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Li Wan and Ying Jin
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Abstract

Robust callbration and validation of applied urban models are prerequisites for thelr successful,
policy-cogent use. This is particularly important today when expert assessment Is questioned and
closey serutinized. This paper proposes a new model calibration-validation strategy based on a
spatial equilbrium model that incorporates multiple time horizons, such that the predictive
capabilities of the model can be empirically tested. The model is implemented for the Greater
Beijing city region and the model validation strategy is demonstrated over the Census years 2000 to
201 0. Through forwardbackward forecasting, the model validation helps to verify the stability of the
mode parameters as well as the predictive capabilides of the recursive equilibrivm framework
The proposed modelling strategy sets a new standard for verifying and validating recursive
equilibrivm models. We alse consider the wider implications of the approach.

Keywords
Model validation, spatial equilibrium, lnd use transportation interaction (LUTI) models, recursive
dynamies, model calibration

Introduction

Urban land use and transport interaction (LUT [} models have been the mainstay of practical
policy analyses over the past decades. Originating from early applications of spatial
interaction (Batty and Mackie, 1972; Echenique et al, 1969; Lowry, 1964), the model
structure and eguations have undergone remarkable transformations through, eg. the
incorporation of general equilibrium theory in urban and regional economics (Anas and
Liu, 2007; Bricker, 1998) on one end of the spectrum to the adoption of disaggregate,
microscopic and agent-based spatial simulation on the other (Heppenstall et al., 2011).
In contrast, research into the predictive capabilities of these models has progressed less
quickly. Model validation in its strict sense (i.e. comparison between model ocutputs and
observed data that have not been used in model calibration) is just as rarely practised today

Corresponding author:
Li van, University of Cambridge, Cambridge CB2 ITH, UK
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This paper reports the insights into envimnmental impacts of the ongoing transformative
lamd use and transpornt developments in Greater Beijing, from a new suite of dynamic land
use, spatial equilibrium and strategic transport models that is calibrated for medium to
lomg term land use and transport predictions. The model testsare fecused on urban passen-
ger travel demand and associated emissions within the municipality of Beijing, acoount ing
for Beljing's land wse and transport interactions with Tianjin, Hebei and beyond. The find-
ings suggests that hackground trends of urbanization, economic growth and inoome [ses
will continue to be very powerful drivers for urban passenger travel demand acrss all
maim masdes of mansport beyond 200840, In order to achieve the dual policy aims for a mod-
erately affluent and equitable nation and reducing the absolute levels of urban transport
emissions by 2000, road charging and careful micro-devel coomdination between land
use, built form and public transport provision may need 1o be considered toget her for pol-
icy implementation in the near future.
& 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the OC BY
license (hittp: | cre ative common sorglicenses by 4.0/

1. Introduction

Beijing’s passenger transport annual C0: emissions rose from 938 million tonnes in 2003 to 15 million tonnes in 2012
(Wang et al, 2015). That is a rise by 60% over adecade. Such rises are typical in fast growing cites of emerging economies.
Urban passenger transport is in fact one of the most challenging sectors for carbon and pollutant emission reduction aross
the world's aties. In Faster growing regions the cnox ot the environmental impact problem is to cut emissions and emission
exposumne without stunting the initiatives for improving shared prosperity, social equity and economic growth

Some radical travel demand management measures are already in place to stem the rapid rises in car use and car own-
ership. For instance, Beijing has implemented a weekday @r use mestrictions rota by the last digit of the car number plate in
the main built area since 2008 and car purchase permit lottery since 2011; on high pollution days around half of the car fleet
is kept off road; there have also been massive investments and operating subsidies in public transport.

* Cormesponding author at Martin Centre for Anchitectural and Urben Studies, Cambridge University, 1 Scoope Terrace, Cmbridge, CB2 1PN LKL

E-muil address: yj24 28 cam.ac uk (Y. finl
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1361-9209 [ 201 7 The Authors. Published by Elsevier Lid.
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This paper imvestigairs how emerging carbon emission costs may affect the joint prodoction and lomtion de-
dsions for 2 mamfacmner aoroes the worlds regions. Spedfielly, we develop 2 new theoretical mod= which
explicifly links prodoat demand, production costs 2nd @rbon em e on levels i locati on decision s, and imeestiate
the mamfscinrers optimal dedsions betwesn two distnd regions. The resnlts show that the mfluence of carbon
emissions on manufacumers’ decisions can vary gresdly under di ferent circunstaness both off shoring and near-
shoring are possible under rsing carbon emission costs; menufacurers with high or low demand hawe different
inlerance: levels to the rsing mrbon emission costs when ansidering an altemative locabon; irade omsts can
chang e the pattern of ndocation. To gain policy insights for those who pursue reducing carbon emissions, different
praoduct examples are wed o @lolate the aitiel erbon price which triggers different location choices. The
resmlts suggpest tha if prodoction tedhnology is steble, raising carbon cost ftself has only limiesd effecs on
redudng totz] carbon emissions, espeddly for highazhielow-emission industries. The ation shift, which &
mone sensitive to changes in varisble mrbon emissions, may kead to 2 signifimnt emisdon redoction when
mmpleted. Additionad pricdng decision from the manufacrer shows no signifient effect on the botion de-
dsians; however, if demand is linked directly o cabon emission footprint of the produd, then it & mone hopeful
that 2 raised carbon price would reduce the carbon emissions significantly through relocation.

