. According to the spatial properties of public
buildings and the micro-climatic regulation ability indicators, we
used GDM to explore the effects of individual micro-climatic

http://www.geodetector.org
http://www.geodetector.org
http://www.geodetector.org
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Fig. 2. Energy usage carbon emis

egulation ability factors and interactions of factors on energy con-
umption. GDM is mainly composed of four detectors: risk, factor,
cological, and interactive detectors. The ecological detector was
sed to explore whether different factors make significant differ-
nces to building energy consumption. A risk detector was  mainly
sed to search for the range in which factors significantly affect
uilding energy consumption. An interactive detector was used to

dentify the interaction of influencing factors. Here, we  used the
atural fracture method to convert explanatory factors from actual
alues into category variables.

Geographical detector is a new tool to test and to search for
patial stratified heterogeneity of a variable Y; and to test the asso-
iation between two variables Y and X according to the consistency
f their spatial distributions (overlaying Y and X).

The philosophy of geographical detector is that variable Y is
ssociated with variable X if their spatial distributions tend to be
dentical. The association between Y and X is measured by:

 = 1 −
L∑

h=1

Nh�2
h

N�2 (4)

here �2 stands for the variance of Y; N is the number of units
n study population of Y; the study population of Y is composed
f L strata (h = 1, 2, . . .,  L). The strata of Y may  exist already, or are
onstructed by classification, or formed by laying Y over X which
onsists of strata. q ∈ [0, 1], q = 0 indicates that Y is not spatially
tratified heterogeneity, or there is no association between Y and X;
 = 1 indicates that Y is perfectly spatially stratified heterogeneity,
r Y is completely determined by X; the value of q-statistic indicates
he degree of spatial stratified heterogeneity of Y, or how much Y
s interpreted by X.
om office buildings across China.

3. Results and discussion

3.1. Characteristics of public office buildings

According to our survey of 205 office buildings across 204
cities in China, we concluded that the average values were:
energy consumers, 264 persons; floors, 12 layers; floor area,
1.69 × 104 m2; heating degree days, 2180.20 ◦C d; and cooling
degree days, 1090.66 ◦C d. The floor area of the buildings ranged
from 400 to 90,100 m2. The number of employees varied from 12
in Jinhua City to 2400 in Beijing. In general, office buildings located
in provincial capitals had a larger floor area and more employees.
The heating degree days exhibited a range of 33.13 ◦C d from Sanya,
Hainan to 7326.11 ◦C d from Hohhot, Inner Mongolia, while the
range of the cooling degree days is from 0.46 ◦C d in Rika city to
2404.03 ◦C d in Sanya, Hainan. The lowest layer value is 2 in Jiu-
jiang city, Jiangxi Province and the highest value is 36 in Baoding
city in Hebei Province.

3.2. Energy usage

We  focus on office buildings energy usage and their carbon emis-
sions, the main forms of energy consumed for building operation
were electricity, gasoline, and raw coal. The total building con-
struction carbon emissions (except car consumption energy) were
1.25 × 106 kg/building/year (Fig. 2). Carbon emissions from elec-
tricity, gasoline, and raw coal were 83.14%, 12.17%, and 9.57% of
total energy carbon emission, respectively (Fig. 3). Carbon emis-
sions from electricity made up the major part of construction
building energy carbon emissions.
3.3. Energy consumption dynamics

Factor analysis was conducted to reduce the dimensionality for
4 groups of 11 influencing factors. A Kaiser–Meyer–Olkin (KMO)
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Fig. 3. Energy usage and resulting carbon emissions.

Table 1
Total variance explained by principal component analysis.

Component Initial eigenvalues Extraction sums of squared loadings Rotation sums of squared loadings

Total % of variance Cumulative % Total % of variance Cumulative % Total % of variance Cumulative %

Dimension 1 3.412 31.023 31.023 3.412 31.023 31.023 2.691 24.461 24.461
2  1.995 18.136 49.159 1.995 18.136 49.159 1.958 17.804 42.264
3  1.125 10.228 59.386 1.125 10.228 59.386 1.77 16.091 58.355
4  1.06 9.636 69.023 1.06 9.636 69.023 1.173 10.668 69.023
5  0.961 8.739 77.762
6  0.72 6.547 84.309
7  0.614 5.586 89.895
8  0.524 4.766 94.661
9  0.225 2.043 96.704
10  0.208 1.895 98.599
11  0.154 1.401 100

