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Abstract

China has historically been an agricultural oatiC h i rudbanization ratevas reported to be

18% in 1978w~henit began its economic refms It hasnow becane the second largest

economy in the worldUrbanization in China increased draticallyin support of this economic

growth, tripling to 54% by the end of 2013. At the same time, many major urban problems also
surfaced, including environmental degradatilack of affordable housing, and traffic congestion.
Economic growth wil/ continue to be China’s <c
cities are seriously challenged to support continuing economic growthawigh quality of life

for ther residents, while addressing the exigtbig city diseasesTheterm® Smar t Ci ty” be
to appear globally around 2008. Embracing the concept allows China to dowtsspedgious

national approacto a morananageableity level. By the end of 2013 hina has designated at

least 193 locations to be smart city testssiéenational urbanizatiorign followedin March

2014. The direction of urban development and majuallengesre identified in this paper

Some of them are global in natyend some unique to China. The natmah undoubtedly

continue taouild their smarteritiesin the coming years The first integrated public information

service platfornwas implementeébr several test siteaa 2013. It provides a orgtop center fo

millions of cardcarrying residents use a secured smart card to perform previously separate

city functionsand consolidate data collectioifhe pioneering systeimreal work in progress

and helg to lay the foundation for building urban informatiosChina. This papealso

discusses thevolving research needs and datathtions, observ&a smart city in progress, and

makes somecomparisons with the U.&nd other nations.

Keywords: Urbanization, Smart City, Statiss, Big DataUrban InformaticsChina
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Seeing Chinese Cities through Big Data and Statistics

Background and Overview

China has historically been an agricultural natitie.urbanization rate wa®ported to
beaboutl1% in 1949 and8% n 1978. Subject to differencein definition (Qiu, 2012)the U.S.
urbanization ratevas estimated to ket 74%in 1980(U.S. Census Burea990)

1978 was also the year China began its economic relorm® wn as “ Soci al i snm
Chinese characteristicslt introdued market principle andoperedthe countryto foreign
investmentfollowed by privatization of businesses dodsening of state controi the1980s.

In the last 36 year€hinaleapfrogged from the ninth to the second largeshemy in
the world in gross domestieqrluct (GDP), surpassing all other countries except the U.S.
(Wikipedia,” Li st of count r i.elThe pbverty ate B Clindropped froanl8%9% )
in 1981 to 13% in 2008Norld Bank,“Poverty headcount ratio at $1.25 a’'tlgy

Throughexpandingpopulationand land annexatigmrbanizationn Chinaincreased

dramaticallyin support of this economic growtfiTable 1 reproducefi¢ State Cournlcof China

(2014) report abouhe growth of Table 1. Numberof Chinese Cities 197€010
Chinesecities from 193 in 1978 to Population 1978 2010
658 in 2010.Wuhanbecanethe Cities 193 658
seventh megacityn 2011 No 210 nii Megacity n 0 6
) . 5-10 milliori Extra Large City 2 10
U.S. cityqualified to bea 3-5 milliori  Extra Large City 2 21
megacityin 2012(U.S. Census 1-3 milliorf  Large City 25 103
Bureau’ Ci ty and Town Toltmgr ¥id-sizeCity 35 138
) B D <0. 5 "mBrhall Citg n 129 380
Vint age Thaur zat&)n Towns 2,173 19,410
ratein Chinatripled from 18% in Source: The State Council of China (2014)

1978 to 546 by the end of 2018\ational Bureau of Statistics of China, 2014)
Migration ofrural workergo meet the urban labor neetscounted for most of the
growth of hie Chinese urban populatiom711million. However, mder theuniqueChinese
household registratiorystemknown as Kikou( Wi ki pedi a, ftheudgistearedSy st em”
rural residentdiving in the city arenot entitled tahe government benefitsf the city, such as
health carghousing subsidy, education for childrgol training,andunemploymeninsurance

Conversion from the rural to urban registration staasbeen practicaliynpossible.
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This disparity ha Figure 1. Urban Residency Rate and Urban Houkou Rate

becomea major mncernfor (19782012)
55% - 52.6%

social digontentin anation of 50%
45%
almost 1.4pillion people 40%
35% -

Although 52.6% of the Chinese 0% | _.,,,///*H 35.3%

population lived in cities in 25% |

—-Urban Residency Rate

-e-Urban Hukou Rate

20% —e—e—e—e—*"""
2012, only 35.3%uvere pfomatt og

10% f f f f f f f f
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gapof 17.3%is known as the Source: Thétate Council of China (2014)

“ f | o populatiof amouning to 234 million peopleand well exceeding the entire U.S. labor

registered urban residents. Th¢

A\)”4

force of 156 million peopleFigure 1shows that this gap has been widening since 1978.