1. Introduction

Even before the 2015 United Nations Climate Change Conferance in
Parig, global companies were already taking aclions lo addrss the
greenhouse gas emission isue despite of its political controversy. Man
agers of many fime have been conpemed about the gowing risls and
opporumities amociated with the dimate change problem (Piecyk and
MeHinnon, 20100 Among vanious schemes for restricling the emissions, a
dmple price on each unitol emssionis widely adoped. Abouwt 29% fms
frovm the CDP questionnaire sample ame using emision price 2 aleveage
i address Ak imus mbed o cdimae d'ta:n.ge {{IP, 2015)L Some
companies el their internal carbon emission prices rmnging fom USS6/
b b LISE6D o aﬁﬁocrd:irg i Ubeir sirategic directiond [(Ecomnamis,
20131 And a price on emissions i effective. Martin el al. (201 4a) report a
negative effect of carbon tax on manufachrers carbon emigsion level
according to the data from the UK production cemus.

Firme' polential acions following a raiged emission price may include
maving 1o a greener place. Although the svidences of relocation caused
by concems on emission are fill inconclugive (Marin e al, 2014a), we
can oflen observe relocation cases and plans in practice. For example, a
UK agsel management firm SEGRO has saved 931 ton of carbon emision
by relocating and rebuilding one of its warehouses in 2004 {Grsb,
2014) Welch (2011) asmesses the posibility of relocating the data cenire
for University of British Columbia by congidering alternative lecations
with more renewalle energy supply like Quebec. Especially in the cost-
sensitive manufachring sector, aboul 61% managers in a survey of 287
manubicturers by Accentre are considering relocating  their
manubcturing facilities (Accenre, 2011), and omt reduction is regar-
dad 2 a eritieal drive (Lewin and Coita, 2007). Sinee carbon emsion
has become an emerging Bebor which influences the cost for manufae-
turers (Midumaolu et al | 2009), the manufacturers spatial ¢onfiguration
may be further reshaped by carlon emission isues in the futre
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Case Study

Thermal comfort in semi-outdoor

spaces within an office building in P
Shenzhen: A case study in a hot mm B convhomats

climate region of China

Bin Cao', Maohui Luo', Min Li" and Yingxin Zhu'

Abstract

In regions with hot climate, most office buildings tend to use mechanical cooling for indoor thermal
comfort, which results in high energy consumption throughout the year. In this article, we highlight a
case study in an office building in Shenzhen, which is located in the Hot Summer and Warm Winter Zone
of China. The building’s most distinctive feature is that it makes sufficient use of semi-outdoor spaces,
which plays an important role to achieve occupants” comfort, meanwhile contribute to saving enengy.
Field studies were conducted on an open terrace and in an auditorium with openable walls. Air
tempearature on the open terrace varied between 28.8°C and 30.6°C during working hours on a
summer day. Most occupants felt comfortable, although their averaged thermal sensation vote tended
to be higher than newtral condition. In the auditorium when it was occupied on an autumn day, air
temperature ranged from 26.1°C to 27.4°C. The averaged thermal sensaticn vote values in the three
sitting areas wera —0.5, 0.3, —0.2 respectively, while no less than 70% of people felt thermally comfort-
able. In both spaces, the sensible airflow had positively impacted on occupants’ comfort. The case study
has proven the effectiveness of the strategy of using semi-outdoor spaces and could be a grounded

example for new building designs in hot regions in China.