Table 2
Rotated component matrix.a

Component

1 2 3 4

EST 0.865 0.109 0.238 −0.011
EE  0.76 0.074 0.318 −0.131
GRP  0.698 0.009 0.03 0.123
Income 0.697 −0.004 0.072 0.121
HDD −0.017 −0.915 0.015 −0.023
CDD 0.18 0.9 −0.067 0.102
FA  0.31 −0.136 0.834 0.074
ECM 0.434 −0.082 0.789 0.009
BL  −0.144 0.426 0.527 0.105
WB  −0.084 0.273 0.072 0.67
GS  0.216 −0.104 0.034 0.806

Extraction method: principal component analysis.
R

t
2
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consumption
otation method: varimax with Kaiser normalization.
a Rotation converged in 6 iterations.

est was first conducted for all data on the public office buildings in
04 cities. A KMO  value of 0.679 was obtained, which means that

t is worth using the factor analysis model to explore and analyze
nfluencing factors.

In factor analysis of 11 variables, we see that the first four char-
cteristic roots, denoted F1, F2, F3, and F4, exceeded 1. The highest
nitial eigenvalue is F1 with 3.412, and it decreased gradually to
2 (1.995), F3 (1.125) and then to F4 (1.060). The cumulative vari-
nce contribution rate of the first four common factors was 69.03%,
howing that the explanatory power of the basic model was suf-
cient. The variance contribution rates of F1, F2, F3, and F4 were
1.02%, 18.14%, 10.23%, and 9.64%, respectively, and the influence
ate decreased gradually (Tables 1 and 2).
Tables 1 and 2 show that F1 had a greater load for the four influ-
ncing factors of scientific expenditure (0.865), average employee
ncome (0.697), educational expenditure (0.760), and GRP per
capita citywide (0.698), and it is taken as the overall social-
economic factor. F2 had a greater load for the two  influencing
factors of the heating degree (−0.915) and cooling degree (0.900),
and it is taken as the overall macro-climate factor. F3 had a greater
load for the three influencing factors of the building area (0.834),
number of building users (0.798), and number of building floors
(0.527), and it is taken as the overall building factor. F4 had a greater
load for the two influencing factors of the green space area (0.670)
and water body area (0.806), and it is taken as the overall urban
micro-climate regulation ability factor.

The area and consumer number of energy usage in office build-
ings has the most important, following with urban social-economic
condition the second, macro-climatic environment the third while
the micro-climatic regulation environment on the least effects on
building energy consumption. Building itself has the most impor-
tant and direct effect on building energy consumption which is
the same as our previous in residential building research [23].
Economic support and energy saving behavior and conscious-
ness based on social-economic investment will help for second
important for energy consumption and energy conservation. The
cooling and heating energy consumption was directly depended
on macro-climatic condition which was reflected its third impor-
tant effects on energy usage. Through building surrounding climate
adjustment, the micro-climate regulation environment showed the
fourth important effects on the energy consumption of buildings.
Although, this effect was weak than the other three conditions, it
could not be ignored due to its feasible and effective manner for
energy reduction.

3.4. Micro-climate regulation ability and its effects on energy
The ecological detector reveals that among the 11 factors
selected, the green space area and water area are less important
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Table 3
Results of ecological detector.

WB  GS FA ECM BL HDD CDD Income GRP EST EE

WB
GS N
FA Y Y
ECM Y Y N
BL N N N N
HDD N N N N N
CDD N N N N N N
Income N N N N N N N
GRP N N N N N N N N
EST Y Y N N N Y Y N N
EE  Y Y N N N N Y N N N
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Table 5
Results of risk detector for water body.

1 2 3 4 5 6 7

13.907 13.524 13.666 13.833 13.659 13.695 13.286

1 2 3 4 5 6 7

1
2 N
3 N N
4  N N N
5 N N N N
6 N N N N N
7  Y N N Y N N

Sig. t test: 0.05.
Note: ‘Y’ indicates the horizontal level on building energy consumption is higher
than that of the vertical level and ‘N’ indicates otherwise.

Table 6
Results of risk detector for green space.