In addition to the social Figure 2. Population Density of Chinain 2010
inequitycaused byhe Hukou
system, there is an increasing
geographical divide. Figui2
shows that the easnh regionof
China ismoredensely
populatedhan the rest of the
nation(Beijing City Lab, 2014)
Five out ofthesix
megacitiesn 2010are located
onthe east@ast These
megacity clusters occupy only o
2.8% of t he n altSpurgepeilingCity lakg2pl4 ar e“ a,

but contain 18% of the population and 36% of the GRile the east coast is increasingly

suffocated by people and demand for resourcegdhiealand the wegrnregions lag behind in
economic developmeiind income

Reliance on urban land sale and development to generate local revenue during the reform
process has led to high real estate and housing prices and caviflidise preservation of
historical and cultural sites in all regions. Conversion of land fronew@grral use is also

raising concerns about future food supply.
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Atthe sametime, b i g i & ietaspriadecand becme prevalent in Chinancluding
environmental degradatiomadequatéousing, traffic congestigtreatment of sewage and
garbagefood securityandrising demand for energy, water and other resouretmy of these
issues haveeen discussed domesticadlyd internationallye.g., Henderson, 2008hang,
2010a and 201QkJnited Nations Development Program, 2Q13)
So, where is China heading in termsemfonomic growth andrbanization?Theanswer
to this question is unambiguoughe urbanization goaif 51.5%for the 12" Five-Year Plan
(201x2015) has already been exceeded (National F
The2014Report on the Work of thehineseGovernmentK. Li, 2014), which issimilar
to theannualState of the Union inthe U.S., statkat* e c onomi ¢ gr owt h r emai n
solving all(of Chind )groblem§and ur bani zati on | atibntatdean sur e r
i mportant basis for integrating the urban and
On March 16, 2014, the State Council of Chjid@l4)released its firssix-yearplan on
urbanizatiorfor 20142020 The comprehensive plan cov&gparts 31 chaptersand 27,000
words providing guiding principlespriorities for development, and numerieaid qualitative
goals. Under thisplan, China sets a goal of 60% for its urbanization by 2020
In otherwordsinChind s pursuit of moder adormmipgrowthper i t
and urbanization will continue to litss central policy in the foreseeable futuréowever, nore

balanced effortare pledged to managfee big city diseaseand toimprove thequality of life.
Approach and Goals

In the early days of reform, Chinatookthetaade r r or approach of “fe
to cross the i vwheninfrastructure and optionvgere lacking.Over time the originalsimple
economic goals were challenged by conflicting cultural and social vaMere gientific
evaluationsare neededo minimize costly mistakesadeby instinctivedecisions.

After 30-plus years of refornChinese President Xi Jinpirfg014)acknowledged tht
“ ...t h éerrefanssthat ®uld make everyone happyhavealreadybeen completed. The tasty
meat has been eaten. Liphe rest are tough bones to crack other words, difficult choices
willhavetobemade n Chi na’ s .ref orm process

Chinese Premier Li Kegian@014)pledged to carry outpeoplecentered urbanization

in his 2014work reportandcitedthreeprioritieson threegroups of 100 million people each
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1 Grantingofficial urbanHukoustatusto Figure 3. Contrasting Buildings in Shanghai

—— B B

100 million rural gople who have
alreadymoved to cities
1 Rebuilding rundownshantycity areas
and villages inside cities whet®0
million peoplecurrentlylive (Figure 3
showsan image otontrastingouildings
in Shanghai, the largest city in China)
91 Guiding the urbanization of 100 million
rural residents of the central and weste "
regions iro citiesin thar regions :
Table 2 reproducethe 18 key numerical
goals for 2020 lang withthe 2012 bechmarks
underthe national urbanizatiorign.

There are now two kegoals in regard to

Source: UNHabitat 014 o

the urbarpopulation raising the level of

residents living in cities to 60% and the level of registered urban residents to 45%, thereby
reducing the floating population from the current 17.3% to 15% in six years. Th&eyher
goals promote the assimilation of migrant rwakkers into city life, improving urban public
service and quality of life, and protew land use and the environment.

There are less speciftpualitativegoals in the national urbanization plan. For example,
Chapter 17 mandatesr“Thnes”Di sateiachscang. FoTh
defined as areas forbidden from, restricted from, and suitable for construction respectively.
Four types of zones will be drawn by color lines: green line for ecological land control; blue line
for protecion of water resources and swamps; purple line for preservation of historical and
cultural sites; and yellow line for urban planning and development.

How these districts and zones will be created and sustained has nepbeifed

China is pressing farardwith concurrent modernization in agriculture, industrialization,
information technology, and urbanization. Under the urbanization plan, the central government
is responsible for strategic planning and guidance. Authority is delegated to the pianaci

municipallevels through political reform. Local administrators are encouraged to innovate,
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build coalitions, make pilot tests, formulate antplans, and implement orderyodern

urbanizatiorunder bcal conditions.

Table 2. Numerical Goals ©20142020 National Urbanization Plan

Indicator 2012 2020
Urbanization Level
1. Permanent Residency Urbanization Ra%# 52.6 60
2. City Registration Urbanization Raté6” 35.3 45
Basic Public Service
3. Children of Rural Migrant WorkelReceiving Educatién %~ >9!
4. Urban Unemployed, Rural Migrant Workers, and New Workers Receiving Free .
Training %~ >9!
5. Social Security for Permanent Urban Residents 66.9 > 9|
6. Health Insurance for Permanent Urban Residefts 95 98
7. Housing Security for Permanent Urban Resifedt 12.5 22!
Infrastructure
8. Public Transportation in Cities of Over 1 Million Residents™ 45* 60
9. Urban Public Water Supply%” 81.7 90
10. Urban Sewage Treatmen¥%” 87.3 95
11. UrbanGarbage Treatmént%~ 84.8 95
12. Urban Family Broadband Coveragmegdit per second 4 >5 |
13. Integrated Urban Community Service®™ 72.5 100
Resources and Environment
14. Per Capita Urban Construction Land Usguare metér <10
15.Urban Renewable Energy Consumptio%” 8.7 13
16. Urban Green Buildings as SharéNeiw Buildings %" 2 50
17. Urban Green Area in Developed Afed%™ 35.7 38.9
18. CountyLevel or Above City Meeting National Air Quality Standard®” 40.9 60
Notes$
*2011 data

Social Security Coverage: Permanent resident does not include under 16 years old and students
Urban Housing Security: Includes public (subsidized), peticyated commercial, and renovated housing
Per Capita Land Use National rule: standard urban use-@3.8.0 sq. m. new cities 85.4-105.0 sq. m.

