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ABSTRACT

Urban aggl omeration derived from resources explorationisasort of urban
agglomeration formed in the urban aggl omeration formation process and
evolution process after resources-based cities based on resources
exploration. Itislimited in the angle of urban agglomeration devel opment
and has significant significance on regional scientific research. This paper
hasintroduced basic principles of matter element evaluation model, based
on which, this paper has made systematic evaluation on urban
agglomeration derived from resources exploration in China and got the
following conclusion that urban agglomeration with highlighting
characteristics of old industrial bases gets higher development level and
eastern urban agglomeration has higher education level than western

KEYWORDS

Development level;
Grey relational comprehensive
evaluation;
Urban agglomeration.

regionsin terms of such urban agglomeration development level.
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INTRODUCTION

Urban agglomeration derived from resources ex-
plorationisasort of urban agglomerationformedinthe
urban agglomeration formation processand evolution
process after resources-based citiesbased on resources
exploration. Itislimitedintheangleof urban agglom-
eration devel opment and hassignificant Sgnificanceon
regiona scientificresearch.

This paper plansto measure and eval uate educa-
tionleve of urban agglomeration derived from resources
exploration and makesthefollowing arrangements: first
partisresearch overview at homeand abroad; second
part isintroduction of eval uation methods, third partis
introduction of research methods, fourth partisdiscus-
sion, and fifth part isanalysisof evaluation results of

urban agglomeration derived from resources explora-
tioninChina

EVALUATION INDEXESOFDEVELOP-
MENT LEVEL OF URBANAGGL OMERA-
TION DERIVED FROM RESOURCESEX-

PLORATIONIN THISPAPER

Evaluationindexesinvolvemining cities, agglom-
eration degreeof urban agglomeration, urbanizationlevel
and socia economic development condition.

Eva uation and determination of agglomeration de-
greeof urban agglomeration issymbolized by two in-
dexesincluding gravity (gravity force) mode and pri-
macy ratio. Gravity model isimportant research con-
tent of urban spatial interaction and appliedwidely in
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TABLE 1: Evaluation indexesof ur ban agglomer ation derived from resour cesexplor ation

A. Evaluation Angle

B. Evaluation Indexes C. Meanings of I ndexes

Resources-Based Cities

Agglomeration Degree of
Urban Agglomeration

Urbanization Level
Evaluation of Development Condition of
Urban Agglomeration Derived from

Resources Exploration

Social Economic Condition

Number Proportion of Number of Resources-Based Cities/Total

Resources-Based Cities Urban Number of Urban Agglomeration

Population Proportion of Population of Resources-Based Cities/Total

Resources-Based Cities Population of Urban Agglomeration

Congtruction Area of Resources-Based
Area Proportion of

CitiesCongruction Area of Urban
Resources-Based Cities

Agglomeration

Average Gravity Index of Urban
Gravity Index

Agglomeration

Primate City Population/Second City
Primacy Ratio of Core Cities

Population
Proportion of
Non-Agricultural Output Non-Agricultural Output Value/GDP
Value
Proportion of

Non-Agricultural Population/Total Population
Non-Agricultural Population

Built-Up Area of Urban Agglomeration/Total
Urban Built-up Area Ratio

Area
GNP Per Capita GDP Per Capita
Value-Added of the Tertiary Industry/Urban

GDP

Indusgtrial Structure

Employees of the Secondary and Tertiary
Employment Structure
Industry/All Employees

Urban Environment Green Ratio of Built-Up Area

Greenland Area Greenland Area Per Capita

Environmental Pollution Percentage of Industrial Waste Water uptothe

Control Standards for Discharge
Scientific and Technical

Expenditure of Scientific Research
Innovation

Scientific and Technical
Scientific and Technical Staff Number
Staff

Consumption Expenditure  Total Social Retail Sales of Consumer Goods

Educational Expenditure Total Educational Expenditure

geography astheearliest modd in spatia economicre-
search®?, which isused by Chinese scholarsto take
research of urban systematic spatia structureand ur-
ban agglomeration spatial structure® and isused by
theauthor to take research of urban agglomeration eco-
nomic spatia interaction (in2008). Intercity gravity is
oneexpression of intercity interattraction and ispro-

portiond tointercity interattraction andisinversely pro-
portiona to the distance between two citiesin termsof
urban spatial scope. Gravity inversely proportional to
distanceindicatesthat radiation effect of central city on
outer city trendsto decreasewithincreasing distancein
urban agglomeration space. Intercity gravity isthein-
dex to measurethe strength of interregional economic
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contact, which can not only reflect radiation and attrac-
tion ability to surrounding areaof economic central city
but a so reflect reception degree of surrounding areato
economic centra radiation and attraction ability. Grav-
ity modd connotationis:

DETERMINATION METHODSOFDEVEL -
OPMENT LEVEL OF URBANAGGLOMERA-
TION DERIVED FROM RESOURCES
EXPLORATION

Grey relational comprehensive evaluation and
measurement principle

Grey theory becomes more and more mature in
recent years, and grey comprehensive evaluationis
widely applied in matter comprehensiveeva uation and
analysis. “Grey system” isaconcept of control theory,
and can dividethe systemsinto “black” (havenoidea
about internd information) and “white” (havefull infor-
mation) intermsof color according to information mas-
tering degree of human, and the system that has part
informationiscalled asgrey system. Grey systemis
medium system between white system that hasfull in-
formation and black systemthat hasnoidea. Grey sys-
tem theory possesses agreat many advantages asthe
theory to research and treat complex system fromin-
completeinformation rather than to discussfrominter-
nal specid rulesof the system, make math processing
of observation dataat oneleve of thesystem and then
achieveto higher level so asto understand internal
changetrend and mutual relation of the system.

Grey systematic theory mainly research thefollow-
ing aspectsseen from recent condition: relationa anay-
gsof grey factors, grey modeling, grey prediction, grey
decison, grey sysemanaysis, grey system control and
grey system optimization, etc®. Urban agglomeration
sysemisamultiple-level, complex andfuzzy sysem, and
index system of measured urban agglomeration desgned
intheformer sectionsis made according to urban ag-
glomeration theory, but such indexes are only of one
measurement of urban agglomeration sysemintermsof
deve opment condition of urbban agglomeration from cer-
tain dimeng on asoneincompl ete measurement, so grey
theory shall meet thefollowing basic requirementsfor
system eva uation: information isincompl ete, namely
“grey”. Hereto theauthor mainly wantsto usethethought
and methods of grey theory to make grey comprehen-

Sveevauaionof urbanagglomeration system, and mainly
userdationd andydsof grey factorsasmentioned above.
Grey relational analysisrefersto similar degreeof two
curves, whilein urban agglomeration measurement, we
adopt anided urban agglomeration (al measuringin-
dexesarebest), and then computedifferences between
each urban agglomeration and ideal urban agglomera
tion, and accordingly order them accordingto thediffer-
ences, namely rank theurban agglomerations.

Thelargest advantagesof grey relationa anaysis
method isthat it hasno strict requirementsfor datavol -
ume, and can make analys snot matter thedataishuge
or little. Duetoitsmath methodisnon-getistica method,
whichismore practical when the system dataislittle
and the condition doesnot meet satistica requirements.
Comprehensiveeva uation procedureadopting grey re-
lationd andlysisisasfollowing:

Data teatment

m objectsand nindexescons st of evaluated data
matrix X

@ x(2) ()| | X

x| 20 *(2 %(N) | _| X,
(@
%@ X2 o X (M) [ X,

X, (i =1,2,..m) refersto thei-th evaluated object,

x()i=12..m, j=12,..n) referstotheselected value
at j index of thei-th object, and it consistsof matrix of
nindexesof mobjects.

Take standardized or normalized treatment and re-
movedimension effect of measuring dataof each ob-
ject, and thereare agreat many methodsto treat data,
like extremum method, standardi zation method, point
typeand domaintype, etcd®. Given x; assourcedata,

M, asmaximumvaueof thej-thindex, m; asminimum
vaueof thej-thindex, and asdataafter trestment, then:

Maximization dataconversion: i, = x (J)/M; ()

Minimization data conver-
son: u;=1+m; /M - x (j)/m, ©)
. i i Xi ( J) - Yj
Standardizationdataconversion: #ij = ——
7@

Sructurereference sequence
Reference sequenceisthe optimal value of each
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index feature of evaluated matter, asto “cost target”,

smaller dataisbetter; asto “benefit target”, larger data

isbetter.