1 2 3 4 5 6 7

13.209 13.474 13.765 13.589 13.695 13.812 13.617

1 2 3 4 5 6 7

1
2 N
3 N N
4  N N N
5 N N N N
6 N N N N N
7  N N N N N N

T
R

ote: ‘Y’ indicates that the horizontal factor is more important than the vertical
actor for building energy consumption, while ‘N’ indicates otherwise.

han the building area, number of building users, scientific invest-
ent, and educational investment to building energy consumption
hich is the same as the results from the factor analysis. In a com-
arison of the two micro-climate regulation factors, the water area

s more important than the green space area for building energy
onsumption carbon emission reduction (Table 3). The cooling
ffect of the micro-environment outside buildings is mainly deter-
ined by air humidity. For a water body has a high heat capacity and

urrounding air humidity, it leads to a relatively low temperature
hange in the surrounding area and produce an obvious building
ooling effect. While, green space reduces the surrounding tem-
erature by absorbing carbon dioxide through photosynthesis and
eleasing water to the air through transpiration, but these effects
ainly occur during the daytime.
The results obtained from the interactive detector are given in

able 4. It showed that among all influencing factors, the building
rea and number of users have the strongest effects on building
nergy consumption, with their influence coefficients being 0.491
nd 0.530, respectively. When a water area is introduced alone to
educe building energy consumption, the influence coefficient is
.037, while the influence coefficient of a green space area is 0.020.
his supports the result that the effect of a water area on building
nergy consumption obtained by an ecological detector is stronger
han that of a green space area.

Among all mutually effective factors, the building area and num-
er of building users have the largest integrated effect on building
nergy consumption. The influence coefficient is 0.643, which is
onsistent with the results of the factor analysis results presented;
.e., the building factor has the strongest effect on building energy
onsumption. The integrated effect of the water area and number of
uilding users on building energy consumption is second strongest,
aving an influence coefficient of 0.641, while the integrated influ-

nce coefficient of the green space area and number of building
sers is 0.601. In addition, the integrated effect of the green space
rea, water area, and other factors has a more significant nonlinear
nhancement effect on building energy consumption.

able 4
esults of interaction detector.

WB GS FA ECM BL 

WB 0.037
GS 0.166 0.020
FA 0.619 0.581 0.491
ECM 0.641 0.601 0.643 0.530
BL 0.289 0.218 0.547 0.589 0.098
HDD 0.250 0.192 0.640 0.639 0.292 

CDD 0.223 0.177 0.582 0.634 0.277 

Income 0.418 0.305 0.593 0.614 0.333 

GRP  0.392 0.341 0.599 0.593 0.261 

EST  0.410 0.331 0.639 0.588 0.340 

EE  0.352 0.275 0.588 0.563 0.395 
Sig. t test: 0.05.
Note: ‘Y’ indicates the horizontal level on building energy consumption is higher
than that of the vertical level and ‘N’ indicates otherwise.

Through the factor analysis, we find the effect of the micro-
climatic environment on building energy consumption is weaker
than the effects of the other three factors but the micro-climatic
environment has a higher influence coefficient when combined
with the other three factors. Therefore, in a real natural envi-
ronment, the actual effect of the micro-environmental regulation
factor on building energy consumption is much greater than the
theoretical effect.

In contrast to the cases of the separate effects of the two micro-
climatic regulation factors on building energy consumption, the
coefficient on building energy consumption is 0.166 for the com-
bined effect of a green space and water body, revealing a significant
nonlinear enhancement effect. In the layout design and planning
of buildings, considering the use of both a green space and water
body is recommended, thereby enhancing the reduction effect of

micro-climate regulation environmental factors on building energy
consumption.

Results of risk detector analysis of the green space area and
water body area are given in Tables 5 and 6. It reveals that the high-

HDD CDD Income GRP EST EE

0.074
0.174 0.026
0.419 0.332 0.163
0.397 0.328 0.287 0.104
0.428 0.430 0.424 0.378 0.238
0.431 0.322 0.383 0.331 0.291 0.201
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st level which the water area has the strongest effect on building
nergy consumption is located at the seventh class (the highest
ater body area, ranges from 4.535 × 105 m2 to 1.466 × 106 m2),

ndicating that a larger water area has a stronger effect on building
nergy consumption. Cities with a water area having the strongest
ffect on energy consumption located in the following cities, i.e.,
eihai, Huangshi, Ezhou, Shaoguan, Zhaoqing, Qingyuan, Leshan,

uzhou, Yibin, Ankang, Jilin, Matsubara, Hangzhou, Ji’an, Shangrao,
ingtan, Wuzhou, Fangchenggang, and Xiamen. These cities are
ainly distributed in northeastern, southwestern, and eastern

southern) coastal areas, and characterized by abundant rainfall,
igher air humidity with dense distributions of rivers, lakes and
ther water sources in the city or its surroundings. Comparing these
9 cities with the other 185 cities, it is found that in addition to the
ize of the water area being greater, the water body connective level
n these cities is higher than that of other cities. Not as the same
s the water body, the effect of a green space on building energy
onsumption does not increase with the area. The effect of a green
pace on building energy consumption carbon emission reduction
hanged greatly at the class three (ranges from 6.719 × 104 m2 to
.287 × 105 m2). We  assumed that greed space of class three may
e a threshold. When the green space area exceeds the thresh-
ld, its reduction effect on building energy consumption no longer
ncreases.