National Urban Air Quality StandafdsOn top of 1996 standards, add PM2.5 and ozehews average
concentration limits; adjust PM10, nitrogen dioxil®d concentration limits

Source: The State Council of China (2014)

Conversion from rural to urban Hukou registratismowofficially allowed and
encouraged, but the procegsl be definedby the individual citiesunder the general rule that
the conversion will be more restrictive thg populationof the cityincreases
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Implementation of therbanizatiorplan will becomplexand challenging” Feel i ng t he
rocks to cross the r i v ealdhe apmoach.dlerdiseenognition ade qu a
t hat t o ddavglopmentequibea anproactive, dathivenstrategythat must be efficient

and innovative with intelligent use of the latest technologies and information.
Emerging Role of Statisticsand Techndogy

Thenationalurbanizationplan providesan unprecedented opportunity statistics and
technologyto supportand monitoithe implementation of policiga China Chapter 31
prescribes the role alefining metrics, standards, and methodssiablish a sound statistical
system, monitoringhe activities dynamicallyand perforrng longitudinal analysis and
continuingassessmemf the progress of urbanizati@ecording to the development trends

The specification of dynamic monitoring and longitudinal analysis reflects advanced
thinking, compared to theurrentstatic, crossectional reportsYet howthe statistical
monitoring systenmwill be implementedlsoremains unclear at this stage.

Therear e many ways to cross a river. “Feel ir
euphemism for taking a tri@nderror approach when the Chinese economic reform began in
1978. While it isstill an important part of scientific discovery, total reliance on tnal error
can be inefficientcostly, and even dangerodisr thegovernance o nationor acity.

More preferablés to measure the depth of the river at different times, cokdsvant
and reliable data, analyze the results scientifically to search for ideal crossing points, evaluate the

pros and cons of the options, and make informed, intelligent desgidimatmany can cross the

river fairly and safely. Figure 4. The DIKW Hierarchy Model
Many developed nations have

been using this dat@driven approach to isd

manage knowledg®r theirbusinesses

(e.g., Sain and Wilde, 2014t is the KnOWIGdg

assumed approach that China will alsp

takefor governancén this paper Information

Figure 4 shows Batalnformation
KnowledgeWisdom (DIKW) Data

hierarchy model forttis process

Source: Wi kipedia, “DIKW Pyra
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The foundation of scientific knowledge and wisdom isligene factsand collect data.
However, @tain their raw form have little or no meaning by themselvdet all data have
adequatenformation value or are useful feffectivedecision making.

Statistics, both as a branchsaience foknowledgediscoveryand a set of measurements,
provides context and value by converting useful data inttevantinformation Knowledge is
gainedand accumulated from informatioandused ashe basis for makingiisedecisions.The
decisions willnotbe correct all the time, but the scientific process prosefteiency and
minimizes errors, especiallwhen conductedith integrity, objedity, and continuous
improvement

Technology is noéxplicitly shownin the DIKW modelbecausefte conceptwas
practicedwell before moderimnformationtechnologybegan teemerge in the 19503 oday the
base of the pyramid is greatly expandeddnhnologyandthe transformation of data into
information isacceleratd. However, the process is also contaminatetiype,useless datand
misinformation(Harford, 214, Wu, 2014)

a. Traditional Statistics and Big Data

Censuglatahave been used for governance of nations for centulegnsus is
comprehensiviebut data collection is costly and time consumingpf@mducing staticesultsat a
point in time Random surveywerelaterintroduced based on probability thedoyproduce
scientificallyreliable informatiorwith proper design andrelativelysmall amount of data.

Together ensuses and random surveys form the statistical foundzged orstructured
datal Webopedi a, “ ibtheafcantury Baveloper hatich§aveusedthem
effectivelyfor policy and decision makingvith design and purposeverthe past hundregears

At the turn of thiscentury, massive amounts of data begaapioear in or wereonvered
from analog to digital formallowing directmachine processingf{lbert and Lopez, 2002 At
the same time, huge storage capacity and computing power became available at reastnable co
It is definedin this papems the beginning of thgig Dataera. Big Data wasotawell-known
termin Chinauntil Tu (2012) publishethefirst Chinesdanguage bookn the topic

Unstructureddata( Wi ki pedi a, “ Uanedypicalyodated bgahsos,at a” )
social mediae-Commerceandautomatedources Here hemeaningof datamayexpand

beyondnumbergo includetext, map,image, soundand multimedia Their sheer volume and
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dynamic nature provide enormous possibilif@sapplication On the other handgncomplete
andunstructured data are difficutt procesand mayevenbe meaninglest® analyzein the
absence oflesignandpurpose. Althougldatamining is commonly mentioned agpeomising
approach to extraahformationfor commercial purposetheirreliability and value can be
suspectespeciallyfor the purpose ofovernancde.g.,Marcus and Davi£014 Lazer, Kennedy,
King, andVespignani2014. Few of thekey numerical goals in the national urbanization plan
can be measuradeaningfully orreliably by unstructured data.

Integration of Buctureddata derived fronadministrative record® create longitudinal
data systemwas the first realized benetf Big Data for government statistics.