Keywords
Semi-cutdoor, Thermal sensation, Thermal comfort, Hot climate, China

Accepted: & July 2017

Introduction

In hot climate regions, active cooling i always
necessary o creale comfortable indoor environments,
while consuming a lot of energy. According to China’s
national standard Thermal Design Code for Civil
Building (GB50176-93)," the Hot Summer and Warm
Winter zonc (abbreviated as HEWW zone) is one of the
five climate zoncs. Localed in the extreme southern part
ol China, the average temperature of the HSWW zone
15 in the range of 25-29°C in the holiest month, while in
the coldest month, the averape lemperature is always
above 10°C. Compared with the other four zones in
Figure 1, the area of HSWW zone 15 relatively small.
However, hese provimes and regons wilhin the
HEWW zone have the lastest economic development
m China, swch as Guangdong, Fupan, Guangx,
Haman, Hong Kong, Macau and Tawan, In this

area, moat office buildings need cooling Tor almost 10
maonths per year, which has become a heavy burden for
encrgy saving. Ix there any way for buildings in the hot
climaie regions o achiewe both thermal comfort and
roduction of encrgy usage for indoor cooling?

Having the common concern about thermal comfort
imsucs in hot climate regions, rescarchers have con-
ducted field stodics in diffcrent countrics (Table 1).

'Department ol Building Science, School of Aschilecture,
Tainghues Uiniversity, Beiging, China

"Siate Key Lab of Subiropical Building Science, South China
Umniversity of Technology, Guangehou, China
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ARTICLE INFO ABSTRACT

Article hiciory: In this paper, the alfecs of thermal ervionment on ocapant [EQ peroeption and productivity weens
hemived 13 March 2017 sudied. Seven groups of experiments were carried outl in a contralled office emvironment and the
fecetved in nevised form physical parameters, including air temperature, globe temperature, relative humidity, cafson dioxide
10 May .ECI” T”‘-]' w7 anscenitration, ill uming noe amd background moise level, werne mestursd . In the experiments, imndoor air

Awailahile online 12 May 2017

tempe ratune was the independent variable, which vared from 16 °C 1o 28 °C with a step ol 2 °C, and
other constant |H} parameters wene e control variables. The dependent varishle would be human
perception of vanous control vanables amd productivity. Subjects (9 females and 12 males) wene

.h.il:l}::'u':mmt quality (1EQ) recrited 1o participate every expenment Tor 2 b During each experiment, tey vobed their perception
i temperazure al thermal comlorn, indoor air quality, lighting and scoustic envimmament, and perfomed 5 mulated
Thermal omfar allice Lasks to evaluste the produdivity. The redulls showed that the vanation of themal envimdamen
Emvironmenal sisfaton et ol Al ced theermal comfort but sl haed 2 “comparative”™ impact on the perception of other [EQ
(rupant produ oivity Dectors. Wiheen themmal envimonment was widks Gbiaony, it weakensd the “oomfon e pectation” of otler
IEQ factors, which scoordingly mfulted in the les disatislaction with other IEQ Tactars. Converdely,
wihen thermal emvironment was quite satisting, it raised “comfon expectation™ of other 1B} Daors,
wihich lowered the e vahuation of the real periomance of othe r 1D Tactors retroasctively. The quanti tative
el atiodndhd p between productivily and themal envimmment was established. The optimal productiving
wang abvtained wisen people kel *newtral™ or “shightly cool”, and the incre s of themmal Stidsction had 2
positive effect on productivity.
@ 2007 Elevier Lid All rights regerved
1. Introduction and fiald study.

Experimental study generally refers to the researches carried

Indoor Emvironmental Quality (IEQ) covers many factors,
including indoor air quality (1AQ ], thermal comfort, lighting and
acoustic [1] Ower the past few decades, there has been a consid-
emble amount of littmture that recognizes the significance of [EQ
in response to the increasing human desire to enhance comfort and
health [2]. Previous studies hawe proved that [EQ) exertsa significant
effect onoccupant’s satisfacton, health and productivity [3—6]. The
following challenge faced by many researches is to understand how
IEQ) affects human perception, health and performance. Exiging
wark can be divided into bwo main categories: experimental shudy

* Comesponding aurhor. Department of Bullding Sdence, Tsinghua Universitg
Beifing 100084, China.
E-mil gddres- linbr@inghuaesduon (B Lin)

http:f dxd ol angMI01 6 buildeme 2017050 22
360-1323 i 2017 Elsevier Lid All rights reserved.

out in either a climate chamber or a given space with emviron-
mental parameters controlled, in which participants are recruited
to vote their perceptions of the environment, measure physiolog-
ical parameters or perform certain tests [7] In order to smdy the
impact of one specific 1EQ factor on people’s satisfaction, health ar
productivity, theme has been numerous experiments performed by
different researchers. Fanger |89)] used climate chamber data to
build up PMV-PPD' model to predict thermal comfort based an
physical parameters (air ternperature, humidity, mean radiant
temperature and air speed) and human factors (metabolic mte and