. Conclusions

We  firstly constructed a micro-climatic condition indicator by
xtracting the green space area and water area of 1000 m suffer
f public buildings. And then combined micro-climatic regulation
ondition with social-economic factors, building factor and macro-
limate to explore the integrated effect of four first-class factors
n the energy consumption of buildings by factor analysis. Using
eographical detector model, we discussed the influencing mecha-
ism of urban micro-climate regulation factors on building energy
onsumption. The results showed that the urban micro-climate
egulation environment has a relatively weak but non-negligible
ffect on building energy consumption. The green space or water
ody has a weak single effect on building energy consumption,
ith the effect of the water area on building energy consumption

eing higher than that of the green space, but their combined effect
n building energy consumption is significantly enhanced. In the
ctual situation, the combined effect of the micro-climate regula-
ion factor with socio-economy, building itself, and macro-climate
actors on building energy consumption is much higher than the
ffect of the single micro-climatic regulation factor under the the-
retical conditions. In addition, in a certain area, a larger area of
reen space results in lower building energy consumption. How-
ver, if the area of the green space exceeds a threshold, the building

nergy consumption no longer reduces with a further increase in
rea of the green space. But for the water body, this threshold
oes not exist. Furthermore, the effect of water bodies on build-

ng energy consumption depends on the connectivity of water in

[

[
[
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addition to the area, with a higher degree of connectivity having
a stronger effect. Therefore, mixing green space and water in a
reasonable distribution in future urban environmental planning is
suggested, which will maximize the reduction effect of the urban
micro-climate regulation ability on building energy consumption.

Acknowledgements

Thanks for the fund from the National Key Research and
Development Program of China (2016YFC0502700), Projects
41771570, 71403258, 41771573, 41671444 and 41371540 sup-
ported by National Natural Science Foundation of China and Project
2015J05086 supported by Natural Science Foundation of Fujian
Province.

References

[1] UNFCC, United Nations Climate Change Conference in Copenhagen, United
Nations Frame work Convention on Climate Change, Demark, 2009.

[2] UNFCC, United Nations Climate Change Conference in Cancun Agreements,
Mexico, 2011.

[3] B.P. Group, BP World Energy Review, 2014.
[4] CABEE, Research Report on Energy Consumption in China, 2016.
[5] G. Wu,  L. Liu, Z. Han, Y. Wei, Appl. Energy 97 (2012) 157–163.
[6] X. Yang, L. Zhao, Build. Sci. 31 (2015) 1–7.
[7] Vlachokostas, N. Madamopoulos, 2016, pp. 140–149.
[8] H.Q. Xu, Acta Ecol. Sin. 29 (2009) 2456–2462.
[9] M.  Shahrestani, R. Yao, Z. Luo, E. Turkbeyler, H. Davies, Renew. Energy 73

(2015) 3–9.
10] S. Jun, L. Ming-cai, C. Jing-fu, J. Meteorol. Environ. 32 (2016) 72–78.
11] Y. Han, J.E. Taylor, A.L. Pisello, Appl. Energy (2015).
12] M.  Stevenson, J. Thompson, T.H. de Sá, R. Ewing, D. Mohan, R. McClure, I.

Roberts, G. Tiwari, B. Giles-Corti, X. Sun, Lancet 388 (2016) 2925–2935.
13] C. Yu, W.N. Hien, Energy Build. 38 (2006) 105–120.
14] S. Oliveira, H. Andrade, T. Vaz, Build. Environ. 46 (2011) 2186–2194.
15] H. Ye, Q. Qiu, G. Zhang, T. Lin, X. Li, Energy Build. 65 (2013) 113–118.
16] H. Ye, X. He, Y. Song, X. Li, G. Zhang, T. Lin, L. Xiao, Energy Build. 93 (2015)

90–98.
17] H. Ye, Q. Ren, X. Hu, T. Lin, L. Xu, X. Li, G. Zhang, L. Shi, B. Pan, J. Clean. Prod.