Under the Longitudinal Employgfousehold Dynamics (LEHD) program, the U.S.
Census Bureamerge unemployment insurance dasacial security recordsax filingsand
otherdatasources witttensus and survey data to creamtengitudinal frame of jobsilt is
designed to track every worker and every business in the mti@micallythrough the
relationship of a jolzonnecing them with dataupdatedevery quarter.Thecomprehensive
longitudinalsummariegprotect confidetiality. Theyprovide insightabout patterns and
transitions over timewhichare not available fronthe traditionakrosssectional statistics.

Similar efforts to build longitudifadata systems for educatigpata Quality Campaign,
n.d.)and healthcare Wi ki pedi a, “Health I nformation Techn
He al t harednderwayn the U.SThe 2020 U.S. census wdlso be supplemented by the
integrationof administrative recorddvorello, 2014).

b. National Basic DataSystemsand ldentification Codes

In principle, a nation is composed of its people, businegegsynmentand environment

which in turn form areconomy. More than a decade agbetState Councibf China(2002)

issued guidance to create four NationabB Data Systenes part oe-Government

longitudinal frame of people enterprisesandenvironmenigeographyespectivelywith the

fourth system asn integration bthe firstthreeto form aunified macreconomicdatasystem.
Thesenationwidedata systems possess the desired characterisacldtentury

statistical systeniGroves, 2012Wu, 2012; Wu ad Guo, 2013) Theyhelp totransition the

Chinesgovernment’'s role from cent restdblismontr ol to

foundation for data sharing and est®p integrated service nationwide.
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Heavy invesinent followedto establisrand implemendtefinitions, identification codes,
standard, and related infrastructure

Identification codesra the ke to unlocking the enormous power in Big Déi#u and
Ding, 2013) A well-designed codmatchlesand mergselectronic records, offsprotection of

identity, provide basic decription and classification, i . "
Y. P P Figure 5. Sample Chinese Citizen

performs initial quality check, and facilitatghe Identification Card

creationof dynamic frames
As early as 1984, China began to build an
infrastructurewith its citizenidentificationsystem S 5 fM < H

(Wi ki pedi a, “ResAshmplet Car«d .S‘ym-tuerm”l_
—

R

- -, - - .-y = 2§H1308§
Chinese citizen car(Figure5) displays thecitizen
identification code, name, gender, ethnicity, birthdate, “~ =~ 11010271114
address, issuing agency, davéissuance and
G PN EVB o 0} a1

expiration, and a photograph.
- ! 1 ” » :

The 18digit citizen identification code }I'l L‘« ¥ w Uk
introduced in 1999ncludes a Hukou address code,

birthdate gender, and a check digit.is issued and BEOx LRHARR

administered by the Ministry of Public Security. The s R e S
citizen code is uniquely and permanently assignedjt¢our ce: Wi ki pedia, “Re

the cardholder. The card is capable of storing biometric informalios increasingly required
for multiple purposessuch aghe purchase atrain ticket for travel.
The U.S. does not havecamparablanational citizen card system. Recent renewed
discussions about adding an image of the cardholder to the Soaiatyeard was meagain
with controversye.g.,Bream, 2014Eilperin and Tumulty2014)
China has also established the system of National Organization Codes under the National
Administration for Code Allocation to Organization§he9-digit organization codecludes a
check digit it is a uniquadentificationandlinking variableto store andetrieveinformation
about companies, institutions, communities, government agencies andegibtered
organizationsn Ching functioninglike the Employerdentification Numbein the U.S.

(Wi ki pedia, “Employer I dentification Number”)
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Chinahaslaid a sound foundation fdauilding dynamic frameshrough these initiatives
However, by 2008the national approadb createBasic Data Systemsas becoming too
complex with too many structurdégal,and practical obstacles to overcome.

Shen (2008) reported thahe Basic Data System on environment aedgyaphy was
essentially complete but lacked real applaat The Bag Data System ongpulation was
burdened byhe inclusion of over 100 variables, each vattifferent degree of sensitty. The
Basic Data System omterprises faced the strongest resistance to data sharing by various
agenciewvith overlapping respomslities. The Basic Dat&ystemon macroegnomicswas
stalledwithout the first threaedatasystemsn place

The LEHD program in the U.S. went througbmparableexperienes. The national
approactfaced resistance to data sharing so that the apphaatto bestrategicallyadjustedo
the state level befor@ata can bee-assembledo the national level

TheBasic Data Systems werelegated to longerm developmenintil the release of the
national urbanizationlgnin 2014 Mandates are novevived andssued for the accelerated
development and implementatioRor examplethe Basic Data S$fem on ppulationis
expected tdink to crossagency and croggional information systems for employment,
education, income, social security, hogsiaredit services, family planning, and taxatign
2020 Thecitizenidentificationcodeis alsomandated to be the onliggal standard forecording,

inquiring, and measuring population characterishdgShinathe same year
c. The Rise of SmartCity

The term “Smart @oballyatound 200&sanextensioratp reriaus
development of €&sovernment and digital cities I n general, a city
(Wi ki pedi a, wh &imvastmensi€human’and social capital atrdditional
(transport) and modern communicationfsastructurduel sustainableconomic development
and a high quality of lifeith awise management of natural resourt¢kesough participatory
action and engagementData collection, processing, integoat, analysis and application ae
the core of constructingmart dies.