'Pmd:cmdhmﬁaeumﬁ]:mmdumxwedruﬂtmmmufﬂz
themmal sensation woies of a lage group of persons; Prediced perentage of
dissatisfied (FPDE am index that es@blishes 3 quantitarive predicton of the per-
entage of thermally d issatisfied people determined foom P
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ARTICLE INFOQ ABSTRACT

Alomg with the improvement of living quality, indoor themal comfort has been drawing i ncreading
attentions. In this paper, a @mparison between South Ewrope, North America and Asia on winter indoor
thermal envimaments, oconpants” chothing inSuls tions and their Chermal Send tions was amducted. The
avmpared regons all locate in similar latitude range of temperate climate Tone (norhem Lt tude
35°54°-53°31") Field study data representing 10 diies chosen om ASHRAE RP-884, SCATS and China
thermal amion databades wene wed for the comparative study. It was observed that the indoor
ofser alive Temperature and relative humidity vaned rom regiond European and North Amencan cilied
hasd higheer temperature while temperatre of Chinete cities was the lowest Among the three regions,
indonr emd ronments in Ewnope and China me well with the comon require ments in their awn negional
o b tidial $tandand, whil e North Amencs had the highest ratio of matching O oomTort Sodaes i malter
in which standard Most of the oll-comlort-rone conditions in Eunope were due bo over ealing, oonirary
o these im i ‘woere mainly overaaling. Clothing insulation of Chinese was the highest and had a
wider ramge. The winter neutral temper sture e Europe, Horth Americs amd Ching were 234, 227 and
2.7 °C respectivel . A com parison betwee n TS and PHY was made and obwious deviation e atunes wens
discoversd. Europeans tend 1o kel colder than predicted when indoor temperature i out of the neutral
rone Chinede TEWVE were doter bo mneutral than they were pradicted by PMY, while North Americans
shaywesd am opposite resul

Awailahle online & Marnch 2017
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1. Introduction

Thermal comfort is defined as the condition of mind that ex-
presses catisBotion with the thermal environment and is assessed
by subjective evaluation in ASHRAE Standard 55 [1] With the
increasing level of living quality, people’s requirernent on indoor
thermal emvimnment has become an important concem, which
resulted in rapid development of HVAC (Heating, Ventilating and
Air Conditoning) technology and equipment,  meanwhile
enhancing energy use and emission of greenhouse gas. To deter-
mine a balance between thermal comfort and energy saving has
become a worldwide challenge.

An appropriate winter indoor temperature is rather essential for

* Cormesponding author. Depariment of Building Scence, Schoal of Archfescine
Tsinghua Linisersity, Beijing 100024, China_
E-muzil acddres: caoh ind i inghuasdu on (B, Caal

i< f i e v oorg ML G budlderme 20T 032006
3601373 i 3017 Elsewer td All mights nes ereed.

oocupants to feel comfortable in a newtral-cold environment.
Maoreower, heating energy consumption accounts for large parts of
the total building energy consumption |2].

In Eurmope, Nicol and Humphreys did research on occupant
adaptve behaviors and established equations for adaptive therral
comfiort [3] [4]. More field sudies were also conducted in different
European countries, such as UK, Ialy, German, and Portugal [5—8].
Thermal comfort studies, especially through field measurements
and inwestgations have attracted increasing attentions in China
since late 1990s. Regional differences in China are significant
because of various climate zones, different building characteristics
and different living habits. Bazed on the field survey results from 12
Chinese cites, separate adaptive thermal comfort models have
heen established for fourdistinct Chinese climate zones by Yan el at
|9]. Other researchers have conducted field studies inspecific types
of cimate zones, incuding hot summer and warm winter zone
(Zhang el at [¥0]] 11]), hot surnmer and cold winter zone (Wang el
at [12]. and Liu el at [ 13] ), cold zone (Cao el at [14]), and severe cold
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ARTICLE INFO ABSTRACT

Articte history: The purpose of this study is to explore how a short-ternn thermal expenence influences thermal comfort
Received 11 September 2016 evaluation. Thermal experience, which refers to the previous thermal environment, may result in the

