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ANALYSIS OF CAPITAL FLOW WITH GIS

— Two Approaches for Regional Investment in China
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ABSTRACT: GIS technology has been mostly concerned with handling physical data and modeling physical environ-

ment. However, the requirements of GIS for handling socio-economic information in many cases are different from those

concerning phenomena in the physical environment. Analysis of capital flow among regions requires the transitions both

from economic values to physical landscape and frem physical surface to economic explanation. Rapid growth of Chinese

economy comes mainly from investment. There are two main ways for obtaining high growth of investment. One is govern-

ment expenditure which usually invests in regional facility and amenity block, which is regarded as stimulus for attracting

investment. The other is the creation of investing center and corresponding capital source areas, both of which need the

central city with the highest growth rate of investment among regions. This paper presents the cluster areas of both govern-

ment revenue and total investment, the potential situation of capital flow between central city Shanghai and its neighbor

provinces by using “Classification” and “Interpolation” functions of ArcView GIS.
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1 INTRODUCTION

Investment has been one of main forces for driving high
economic growth since implementing the open door
policy in China. During 1981 — 1999, the average an-
nual growth rate of total investment was 24. 25% . Ow-
ing to the spatial differentiation of resources, policy and
competitive advantages among regions, there is one kind
of discrimination of investment among different
provinces in China(YAO, 2001). This discrimination
resulted in the spatial inequality of regional investment.
Apart from the central government investment, there are
two basic approaches that affected regional investment.
One is the block of regional facility and amenity that is
the stimulus for attracting investment. The other is re-
gional capital flow among neighbor areas which deter-
mined capital source for investing in a specific region
(ARMSTRONG AND TAYLOR, 1985).

The emphasis on natural science applications in the
development of Geographic Information System (GIS)
technology has led to a situation in which many
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presently available systems are not well suited to the
modeling of phenomena (MARTIN,
1991). But with the broad implementation of these
technology, the extension of GIS application into so-

socio-economic

cio-economic reality shows the important domain with.
With time going on, more and more sophisticated ana-
lytical functions have been employed to do regional
analysis. This paper presents cluster areas according to
levels of both government revenue and regional invest-
ment, analyzes capital flow around Shanghai which is
the highest investment city in China with the help of
classifying and interpolating functions of ArcView (GIS
software) (YAO, 2001).

2 REGIONAL INVESTMENT ON STIMULI SIDE

One kind of basic factors for attracting regional invest-
ment is the block of regional facility and amenity, which
is determined by the level of regional government ex-
penditure and based on government revenue and, in
turn, affects the regional comparative advantages for
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investing. This expenditure comes mainly from local
Thus,

based on local government revenue is the stimulus for

government. government expenditure that is
investing. With cluster analysis, two series of clusters
according to the values of both per capita government
revenue and per capitd investment will be obtained re-
spectively. If some areas are in the same level of the two
classifications that means conformity between the dis-
tributions of the twa indicators, they can be called a
cluster area of both governmenl revenue and total in-
vestment (Fig. 1). On the contrary. if there is a gap
between the two indicalors, il means thal the total in-
vestment has not been mainly stimulated by govern-
ment revenue {which will not be discussed in this pa-

per}.

Cluster areas of total investment

I Cluster areas of government revenus

L y

Cluater areas of combining government revenue and total Investment

Fig. I Framework of Cluster Analysis

Suppesing that total investment is affected by gov-
ernment revenue with time delay. For example, there is
one year time delay. Consequently, the value of gov-
ernment revenue in 1997 affected the total investment in

1998. Values of the two indicators in 1997 and 1998
will be adopted for clustering their regional distributions
respectively in this paper.

2. 1 Classify Areas by Government Revenue

Values of provincial government revenue in 1997 will be
classified by “equal interval” into nine classes. Equal
interval method is hetter to deseribe spatial clusters of
“natural

values in this paper than “equal area”,

breaks”,

cView. Because the same difference among each class

“quantile” and “standard deviation™ in Ar-

level is derived from “equal interval” , which can keep
clusters equality. During this proeess, bath shape and
grid files have been employed. With a shape file
(vector) and relational tables, a list of classification is
provided, with which class definition of values, areas
and unit numbers among different classes are indicated.
With u grid file (raster) and relational tables, a carto-
graphic presentation is produced, in which cmpty
classes are omitted. The same methods are also applied
for the following classifications. In this case here,
classes 5, 7 and 8 are empty. Fig. 2(from the grid file)
and Table 1 (from the shape file) show the nnmber and
names of the provinces in each class. They indicate that
the majority of provinces have lower values of govern-

ment revenue.