In practical terms,mabracing the concept sfart aty will allow China to downscale the
original national approach tbemore manageable city ley&¥hile protecting past investments

andpermittingaggregdbn to the provincial oregionallevel.
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Table 3 describes the directiondevelopsmart cities as outlined in the national

urbanization planAt the end of 2013, th€hinese Ministry of Housing and Urb#&ural

Development has designated 193 locations to be smart city tegt $itesi d u . ¢ o m,

Smar't

(Xinhuanet.com2013. Theyare expected to spend thrgears to develop templates of cloud

Ci t y ThHegaetexp&cied te wndejgd years of experimental development

The Chinese Ministry of Science and Technolbgg alscmamed 20 smatrt city test sites

computing, mobile networks, amélated technologies fd@roadimplementation.

01

Table 3. Direction ofSmart City Development
Broadband Information Network

Replace copper by fibaptics. Implement fibeoptic network covering practically all urban families at connectio
speed of 50Mbps, 50% families reach Mbps, and some families reach Hig3 in weltdeveloped cities. Develop
4G network and accelerate public hot spots and WiFi coverage.

02

Information Technology for Planning and Management

Develop digital city management, promote platform development and expand functions, estatifisi aity
geospatial information platform and building (structure) database , build public information platform, coordina
digitization and refinement of urban planning, land use, distribution network, landscaping, environmental prot
and othe municipal infrastructure management

03

Intelligent Infrastructure

Develop intelligent transportation to guide traffic, command and control, manage adjustments and emergenci
Develop smart grid to support distributed access to energy and intelligeof electricity by residents and
businesses. Develop intelligent water services to cover the entire process from quality and safety of supply tc
drainage and sewage. Develop intelligent information network to manage urban underground space and pipe
Develop intelligent buildings to manage facilities, equipment, energy consumption, and security

04

Public Service Streamlining

Establish crossgency, crossegional business collaboration, sharing of public service information service systt
Use ofinformation technology and innovation to develop urban education, employment, social security, pensi
medical and cultural service model.

05

Modernization of Industrial Development

Accelerate the transformation of traditional industr@esmote use of information technology, digitization, and
networking to transition to intelligent service models for manufacturing. Actively develop and integrate inform
services, eommerce and logistics to nurture innovation and new formats

06

Refinement of Social Governance

Strengthen the application of information to monitor market regulations and the environment, credit services,
emergency protection, crime prevention and control, public safety and other areas of governance, establish ¢
improve relevant information service system, innovate to create new model of social governance

Source: The State Council of China (2014)

Current State

The issuance of a City Resident Cara concrete first stegf implementation for

aspiringsmart d@ies to provide onetop service andonsolidate data collection.

The multifunctionalcard may be used foosial security or medical insurangeirposes

as well as a debit card for banking and small purchases. Depending on the city, the City

Nat

0
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Resident Card may also be used for transportation, public library, bicycle rentals, and other
governmental and commercial functioret to be developed

During the application process, the citizen identification code is collected along with
identificationcodes forsocial security and medical insurance, resteé@udress, demographic

data, and fianily contact informationfacilitatinglinkage to othedata systems and records.

Thecurrentsmart : - :
_ _ _ _ Figure 6. Sample Smart City Resident Cards
resident cardm usein China

i i i o (xmmmpmunes (o i 20E -l E @ HiAREALAALE N LR - TRE
(Figure 6)vary from city to city,

Wy MR
P2 IREE P 123456789012345678

\)’W’“ # MWW L S

aé! HanRY% 888888888888888888
;J I % A30101051
6 308
L e
SRt R oLk S nor

buttheytypically contain two

.....

chips and a magnetic memory

strip.
Digital China(2013) a -
major technology service Cemmses ) mEmuassk — S A2 REGER)
ny XN 3 na %
prOVider in China,mplememd == ;::?:;Ts 12345‘67!&:”345«;7»« ‘ g:ﬂ:‘,‘m 1234567890123'152
the first integrated public W hisaati 5) ean s ol
. . . 0).6214 888 622202 8888888888888
information service platforrfor S A s
severalChinesesmart city test
Source: Bai ke.emai Cw.raddm, “ Resid

sitesin October 2013 It

provides a onatop center as an additional channel of service for millions ofezarging
residents, who can usiee secured smartacd to perform previously separate functions.

The city of Wuhan announced its “Wuhan Big
(20142018) " in April ( S mainctuaes thastablishmeotofreevetoud 2 0 1 4 )
computing centers on governance,-geatial informationgdata management, education,
multimedia, quality monitoring, and automobile network respectively.

On June 5, World Environment Day, the cityDmdngguarannounced the releasereft
time dataon four types oemission from its incineration plants in a publicly accessible website
(cnthw.net, 2014) Itis the first of its kind in China.

Urban Informatics

Theabovepioneeringactivitiesaremodest, buthey arereal work in progress anwiill

lay the foundation fourban informatics in ChinaThey represent the very earsultsof
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China’s total i ity desedoprmegtwihichis estimated o exaaad® trilloon
($322 billion) by 202%Yuan, 2014)

Urban informatics, meaning tiseientificuse of data and technology to study the status,
needs, challenges, and opportunities for citiegrasentlynot a weltknownconcept in Chinalt
coves both unstructured and structured data, collected with and without design or purpese.
defining characteristics afrban informaticsvill be the sophisticated application of massive
longitudinal data, integration of multiple data sources, and rapid and simple delivery of results,
while strictly protecting confidentiality and data security and @sgwaccuracy and reliability.