Received in revised form Formation of Some “memory™ on humans, When people enter another envimonment where the tem
s Nmul;ﬁ:h 2016 perature is differemt I’rrunlh.r previous one, the previoas ﬂp"l".‘ﬂl'-l.' rnagrm_nul_r im some differemt 'H.‘-h-ﬂz_!
Availabie online 14 D et 2016 and changes on the evaluations of thermal comifort, comparing with staying in a steady state condition,
In this paper, we mainly focus on short-term thermal experience within the time scale of minutes to
houwrs. Climate chamber experiments were conducted for analysis and discussion. The experiment we

mﬂmm designed had three sets of conditions: 1) started and ended at an air temperature of 20 °C, and expe-
Clasber experiment rienced higher temperatures i between; 2) stared and ended af an air temperabore of 25 °C, amd
Thermal semation experienced higher or lower temperatunes in bebween, and 3) started and ended at an air emperature of
Step-chamged lemperature 30 C, and experienced lower temperatures in between, The evaluations of thermal comifort of the
Adaptive thermal comfirt subjects at different temperature conditions were reconded by questionnaires. We found that both
comfort and discomfort resulted from the contrast between the curment and previous conditions. Even
though the initally poor thermal emaronment was improved a litthe bit, the evaluation of the thermal
comlort would be improved a lor Sdditionally, e decrease of termal sensation caused by cold stim
ulation was more olwious than the mcrease doe o hot stimulatione People’s svaluations could e
considered a5 a combination of hath the past and the present feelings,
& 206 Elsevier Lid. All rights reserved.
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The purpose of this study was to explore how the human body adapts to an environment as the temper-
ature changes, and to describe the relationship between the objective skin temperature and subjective
thermal evaluation. The influence of short-term thermal experience. which based on minutes and hours
scale, could be considered on the prediction of thermal sensation. Usually, the indoor temperature set
point is close to newtral. in which state the heat transfer bebween environment and human body is at
a low level. Therefore, we mainly focused on the changes from non-neutral to neutral, to observe the
effects of thermal experience in newiral environment. A chamber experiment was conducted with 20
subjects and used five conditions. The control group was maintained at 26 “C. The other conditions con-
sisted of two phases in which subjects were exposed to a hot or cold temperature for a period of time and
then go into a 26-C room, which is considered a neutral environment. We measured the skin tempera-
ture on the chest, upper arm, and lower limb. The subjects were asked to complete thermal evaluation
guestionnaires about thermal sensation, thermal comfort, and thermal acceptance. The skin temperature
of subjects varied for the different conditions. We found that even if a poor thermal environment was
improved slightly, the thermal satisfaction of subjects increased significantly. This study describes bwo
methods for the predsction of thermal sensation, and the results contribute to our understanding of the
mechanism of adaptive thermal comfort.

Keywords:

Thermal experisnce

Ekin temperature
Thermal s=nsation
Adaptive thermal comfort

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The development of technology allows people to create indaoar
environment according to their requirements. More and more
buildings have been in pursuit of a steady state indoor environ-
mient at the expense of high-energy consumption | 1.2]. In addition,
the single and general control standards of a steady state thermal
environment may ignore climate differences, or do not consider
dynamic changes in human activities | 3]. It is necessary to carefully
think ower the real demand, and then determine efficient strategies
to maintain an appropriate thermal environment.

1.1. Current state of the research

Thermal comfort is a concept wsed to describe mental satisfac-
tion with the thermal environment, and it is usually assessed by

¥ Corresponding author at: Department of Building Science, School of Architec-
re, Tenghusa University, Beijing, Chima.
E-mod address: cachim@izinghuaeduon (B Cao).
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OIFE-TTRE @ 2017 Elsewizr B V. All rights reserved.
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subjective evaluation [4]. The Predicted Mean Vote (PMV) model,
which was established by Fanger, is the maost recognized thermal
comfort models. This model as developed using principles of heat
balance and experimental data collected in a controlled climate
chamber under steady state conditions |5]. On the other hand, an
adaptive model propased by de Dear and Brager, emphasized that
human body could adapt to the surround ings in three ways: physio-
logical acclimatization, behaviowral adjustment, and psychological
habituation [6.7]. The development of this theory based on hun-
dreds of field studies with the idea that occupants dynamically
interacted with their environment. And this model provided us a
dynamic perspective in thermal comfort research.

Generally, the PMV model is applied to air-conditioned build-
ings, some studies indicate that the comfortable temperature range
of these buildings is becoming narrower than before |E]. This leads
to an increased consumption of energy by HVAC systems [9,10].
However, Arens found that thermal comfort satisfaction could
hardly be improved by steady state control even with high prec-
sion contrad | 11]. Additionally, being in a constant air conditioned
environment for a long time reduced the excitability of hot or cold
stimulation, and did harm to human health [12]. In contrast, the
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Generally, ventilation with outdoor air is wed 1o directly remove heat in the top sone of Lrge-space
buidldings o @nderve energyl However, this will increase the litent cooling losd becihre a Large
amoun of humidity can be introduced 1o the interor when the outdoor air is lumid. Therelore, 2 mew
method that inmrporates a natural cooling water syspem in the top rone and does nol introduce
mdistwre is propoded in this study. The coaling tower 25 fhe source of natwra ] oooling water and dry Cin
ondl umit (FOUS) a8 the te rminal of removing heal were $elected a3 an example of this new method In
ardder Do anahye the energy saving potential of tee new me thad, 9 cases involving dilferent heat Source