Classes of revenue in 1996

- 1 orno data
B -

s
South China
= = - Sealslands(No Data)

Fig. 2 Classes of government revenue among regions (except the desert areas in Xinjieng)

2. 2 Classify Areas by Total Investment

Using the same method as abave, the values of 1otal

investment in 1998 were classified by “equal interval”
into nine classes. Classes 5, 7 and 8 are empty. Table
2 and Fig. 3 show also that the majority of provinces
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Tulil i s of
uble 1 Classes of governmenl revenue among regions

Class Values ol governmenl Number  Provinee
revenne { ynan / person )
| 0-21.26 13 Sichusn, Guidiou, ele,
2 21,26 -42.52 13 Jiangsu., Zhejrang. ele.
3 42.52-63.78 I Ligoning
4 63, 78 - 85.04 2 Iatgin, Guangdong
5 85.04 - 106. 30 0
6 106.30 -127. 36 1 Beijing
7 127,56 - 148, &2 a
8 148. 82 - 170. 08 1
g 170,08 — 191,34 ! Skenghu
Table 2 Classes of total investment umong regions
Cluss  Values of totdd rvestment Number  Puaninee
{yuan /persun)
! D-1511.09] 15 Jilin, Shanw, ele,
2 I511.091 - 3022 162 10 Fujian. Hube, ele.
a 322, 162 -4533.243 3 Jianpsu, Zhejiang, ete
4 4533, 243 - 6044, 324 1 Tranjin
5 6044.324-7555 406 0 ‘
6'  7555. 4086 - 9066. 487 ' Beijing
7 9066. 487 - 10577, 568 {}
B 10577. 568 - 12088, 649 0
9 12088. 649 - 13599. 730 1 Shanghm

had lower values of total investment and only majority in
clasg 3 and munority in class 2 are more than the dis-
tribution of government revenue values.

2. 3 Classily Areas by Combhining Same Classes of Both
Government Revenue and Tolal Investment

If oue area has the same class level of government rev-
enue in 1997 and tofal investmen! in 1998, it indicates
thal the development trends of the two indicators are
similar. Therefore, governmenl expenditure probably
was lhe main stimulns for investment in this area.

In order to obtain areas ol lthe same class level
the

class level areus of the two classifications have to be

governmenl revenue and total investment, same

vverlaid. Among nine classes ol each clagsification,
classes 1 and 2 are overlaid by the function of “select by
theme” wilth shape [ile of each theme. Nu overlay is
necessary lor classes 3, 4, 6, 9, 5, 7 and 8, becaunse
classes 3, 4, 6 and 9 include only one provinee re-
spectively and classes 53, 7 and 8§ are empty. The se-
lected arcus are remarked in Fig. 4 and Tig. 5 (Table
3) . The tesults denote the areas where investment was

Classes of investment in 1997

| | or no data

B
. >

9
+ South China
Sea [slands (No Data)

Fig- 3 Clusses of total investmenl among regions (except Lhe desert areas in Xinjiang )

muinly aflected by government revenue. We call it
revenue-investment area ol 1997 - 1998,

Table 3 indicates that from class | (eleven provinces)
to class 9 (Shanghai), the values of government rev-
coue become higher, as well as the value of total in-
vestmenl. Among these listed regions, only three mu-

nicipahities belong to both higher investinent and higher

government revenue. Mosi regions liad both less in-
vestmenl and less governmenl revemue. In a simple
way, government expenditure was valid only in a few
cities [or encouraging investment. But for most provin-
vial areas, governmen! evpenditure was too weak to
stimulate investmenl. As a case sludy, class 9 of rev-

cnne-investment area— Shanghai — will he denoted to
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l::] Selected regions
:‘ Non selected regions

+ 11 South China Sea [slands (No Data)

Fig. 4 Selected arews of cluss 1 in government

revenue and 1otal investment

|| Selected regions &
EJ Non selected regions

i3+ South China See Islands(No Dats)

Fig. 5 Selected areas of class 2 in governmenl
revenue und lotul investment

Tuble 3 Overapped reault of same classes within
the lwu classifications

Class Number

Region

1

(=]

o~ @ Uh b

11 Guungxi. Guizhou, llunan, Jiangxi., Chowgging, Sichuan,
Anhui, Henan, Shaanxi, Gaensu, paris of Tibet
7 Heilongjiong, Shandong, llebei, Ningsia, puns of Xin-

jiung. Fujian, Hainan

1]

1 Twnjin
1]

i Beijing
]

0

1« Shaughw

deline influence area as the central city at different
levels of disposuble income.