Chi na’ s uhashamrisks antd high potential returns enormous scale
implies potentialinefficiency and wasteAlthough experimentation is encouragerhan
informatics must crawl, walkand run at the s@ time. The urgendgaves littletime and room
for researcltand development

There aremany challenges and neddsstablishing urban informatics asaturefield

of study in China. W selecfour majortopicsfor discussion.
a. Need for Changen Culture

There is no assurance that internal resistance to data sharing and standards can be
overcomean Chinadespitemandates, political reforms, downscaling, and cloud comp(giig,
UPnews.cn, 2014)A majorrisk of a decentralized approach is the formation of incompatible
“informati on systenssadhnatstarapératavithia dr betweea cities.

This challenge is not unique to Chinghe U.S. hadnore than 7,000 data centers in the
federal ggernment alonein20la bout 6, 000 of them were consid
them do not communicate with eadher and are costly to maintaiilthough a major
consolidation initiative was startéy the White House 2010, progress has beslow
(CIO.Gov, 2014; Konkel, 2014)

However, pen datébasedyovernance ancesearch areelativelynew concepts in China.
Although ther valueis recognized and advocated in the central pl@henese officials are not
well knownfor their support of opemlata policy and data sharingy theirfull awarenessof
modernstatisticalor environmentaissues.

The principles of statistical quality control and management were first proposed by
Wal ter A. Shewhart (Wi kipedi a, izihgQQheadebft y Manag
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statistical met hods and profound knowl edge,
Japanwarpdstconomi ¢c miracl e” namodemenaintberU.St he qua
TheInternational Organization for Standardizat®000 series of standards are perhaps the best
known product on quality manageméndlayfrom the norgovernment organization made up of
members from 162 countrigscluding China While these statistical principles and thinking
originated in the context of industrial production, they are equally applicable to governance.
The National Bureau of Statistics of China relies heavily on data supplied by provincial
and local governmes. Interventiorand data falsification by local authorities aczasionally
reported in China (e.g., Wang, 201B);luding the famed GDHR:or example,ite incomplete
2013 GDP of 28 out of 31 provinces and ciadieadyexceeded the preliminary 201&dl
national GDP by ¥ trillion or 3.6% (e.g., D. Li, 2014redibility andpublic confidence in
C h i rstatistssare not high
Tu (2014) made an exceptional observatltat Chinghasnot yet developeda culture of
understanding and respdot data It is in sharp contrast with how the city of Helsinki in
Finland promotes open data witbstsharing andegionalism (Sulopuisto, 2014 hanging this
culture is a challenge without historigakecedenin China.

b. Need for Statistical Thinking andDesign

The Chinese statistical infrastructure is recent and fragile. T®ieCliinese decennial
censuon populatiorbegan in 1990 while the U.S. started 200 years earlier; the first Chinese
consolidated economic census was conduaidyl10 years ago i2004. Random surveys
seldom includeletaileddocumentatioron methodology

Requiringdynamic monitoring antbngitudinalanalysisby the Chinese governmest
refreshing in the national urbanization pldts implementatioiacesmanystatistical and
technologicalssuesincludingrecord linkage and integration, treatment of missing or erroneous
data,ensuringdata quality and integrityetrieval andextraction ofdatg scope of inferenceand
rapid deliveryof results Some ofthd er ms i n use, such as “talent e
and “ i nf o doandthavemominaomly a&cdepted definition or standard meaning.

In the collection of data aboutperson some of the characteristissich as gender and
ethnicityremainconstant over time; some change infrequently or in a predictable manner such as

age, Hukouand family status; some change more frequently such as education level, income
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level, employment, and locations of home and work;a@hdrschange rapidly such as

nutritional intake use of water and electricity, or opinion absetvicerendered. Measurement

of these characteristics must be made agpropriatdrequencycompletenessandquality so
thatreliabledatacan be collectetb easilyand rapidlydescribe anthfer about thepopulation

The definitions must be consistently applied across locations and time so that the results can be
comparedcand meaningful temporal or spatial patterns can be discovered and siligigcas

unit may extend from person to a family or a househol@iheseconsiderationglsoapply to an
enterprise or a defined gaspace.

Not all available Big Data are relevant fipvernancebut Big Data include the Basic
Data Systems in Chindntegrated, structured datantainsubstantlly richer informatiorthan
unstructured dataExtraction of information can be optimized if itdesigned an8uilt into the
top-level of the data ecosystem.

Nie, Jiang and Yang (2012) reportb@ disastrous consequenagsmismatchedecords,
outlying data, large variationand unclear definitions a Chinesenationallongitudinal data
system on enterprise§Vithout proper statistical design and implementation of quality control,
the data system does not support credible analysaiable conclusiondespite the high cost of
its creation and maintenanc&here are fewliscussions of statistical designneed for quality
control of data systenis China In generallargescalelongitudinal data systens reliable
longitudind analysisare currently lacking

Therearerecentcalls forexploring and understandiigS ci ent i f (Qc20Blj g Dat a
Jiang, 2013 It isa promisingsignthatChina may berepaedto makebetteruseof datain

scientific disciplines, in addition tilne currentcommercial ananarketing environments
c. Need for Integration of Technology and Statistics

Yuan (2014) quoted the reseafcm| DC t hat “roughly 70 percen
investments went to hardware installation in China, way higher thagiadbal average of 16
percent’ While China may betrong at hardwareerviceandsoftwaretend tolag behind
Technology andtatistics arein factdisconnected
Figure 7 shows a mature conceptual architecture for rapid delivery of business
intelligence (BI) to both casual and power users, who may be government officials, academic

researchers, the media, or the general public.
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Rapidinformationdelivery Figure 7. Conceptual Architecture for Information
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customer satisfaction