i‘?.‘;::mﬁ distribagions amnd citied were simulited by CFD, and 3 mone caded with tee traditional me thod wene
Large spac discusted The results show that the traditonal method inmestes the system energy consumption when
MWatural maling the cudoor air humidity is high, amd the bigges growth rate is ST40 But, the new method can be
Dy FQU applied in different cities and in dilferent heat sounce distributions, and can adhieve 3 condider ably high
Energy saving energy saving rate, ranging from 52% 1o 2145 The energy Saving rabe increes 55 the heat sounce ratio
beerween the bottom 2ome amd top 2omne deoexies, becade more heal an be removed by the dry FOUs.
The energy sang rabe varies by cty, due to the dillerent oooling water tem peratune. This mew method

will help guide the dedign of HVAC systems in Lirpe-space buidings.
@ 2017 Elevier Lid. All rights reserved.
1. Introduction buildings is high, and maost of it dedicated to the heating, ventila-

According to Annex 26 in the International Enerzy Agency (1EA)
project, a large-space building i defined as an enclosed ventilated
air space that is partly occupied and contains various heat and
contaminant sources |[1] Recently, large-space buildings have
begun to develop quickly in the world and have become very
popular in the design of modem buildings. Large-space buildings
include not only civil buildings, such as atra, shopping malls,
concert halls, sports centers, railway statons, and airport terminals,
but alo industrial buildings, such as various manufactories,
warehouses, mines, refineries, and power plants. Due to the large
height and width of the space, large ratio of external walls to
interior walls, dense oocupancy, abundance of equipment, and
long+time opertion, the energy consumpton in large-space

* Corres ponding anthor Depantmen: of Bui lding Scence, School of Anchiesore,
Tsinghua Unfversity, Bedjing 00024, China.
Emual address: xtingli@tsinghuaeducn 3 LiL

hip: [fdhe o org | W 1] | build eme 207708019
O360=133 & 3077 Elsewier Ltd All rights ressrved.

tion, and air conditioning (HVAC) system [2—E] As a rmesult,
research on the energy saving potential of HVAC in large-space
buildings is attracting increasing atention.

Thermal stratification is common in large-space buildings, and
has been measured on-site and confirmed in real buildings, such as
a hospital hall [9], stadium | 10,01], aircraft hangar [12], airport
terminal [13], power plant [ 14 ], and industrial factory | 15 ] Usually,
only a small pordon of the entire wolume is occupied in large
buildings, and high energy efficiency may be achieved by directing
conditioned air only to the coccupied zone. Therefore, the stratified
air-conditioning systern, first proposed in the 19705, is a commaon
choice for large-space buildings. This type of systern guarantees
that the occupied zone at the bottomn to be thermally comfortable
and offer acceptable indoor air guality (1AQ) by supplying cooling
airat aspeed of 3 0—75 m/sat a height of 3—5 m [916—22]. Because
of the thermal stratification effect and the large number of high
temperature heat sources, such as solar mdiation, strong lights,
large screens, and electronic panels, the air termperature in the top
zone could be very high (=40°C) [10,34,18,23]. The heat suspended
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Analysis of local-scale urban heat island characteristics using an
integrated method of mobile measurement and GIS-based spatial
interpolation
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Local sals

Lirban heat island
Mo b megsurement
Clehaned

Sparial inerpalaton
Urban patierns

Auraid 2 complex wiban region with diversified urban pattems, the local climate wually vanes with time
and space. Achieving socurate local dimatic charade dstics by using efficient field survey method @n-
tributes o providing theorsticsl support amnd tedindcal elerence for climate-conscions ea-cily oo
struction. This study takes the Shenrhen Overseas (uinese Town (0CT) &8 research ares, and mainly
Toouses om the ko Fcale wrban heat island (UH ) characteristic under different wriban pattems. An
eflicient method by integrating both the maobdle measurement and GI5-baded spatial interpal stion is
proposed and applied. By applying temporal comediong o the obtained mobile data, the local UHI in-
temsities (LLIHN ) along the mobile mowte ane expressed Then based on the LFHI val wes along the mokile
rinnte, thiee main spatial interpolition methads (SIMS) are redpectively applisd to obtain the LUHI
A patial distributions within Che wheole OCT. The S patial distrilbation re sl s illuserate that the LUHI witlsin
the OoCT expresis aobwvious spatial-temporal charscterisics Further verilying the resulls of SIME with 24
fheld medturement data, the thres SIMS predent tolal e rage mean dbdolwte erms (MAE) and mdot mean
Safjusnre @ rrod (RMSE ) values of sbowt 3 *C Then quantita tive ellects of tree wban pattern indicators on
LITHIT are discussed amd two equations for expresing the LUHD in two Sexsons demonstrate that
decranting the buwilding dentiry could help relieve local-scale UHI effeors

& 2017 Elevier Lid. All rghts reserved.