Xo=[%@) %2 .. x(m] ©)
Amongwhich, x,(j =1.2...n) istheoptimal vaueof

thej-thindex™.,

Computegrey degreeof incidence

Grey degreeof incidence, (k) isthedistance be-
tween thei-th evaluated object and the optima (ideal)
object, with expression asfollows:
min min | X, (k) - X, (k)| + 6 max max | X, (k) - X, (¥)|

(B = |X,)(F(}—X.,(.l’r)|— & max 111_ax|X,»_,(k)—X!(.l'c)| 6)

m‘inmkin\xo(k) -X;(k)| and max mkax\xo(k) - X (k)| are
theminimum absol ute difference and the maximum ab-
solutedifferencerespectively. & (k) isalsocaledasgrey
absolutedegreeof incidence GADI, coefficient 5 €[0,1]
generaly adopts 0.5, andisto reduceeffects of extre-

mumonfina determination result.
Build up matrix of grey degreeof incidence:

a@® &2 & (n)

e_| 2@ (2 ¢»(n)
7)

@) SEn(2) cm(N)

Deter mineindex weightsand compute weighted
degreeof incidence

Determineweight vector of eechindexinfind evau-
aion:

W=[o, o, .. o 8

Amongwhich, D@, =1
i=1

Computation model of grey comprehensiveevalu-
dionis
(Y L) (2 ..
LA Q) .

M7 (
_EW = &) |, | @

©)

Ea) &:(2) - 4u(m)] o)

Rank

According to computation result of formula(9),
rank theeval uated objects, and then grey comprehen-

BioTechnology —

sveevauationisfinished.

M easur ement of development level of urban ag-
glomer ation derived from resour cesexploration
inchina

Adopt two methods based on theeva uation meth-
odsof urban agglomeration derived from resourcesex-
ploration asmentioned above, collect and compute sta-
tistica index measuring v ueof each urban agglomera:
tion accordingto related dataof Chinese City Statisti-
cal Yearbook 2007 and statistical yearbook of each
related provinces and cities, and measure devel opment
condition of each urban agglomeration derived from
resourcesexploration, with measuring value of eechin-
dex referring to the appendix.

Index measuring value scope and grading stan-
dard

Webuild up grading standard and measuring value
scopeof eachinthequartile computing method in sta-
tisticsaccording to evaluation index system of urban
agglomeration derived from resources exploration and
measuring va ue scopeof eechindex built upin TABLE
2. Moreover, wedivide devel opment condition of ur-
ban agglomeration derived from resourcesexploration
into four stages according to definition standard of ur-
ban agglomeration of Chineseand foreign scholars: for-
mation stage, primary development stage, stablede-
velopment stage and mature stage'™.

Distribution of development stage of urban ag-
glomer ation derived from resour cesexploration
inchina

We compute the statuses of each urban agglom-
erationineachindex accordingto TABLE 3 aboveand
sourcedataof current condition of urban agglomera-
tion derived from resourcesexplorationin China

Measurement of grey relational evaluation
method

We make standardized treatment of source data of
urban agglomeration derived from resources explora-
tionin Chinaaccordingtothefollowing formula

X — Miln X;

i = Max x; — Minx, (10)

Then, computewithformula(3.29) to get matrix of
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TABLE 2: Evaluation index system and standar dsof development level of urban agglomer ation derived from resour ces