141 (2017) 128–136.
18] M.  Kahn, Science 347 (2015) 239.
19] X. Zhang, L. Luo, M.  Skitmore, J. Clean. Prod. 103 (2015) 873–883.
20] L. Yuan, Y. Ruan, G. Yang, F. Feng, Z. Li, Energy Procedia 104 (2016) 263–268.
21] I. Susorova, M.  Tabibzadeh, A. Rahman, H.L. Clack, M.  Elnimeiri, Energy Build.

57  (2013) 6–13.
22] T. Shibuya, B. Croxford, Energy Build. (2016) 149–159.
23] H. Ye, K. Wang, X. Zhao, F. Chen, X. Li, L. Pan, Energy Build. 43 (2011) 147–152.
24] X. Zhou, D. Yan, T. Hong, X. Ren, Energy Build. (2015) 275–287.
25] L. Li, X. Hong, D. Tang, M.  Na, Sustainability-Basel 8 (2016) 462.
26] C. Dai, L. Lan, Z. Lian, Energy Build. 76 (2014) 278–283.
27] D. Grossmann, R. Galvin, J. Weiss, R. Madlener, B. Hirschl, Energy Build. 111

(2016) 455–467.
28] M.  Kahn, N. Kok, J. Quigley, J. Public Econ. 113 (2014) 1–12.
29] Department TNBO, China City Statistical Yearbook 2011, China Statistics

Press, Beijing, 2011.
30] IPCC, Contribution of Working Group I to the Fourth Assessment Report of the

Intergovernmental Panel on Climate Change. Summary of Policymakers, 2007.
31] Division NDAR, Guidelines for Provincial Greenhouse Gas Inventories, Beijing,

2011.

32] J. Wang, X. Li, G. Christakos, Y. Liao, T. Zhang, X. Gu,  X. Zheng, Int. J. Geogr.

Inform. Sci. 24 (2010) 107–127.
33] Y. Hu, J. Wang, X. Li, D. Ren, J. Zhu, PLoS ONE 6 (2011) e21427.
34] X. Li, Y. Xie, J. Wang, G. Christakos, J. Si, H. Zhao, Y. Ding, J. Li, Sci. Total

Environ. 458 (2013) 63–69.

http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0005
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0010
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0010
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0010
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0010
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0010
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0010
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0010
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0010
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0010
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0010
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0010
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0015
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0015
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0015
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0015
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0015
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0015
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0015
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0020
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0020
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0020
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0020
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0020
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0020
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0020
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0020
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0020
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0025
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0030
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0030
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0030
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0030
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0030
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0030
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0030
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0030
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0030
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0030
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0030
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0040
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0040
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0040
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0040
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0040
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0040
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0040
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0040
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0040
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0040
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0045
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0050
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0055
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0055
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0055
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0055
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0055
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0055
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0055
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0055
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0055
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0060
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0065
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0065
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0065
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0065
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0065
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0065
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0065
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0065
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0065
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0065
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0065
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0070
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0075
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0080
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0085
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0090
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0090
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0090
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0090
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0090
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0090
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0095
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0100
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0105
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0110
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0110
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0110
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0110
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0110
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0110
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0110
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0110
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0110
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0110
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0115
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0120
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0125
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0125
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0125
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0125
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0125
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0125
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0125
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0125
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0125
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0125
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0125
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0125
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0130
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0135
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0140
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0145
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0145
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0145
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0145
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0145
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0145
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0145
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0145
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0145
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0145
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0145
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0145
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0150
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0155
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0155
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0155
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0155
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0155
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0155
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0155
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0155
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0155
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0155
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0160
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0165
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170
http://refhub.elsevier.com/S0378-7788(17)31187-8/sbref0170

	Effect of urban micro-climatic regulation ability on public building energy usage carbon emission
	1 Introduction
	2 Method
	2.1 Data collection
	2.2 Remote sensing/GIS image processing
	2.3 Calculating carbon emissions
	2.4 Factor analysis
	2.5 Geographical detector methods

	3 Results and discussion
	3.1 Characteristics of public office buildings
	3.2 Energy usage
	3.3 Energy consumption dynamics
	3.4 Micro-climate regulation ability and its effects on energy consumption

	4 Conclusions
	Acknowledgements
	References