1. Introducton

common views in urban spaces | 23] During the current urban
construction, realizing energy-saving and environment-friendly

UMFPA (2015) suggests that the world population will grow to
nearly 10 hillion by the middle of this century, and by 2050 about
GEXofthe word population will be livingin cities [ 1]. This dramatic
growth has been accompanied by increasing urbanization and
accelerating migration. Many hurman production and construction
activides hawe greatly changed the original natural underlying
surface materials and spatial geometric forms. Instead, tall dense
buildings and impermeable asphalt roads have gradually become

* Cormesponding author. School of Municipal and Emdmnmental Enginesing,
Harbin Institute of Technology, Mo73, Huanghe Road, Mangang Dismict, Harhin
150000, China.

Bl @dobrews: i a8 163 oo () Lin)

hiap: (e o org | W 1M ]} il e A0T202.013
O360-13E3)& 2017 Elsewvier Ltd. All rights

eco-City zone is rising up the agenda. Outdoor local climatic char-
acterigics not only affect the building cooling/heating loads but
also influence the hurman comfortable feelings |4—6]. Therefore,
achieving accurate local climatic characteristics contributes to
providing theoretical support for climate-conscious eco-city
Constrcton

Number= of recent researches have shown that the diversified
urbanization has changed the background meteorological condi-
tions in urban space and generated varied urban dimates in
different scales [7—9]. Espedially, inurban areas which usually have
multi-functonal land use fypes and diverse land surface spatal
layouts, local-scale areas can cause various typical local climates.
For example, the Local dimate Zone (LCE) scheme which was
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Abstract

Robust ealibration and validation of applied urban madels are prerequisites for their successful,
poliey-cogent use. This is particulardy important today when expert assessment Is questioned and
closely scrutinized. This paper proposes a new model callbration-validation strategy based on a
spatial equilibrium model that incorporates multple time horizons, such that the predictive
capabiliies of the model can be empirically tested. The mode Is implemented for the Greater
Beijing city region and the model validation strategy is demonstrated over the Census years 2000 to
201 0. Through forwardbaclward forecasting, the model validation helps to verify the stability of the
model parameters as well as the predictive capabllifes of the recursive equilibrivm framework
The proposed modelling strategy sets a new standard for verifying and validating recursive
equilibrium models. We also consider the wider implications of the approach.

Keywords
Madel validation, spatial equillbrium, land use transportation interaction (LUTI) madels, recursive
dynaries, model eallbration

Introduction

Urban land use and transport interaction (LUTT) models have been the mainstay of practical
policy analyses over the past decades. Originating from early applications of spatial
interaction (Batty and Mackie, 1972; Echenique et al, 1969 Lowry, 1964), the model
structure and equations have undergone remarkable transformations through, eg. the
incorporation of general equilibrium theory in urban and regional economics (Anas and
Liu, 2007; Bricker, 1998) on one end of the spectrum to the adoption of disagpregate,
microscopic and apent-bhased spatial simulation on the other (Heppenstall et al., 2011).
In contrast, research into the predictive capabilities of these models has progressed less
quickly. Model validation in its strict sense (i.e. comparison between model outputs and
observed data that have not been used in model calibration) is just as rarely practised today

Correspondng author:
Li ¥van, University of Cambridge, Cambridge CB2 ITH, UK
Email: hwd23iEeam se uk
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The influence of building packing densities on flow adjustment
and city breathability in urban-like geometries
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Abstract

City breathability refers to the air exchange process between the flows above and within urban canopy layers (UCL) and that
of in-canopy flow, measuring the potential of wind to remove and dilute pollutants, heat and other scalars in a city. Bulk flow
parameters such as in-canopy velocity (Uc) and exchange velocity (/g) have been applied to evaluate the city breathability. Both
wind tunnel experiments and computational fluid dynamics (CFD) simulations were used to study the flow adjustment and the
variation of city breathability through urban-like models with different building packing densities.