exploration
i Primary Stable
) ) Formation
Measuring Angle M easuring Index Sage Development Development  Mature Stage
g Stage Stage
Number Proportion of
» [0, 0.26] [0.26,0.35] [0.35,0.41] [0.41,0.51]
Resources-Based Cities
Population Proportion
Resources-Based Cities  of Resources-Based  [0.11, 0.1722] [0.1723,0.2345] [0.2345,0.3512] [0.3513,0.4329]
Cities
Area Proportion of
. [0.1032,0.205] [0.205,0.3124] [0.3125,0.3895] [0.3896,0.5402]
Resources-Based Cities
Agglomeration Degree Gravity Index [5,17] [17.01,35] [36,80] [81,130]
of Urban Primacy Ratio of Core
) » [1.3,1.5] [1.51,1.65] [1.66,2.35] [2.36,3.7]
Agglomeration Cities
Proportion of
Non-Agricultura [69,79] [79.1,82] [82.1,85.4] [85.45,90]
Output Vdue
o Proportion of
Urbanization Leve )
Non-Agricultura [0.25,0.3304] [0.3305,0.4025] [0.4026,0.49] [0.491,0.75]
Population
Urban Built-up Area
Rat [0.0040,0.0078  [0.0079,0.001] [0.0011,0.013] [0.0131,0.018]
io
GNP Per Capita [1,1.3] [1.3,1.78] [1.78,2.3] [2.3,3.7]
Industrial Structure [27,32.3] [32.3,35] [35,37.3] [37.4,39]
Employment Structure  [0.935,0.96] [0.96,0.978] [0.978,0.989] [0.989,0.994]
Urban Environment [27,30.8] [30.8,34] [34,36.3] [36.3,40]
Greenland Area [14,26] [26,32] [32,38] [38,42]
Environmental
. [15000,30000]  [30000,48000] [48000,73000] [73000,150000]
) ) Pallution Control
Social Economic e .
» Scientific and Technica
Condition . [4500,11000]  [11000,14000] [14000,23000]  [23000,29000]
Innovation
Scientific and Technica
Saif [10000,26900]  [26900,31500] [31500,50000]  [50000,7100]
Scientific and Technica
Saif [1200,1450] [1450,2000] [2000,3600] [3600,6700]
Educational
. [15,39] [35,55] [55,79] [75,90]
Expenditure

grey degreeof incidence of each urban agglomeration.
WEeight of eachindex and weight adopted in extensond
evauaionissame(TABLE 3).

Compute grey comprehensive evaluation vaue of

each urban agglomeration and rank themtoget TABLE
4, which givescomprehensiveeva uation resultsof grey
comprehensveeva uation mode of development level
of each city and analyzes devel opment level of urban
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TABLE 3: Digtribution of development stage of urban agglomer ation derived from resour cesexploration in china

Harbin- Urban Beijing-
I_(;mt(al Daqing- C?Fral E;Tda?g Jianghuai Wuhan Agglomeration ((::: engdy— Guanzhong Tianjin-
S?;mg Qigihar U 't:n U 'Ew a Urban Urban inthe Sﬂ'gq' g Urban Tangshan
Addl r anat' Urban Aadl r mat' Addl r anai‘ Agglomeration Agglomeration Central Addl r mat' Agglomeration Urban
gglomeration Agglomeration gglomerdtion Agglomeration Plains gglomeration Agglomeration
Nurmber
Proportion of
RESOUICES: 4 1 3 1 3 1 2 1 3 2
Basad Cities
Population
Proportion of
R— 4 1 2 1 2 1 4 4 3 3
Basad Cities
Area
Proportion of
RESOUICES: 4 1 2 1 2 1 3 4 2 4
Basad Cities
Gravity Index 3 1 1 1 2 3 4 2 4 4
Primecy Retio
of Urban 4 4 2 1 3 4 2 1 3 1
Agglomeration
Proportion of
Non-
Agicultura 4 1 1 4 3 2 3 1 4 3
Output Vaue
Proportion of
Non-
Agictural 4 2 3 3 1 2 4 1 1 4
Population
Urben Buiilt-
up AreaRatio 3 1 1 4 2 3 4 2 2 4
GNP Per
Capita 4 3 3 4 1 2 2 1 1 4
Indudtrial
Sructure 4 2 4 1 3 1 4 2 3
Employment
Sructure 3 1 1 4 2 1 4 4 4 4
Urban
Ervironment 1 1 2 3 4 4 4 2 1 3
Greenland
Area 3 4 2 1 2 3 4 1 1 4
Environmental
Pollution 1 1 1 2 4 2 3 3 1 2
Cortrol
Sciertificand
Technica 3 2 1 1 2 3 4 3 4 3
Innovation
Sciertificand
Technica 1 2 1 3 1 2 4 4 4 3
Saff
Consumption
Expenditure 4 2 1 1 3 3 4 2 4 4
Educational
Expenditure 2 3 2 2 4 4 1 3 1 4

Data Source: Computed by the author
agglomeration.

Comparison analysisof extensional evaluation and
grey comprehensiveevaluation

Analysis of measuring results of two evaluation
methods

Messuring resultsof extensiond evauaionandgrey
relational comprehensve eval uation of urban agglom-
eration derived from resourcesexplorationin Chinain-

dicate significant differences between devel opments of
each urban agglomeration.