Online servicebased on smart riekent card and onrstopcenterhavealready yielded
somewelcomed relief to labeintensive administrative functions and retlan of somelong
waiting queuesbut current static monitoring reports are not connected to data collected from
online services in concept or in operatigkithough statistical yearboolesebeginning to
appear onhe, interactive queries aralynamic visualization similar to the American Factfinder
(U.S. Census Bureau, n.d.) are not yet available. Intelligent mapping applicatiias to
OnTheMap(Wu and Graham, 2009; U.S. Census Bureau, n.d.)dageot beernntroducedo
deliver custom maps and statistical repbesed on the most recent data in real time

d. Need for Statistical Innovation

Statistics is the scientific study of dabig or small Although it has a long histarit is
notfully developedn some areasThe common belief that a large amount of datigrnms of
file sizewill be able to provideeliableinference about a population is misguigdprevailing
statistical theoriedo not support analyses whatsta are not collected accordingpt@babilistic
design. When thenepresentation of the population is inadequat@lyzing norrandomly
collected datzanresult in misleadingonclusions.
Meng (2014)proposed thathreet y pes of stati stical inferenc
paradigm withgreater qualitative consistency and relative optimaliDrawing conclusions

from the Basic Data Systems, created in multiple phases with data from various linked sources,
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is an example of mulphase and muksource inferenceBeing able to provide émates at
userselected geographic levels, OnTheMe@mplifies multiresolution inference.

Discussions o$tatistical methods to preserve confidentiality started as early as 1993 (e.g.,
Rubin 1993), and was implemented in the OnTheMap applicatiomever, hefull potential of

synthetic data as a method of protecting confidentiality remains to be explored and validated.
Zhangjiagangi A DevelopingChineseSmart City

Zhangjiagangd a port city located along the Yangtze Riveeastern Chinander the
administration oSuzhou City, Jiangsu Provin¢leigure 8) It has an area &99 square
kilometersandatotal population of 1.5 milliorurban and ruralesidents. Given its excellent
harbor and richness in ore reserves, Zhangjiagang was strong in its mining, iron and steel
industry, and machinery manufacturing sector, placing in the front of the top 100 counties in

China. It was changed from a countyatoountylevel city in 1986.

Figure 8. Zhangjiagang, Suzhou City, Jiangsu Province
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The city received the UMlabitat Scroll of Honor Award in 2008 (UNabitat, 2008),

becoming the first countlevel city to receive such an award in Chieccording tothe Suzhou
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city governmen({2014), the 2013 GDP for Zhajrggang city was abow214.5 billion, an

increase of 6%ver the previous yeatJrban resident per capita disposable incavas¥43,40Q

rural per capita net inconveas¥21,700, an increase of 9.3% and 11 #%pectively

Table 4. SocialEconomic Performance Targets for Zhangjiagang under the 125-Year Plan

Performance Indicator 2010 Actual 2015 Target
1 Gross Domestic Productio¥1(00M) 1600 3200
2 General Budget Revenu¥1Q0M) 116.06 250
3 Service Share of GDP (%) 38 45
) 4 New Industry Value as Share of Abe8eale Industrial Value (%) 21.8 50
Dg\fglr(])%r:wl(e:nt 5 Actual Use of Foreign Investmer$l(00M) 10 60 (5 yea)
6  Total Imports and Export${00M) 250 500
2 Total Port Throughput (M tons) 2 3
Port Container Throughput (KOTwenty-foot EquivalentUnits) 112 220
Efficient Agriculture Proportion (%) 50 65
9 Research and Development As Share of GDP (%) 2.15 >3.0
10 High-Tech Industry 8 Share of AbowScale Industrial Value (%) 32 40
11  Large/Medium Size Enterprises as Share of R&D Institutions (%) 65 90
Innovation 12 Gross Enrollment ofligher Education (%) 65 70
Capacity 13 Average Education of New Labor ¢&/Person) 15.3 16
14  Talented Persons per 10kiBons (Person) 1380 2200
15 Invention Patents (Ece) 95 300
16  Science and Technology Contribution Rate (%) 55 60
17  Urbanization Rate (%) 63 70
18 Social Security Coverage (%) Reach 100  All Covered
Social 19  Gini Index 0.4 <0.38
Improvement 55 Health Workers peri Persons (Person) 6.38 7.2
21  Public Cultural Facilities Areagr 1M People (sg. m.) 1400 1600
22  Public StadiumArea per 1K People (sg. m.) 28000 32000
23 Average Urban ResidenepCapita Disposable Inconm¥é) ( 30400 53000
Average Rural Residenep Capita Net Income¥| 14400 26500
24 Urban and Rural Rsdlent Health Index (%) 96.44 >97
Quiality of 25 Beds in Elderly Homesgr 1K Elderly Residents (bed) 195 35
Living 26  Social Satisfaction of Public Security (%) 98 >98
27  Information Level in Daily Life (%) 80 290
28  Public Transportation Rate (%) 155 25
29  Engel's Coefficient (%) 32 <30
30 EnvironmentaQuality Composite Index (point 98 >96
31 Garbage Harmless Treatment Rate (%) 75 >95
] 32  Per Capita Green Area in Developed Area (sg. m.) 12.98 13.2
Ef]fn'cl)rl(;)r?rlﬁs#t 33  Water Consumption Reduction ¥10K GDP vs 11th 5vea Plan (%) - 10
34  Energy Consumption Reduction¥10K GDP vs 11th 5vea Plan (%) -- Assigned
35 SO, NOx Emission Reduction vs {'5-Year Plan (%) - Targes
36 COD, Ammonia Emission Reduction vs 11tfYBar Plan (%) - Completed