We experimentally studied some 25-row and 15-column aligned cubic building arrays (the bullding width B=72mm and
building heights #=F) in a closed-circuit boundary layer wind tunnel. Effect of buillding packing densities (4,=4~0.11, 0.25,
0.44) on flow adjustment and drag force of each buildings were measured. Wind tunnel data show that wind speed decreases
quickly through building arrays due to strong building drag. The first upstream building induces the strongest flow resistance.
The flow adjustment length varies slightly with building packing densities. Larger building packing density produces lower drag
force by individual buildings and attains smaller velocity in urban canopy layers, which causes weaker city breathability capacity.

In CFD simulations, we performed seven test cases with varous building packing densities of i~i~0.0625, 0.11, 0.25,
0.36, 0.44 and 0.56. In the cases of 4~4~0.11, 0.25, 0.44, the simulated profiles of velocity and drag force agree with experiment
data well. We computed U, and /g, which represent horizontal and vertical ventilation capacity respectively. The inlet velocity at
2.5 times building height in the upstream free flow is defined as the reference velocity U/« Results show that Ug/U,.; changes
slightly (1.1% to 0.7%) but U//U, 4 significantly decreases from 0.4 to 0.1 as building packing densities rise from 0.0625 to 0.56.
Although Ug is induced by both mean flows and turbulent momentum flux across the top surface of urban canopy, vertical
turbulent diffusion is found to contribute mostly to U
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-NDD license
(hitp:ffereativecommons.org/licenses/by-nc-nd/4.00.

Peer-review under responsibility of the organizing committee of the Urban Transitions Conference
Keywords: City breahability; Exchange velocity; In-canopy velocity; Flow adjustment; Building packing densiy

* Corresponding author. Tel.: +86 20 8411 0375; fax: +86 20 8411 0375,
E-mail address: hang)3(@mail sysu.edu.cn

7



A Socio-geographic Perspective on Human Activities in Social Media
Ding ha Mats Sandberz. and Bin Jiang

Faculty of Engineering and Sustainable Development
University of Gavle, SE-801 76 Gavle, Sweden
Email: ding.ma'mats sandberg|bin jiang@hig se

{Draft: May 2013, Revision: June 2015, March, June, Novembear 2016)

Ahbstract

Location-based social media make it possible to understand social and geographic aspects of human
activities. However, previous studies have mostly examined these two aspects separately without
locking at how they are linked. The study aims to connect toro aspects by investigating whether there
iz any cofrelation between zocial connections and users’ check-in locations from a socio-geographic
perspective. We constructed three types of networks: a people—people network, a location—location
netwerk, and a city—city network from former location-based social media Brightkite and Gowalla in
the U.5., based on vsers’ check-in locations and their friendships. We adopted some complexity
science methods such as power-law detection and headtail breaks classification method for analysis
and visnalization. Head/'tail breaks recursively partitions data into a few large things in the head and
many zmall things in the tail By analyzing checl-in locations, we found that users’ check-in patterns
are heterogenecus at both the individual and collective levels. We also discovered that users’ first or
most frequent check-in locations can be the representatives of users’ spatial information The
constrocted networks based on these locations are very heterogeneous, as indicated by the high ht-
index. Most importantly, the node degree of the networks correlates highly with the population at
locations (mostly with R-sguare being 0.7) or cities (above 0.9). This correlation indicates that the
geographic distributions of the social media users relate highly to their online social connections.

Keywords: zocial networks, check-in locations, natural city, power law, head/tail breaks, ht-index

1. Introduction

The rapid advances in information and communication technology, mobile technology and location-
aware technology have tremendously reshaped the ways how social, political, economic and
transportation systems work in today’s globally connected world. The advanced technologies malkee the
human activities significantly transit from the physical space to virtnal space. or a hybrid of physical
and virtual spaces (Shaw and Yu 2009, Yu and Shaw 2008). The change cccurred in large part
becauze virtual space comnects people and enables information to flow without spatio-temporal
constraints. The digital tiez among people give us great potential to further study human activities
since social and physical spaces are inherently constituted with one another (Jones et al. 1997). Social
netwerk analysis has conventionally been used for geography about human activities at the aggregated
level, e.g. in studies about migration and politics (Murdoch and Marsden 1995, Gueo 2009). In recent
vears, the widespread use of social media like Twitter, Gowalla and Brightlkite has made it possible to
exploit social connections and activities of users using the location-related information (e.g. Scellato et
al 2011, Suvi and Goodchild 2011, Hawelka et al. 2014, Li et al. 2014). Location-related information
haz been developed inte diverze forms, ranging from check-in locations to various location-embedded
media (e.g. video, photo, and text) and has gradually become a useful tool for people to communicate
each other. Location-based social media data, therefore, can potentially bridge the gap between social
science and geospatial information science (Zheng 2011, Yin and Shaw 2013).
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