Firstly, we specified that urban agglomeration con-
structed isat senior stage of urban agglomeration de-
ve opment. Centrd Liaoning, Beljing-Tianjin-Tangshan,
Centrd Plainsand Guanzhong urban agglomerationare
at mature stage of urban agglomeration devel opment,
whichisindicated by measuring resultsin view of ex-
tensional matter el ement eval uation model; combined
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with resultsof grey relational comprehensive evalua-
tion, the abovefour urban agglomeraion areinthefront
rank of urban agglomerations, which indicatesthat fina
messuring resultsof two eva uation and measuring mod-
elsisconsstent internally dthough they aretakenfrom
different angles.

TABLE 4: Grey comprehendveevaluation mark and rank of

ur ban agglomer ation derived from resour cesexploration in
china

Grey
Urban Agglomeration Compr ehensive Rank
Evaluation Mark
Central Liaoning 0.792772 1
Harbin-Daging-Qigihar 0.587723 10
Central Jilin 0.597757 9
Shandong Peninsula 0.67846 5
Jianghuai 0.612792 8
Wuhan 0.644869 7
Central Plains 0.761384 2
Chengdu-Chongging 0.646675 6
Guanzhong 0.71089 4
Beijing-Tianjin-Tangshan 0.758736 3

Secondly, part urban agglomerations under con-
struction brought forward recently areat formation and
rapid devel opment stage. Wuhan, Central Jilin and
Jianghuai urban agglomerations are at the middle
reaches, and results of model measurement a so indi-
catestheir development are still under primary devel -
opment stage, which isrelated with the bringing for-
ward timeof constructing urban agglomeration, accord-
ingly, regiona policy makesshort term effectson de-
vel opment of urban agglomeration, so measuring re-
aultsindicatethat al these urban agglomeration areun-
der middledevelopment stage, and theseregiona gov-
ernment ought to make suitable regiona devel opment
policiesaccording to development stage.

Lastly, resources-based citiesget different satusin
these urban agglomerations, and it makes measuring
resultsmainly reflect effect of resourcesexplorationin
urban agglomeration. Asto ten urban agglomerations
derived from resources expl oration brought forward by
us, dueto different number of resources-based cities
contained and different economic status of each re-
sources-based cities, each urban agglomeration can be

————, FyurL PAPER

divided astypica and atypica agglomeration, asmen-
tioned in Chapter 11, whichisa soindicated by measur-
ingresults.

Therefore, measuring resultsof measuring model
indi catethat measuring index system of urban agglom-
eration derived from resourcesexplorationismoresuit-
ablefor evauation of devel opment condition of these
urban agglomerations.

Advantages of combination of extensional evalu-
ation and grey compr ehensiveevaluation

Seen from analysis of measurement of urban ag-
glomeration derived from resourcesexplorationinthe
discussion of 3.2.3and 33, wecanfind that extensona
evaluation model to eva uate urban agglomeration de-
rived from resourcesexpl oration can effectively evalu-
ate devel opment stage of each urban agglomeration,
and eva uation resultsare consistent with actua condi-
tion, while grey comprehensive eva uation resultscan
rank the grade of mattersin extensiona evaluation as
supplement of extensiond eva uation, so combination
of thetwo methods can supplement each other in com-
prehensive evaluation and rank of matters. Evaluation
results can be considered asreferencesto guide prac-
tical work.

CONCLUSION

Thispaper buildsup measuringindex system of de-
velopment level of urban agglomeration derived from
resources exploration according to thefeatures of ur-
ban agglomeration derived from resourcesexploration,
bringsinto multiple-index extensional eement evalua:
tion measuring modd and grey relaiond andysismodd,
and finishes comprehensive measurement, rank and
eval uation of ten urban agglomerationsderived from
resourcesexplorationin Chinabased on socid and eco-
nomic dataof urban agglomerationsin Chinain 2006.
Research resultsindicatethat comprehensive applica
tion of thetwo measuring methodscan supplement eech
other; urban agglomeration devel opment stages differ
greatly, and grey comprehensiveeva uation redizesrank
of urban agglomeration at the same stage, measure-
ment and evaluation results offersscientific references
for understanding locd urban agglomeration devel op-
ment conditionindifferent urban agglomerationregions.
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