Notes:¥ = Chinese yuar=U.S. dollars; K=Thousand; M=Million

$1¥62

Source: ZhangjiaganCity GovernmentDigital China




SEEING CHINESE CITIE THROUGH BIG DATA AND STATISTICS 21

The urbanization rate for Zhangjiagangs63%in 2010, already higher thahe current
averagean China, exerting high pressure on its city administrators to manage its population,
environmentandeconomiadevelopment

Table 4 shows the performance ffivalyerat ors a
plan (20112015) Its economic output and port throughput are expected to double irytee 5
period. Zhangjiagang set up "new capabilitiesid quantified research and development (R&D)
in order to realize these goal&s in many other Chineséties, sience and technology is
considerechn important pillar supportg continuedirbanization

Chapter 8 offte Zhangjiagang 12th fivgear planalsoemphasizes the support of
information technology foe-Government by raisinthe level of governmenpalications
accelerang the construction afhe Basic Data Systemicusing onpublic and government data
sharingandexchange systesnand @irther improvng the level of interdepartmental applicatien

One-stagp Platform

The Zhangjiagang
_ ) ) Figure 9. Entry Page ofZhangjiagang Public Website
public website walaunched in ,
October 2013 with thabove
goalsin mind. The front page
of the website (Figure 9)

contains hannels My

Service, My Voiceand My

Space My Service provides - /

government and publicesvices T o e
Source: Digital China

My V oiceconnects the
government and the residehtough an online survey amdicroblogging;My Spacecontains
the user'sdigital life footprint" such as personal information and record of use.

The pubic website combines online and offline services through the use of the smart
resident cardgesktop andnobile devices, and government and comityuservice centers,
offering 621 types of services by 31 collaborating government and community organizations.

The servicesary by type of access device. Desktop computers offer the most

comprehensive services, including queries, more than 240 online applications, and over 130
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online transactions. Mobile device users may check on the progress of their aydjoatng
General Packet Radio Service (GPR8S$itioningandspeech recognition technologydbtain

56 types of efficiency services suchtas/el and transportation.

Figure 1011 mpl : .
gure 1011s a sample Figure 10.A Sample ofMy Service Page

My SerVICe pagel ShOWIng the igsmwy.com/bicycle/bikepark/service/BikePark.index.do

location and availability of S ‘ ‘
rental bicycles in the city. ‘ @i&
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. . 9 sioreEs P n ;A
unified, peoplecentric, — ) - e e (HCIE
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infighting of various i A o | e =
P ‘% F STHRT EERAL N
governmentgenciesto build B g gy <=
L\ i iy 0 AL
their own websiteand service 2 e TR % 7
AL BaIUSE 57012 Baicu - Data © o BCentlovi s e SIEE & &

stationsand consolidating

Source: Digital China

separate developments such a
smart transportation and smart health care

Thewebsite combines a variety of existing and fusmart cityproposalsaand services
Developerswill beable tolink to the platformto provide their servicesith loweroperating
costs Thecity governmentvants tohave a platform tghowcasenformation technology
introduce business servicesd assist economic development, especially@oemerce.

The Zhangjiagang public website d&esignedo be an open platforfor progressive
development. Althe applicationsvill be dynamically loadedndflexible to expand or contract
Existing servicewvill be continuously improvedandnew functionalitiesadded It aimsto
improve public satisfaction of government service brwhderagency participatioto facilitate
futuredata sharingnddata mining.

Participation of the residents in thatformwill determine whetheits goat will be
achieved or not In the Bmonth period since its launch in October 2013, thexe beeri5,518
total userghroughreatname system certification and online registrat&i956 visitorsand
198,227page views. Thaveragerisit timewas11l minutes and 7 second&mong all the users

reakname registrantaccounedfor 67%,andmobile end users accounted for944
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Online okingof sports venues, event tickeind longdistance travehre themost
popular services to date. Thelyow the value of convenience to tlkesidents, who had to make

personal visitsn the past

Although there is neurrent Figure 11. A sample of My Space Page

eXample Oﬂata Sha“ng between gsmwy.com/info/index/service/Index.index.do

government dpartmentsthe public

RNk
. . . . . Do "

website is beginning tintegrate . fﬁ\‘ E : ig.
. - - . ﬁ’v‘/\ﬁ% \
informationfor its residents A user — e R =
can view his/her recosdn a o o

D) ESER
securedMy Space(Figure 1). e

s | smewe e =3 AEHKe

It is already possibla the
Zhangjiagang platforrto create a

consolidatedbill of natural gas,

water, electricityand othetiving

Source: Digital China -

expenseto providea simple

analysis of household spendinglthough this iselementary data analysisforetells the
delivery ofmore precisdéutureservices as aline activitiesand recordexpand anéccumulate

over time
Summary

Chinais in the early stage of its spearnationalurbanization planextendng its
economic development to also address rising social and environmm@mtakns There isa
definedrole for statisticandurban informatic$o establish norms and conduaginamic
monitoring and longitudinal analysi§mall steps have been takerb&gin data consolidatian
some smart city test sites, and modest progress is beginning to. ajypteenext sixyears,
cultural change towardsan objectivedatadrivenapproachintegraton of statistical desigand
thinking into the data systemandinnovative statistical theories and methods to fully deploy
meaningful Big Data will be neededdgoow urban informaticé China ando achievebalanced
success in its udnization efforts China will undoubtedly contine to advance towards building
her smarter tties with Chinese characteristi@)d we will be able to see more of the Chinese

cities through statistics and Big Data.
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