About the regions that could not be overlapped(not
listed in Table 3), there were two possibilities: one was
thal the values of government revenue among some re-
gions were at the higher level than the values of total
investment. It means that government slimulus was not
strong enongh to allracl investing. These regions were
Cuangdo'ug. Liacning, Hubei and Ningxia. Another was
that the values of goverumenl revenue among some
provinces were at lower level than the values of total
investment. It means thal some investments were not
encouraged by local government expendilure, which
perhaps came from central government or private in-
vestment. ‘These regions were Jiangsu, Zhejiang, Yun-
nan, Shanxi, Inner Mongolia and Jilin,

In a general word, the function of local government
cxpenditure encouraged regional investment mainly in
some urban areas which have been important industrial
bases hislorically. Therefore, in these cities large
amount of investments have been concentrated on which
resulted in distinct discrimination of investment among
these cities and their ucighbor provincial areas.

3 CAPITAL FLOW

Owing to the discrimination of investment among some
cities and neighbor provincial areas, these neighbor
provinces in turn became capital sources to provide great
amount of money lo their corresponding cenlral cities.
Hence, capital flowed from weighbor provineces, even
from far away localed provinces, to the centrul cilies.
There are three steps to analyze the process of capilal
flow in this papcr: 1) defining the central cities, 2)
delining neighbor provinces, 3) analysis of conditions of
capital flow,

3. 1 Defining Central City

Capital formation is a capital pool and the mosl impor-
tant source for investing. In order to define the central
city of investment, the ratio of investment to capital
formation is denoted to he the erilerion te deseribe the
relationship hetween real investment and investment
potentiality. The greater this ratio is, the more relative
power of investmenl is in the corresponding region
{city).

means that investment of this region has hecn over

If the value of this ratio is greater than 100, it

capital formation ability. Absolutely, some investments
of this region (city) have 1o be vbtained from other ar-

eas. Table 15 the mtios of inv <! 1o apit! {or-
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Table 4 Rutio of invesnment Lo capitad fomation in 1998

Region Inveslinent / capi- Hegion Taveslinent / capital Region Investment / eapuial
1l lormation{ % ) lormaliond 9 } formation{ %5 1
Tibwet 122.42 Gaisu RO 40 Guizhon 72, 3
Shanghat 96. 18 Sichuan 84, Of Slanxi 69 70
Xinjrang 90 55 hugha 83.50 Jrangsu 68. 70
Guanglong 90, 31 Hebea 8i.u7 Hither 68. 40
Ningua 89 94 Tianpm 79.76 Anhug 67. 00
Guangxi B4, 64 Heilongjiang 78 20 Fujuin 64. R0
Y unom B9. 21 Hunun 78. 18 Inner Mongohia 62_R3
liaening 87.17 Zhejiang 77.70 Henan 61.43
anun 87.02 Beijing 76. 74 Jiangx Aty 82
Shaunxi BG. 6l Ilin 75.9] Shandong 60.79
Average 78 64

Nites: 'The arder of 4his wble s according 10 the value rank of this ratio; Tilel w a special case, which muinly weeepled wvestinent from

lh(‘ CCH[TH[ EOVI‘ITII’II(‘II.L

mation among provincial units.

Among the top ten regions in ‘lable 4, Tibet, Xin-
jiang, Ningxia, Guangxi, Yunnan, [isoning and
Shaanxi were maimly invesled hy eentral government
with public wellare and poverty alleviating projects for
halaucing regional development  (this will not be dis-
cussed here). Table 4 also showed that Guangdong be-
longed to the type that the value of local government
revenue was at the higher level than the value of total
investmenl. |t means that a majority of investmenl came
mainly from loeal mvestors. Only Shanghai belonged to
both kinds of investment-revenue and highest investment

area where capital came from varinus sources.

3.2 Defining Neighbor Regions

Inflow and ouitlow of capital is always going on. H
the value ol capital inflow can be relatively higher than
the value of outflow, the inflow will berome the main
stream. The arca with the main streamn of capital inflow
will he called investment region, viee versa. Depending
(78. 64% ) of investment of

capital formation, il the ratio values were greater than

on the average ratio value

78.64% , the regions would be called investment re-
gions. Conversely, they would become capilal regions
(Fig. 6).

From Fig. 6,

all of the neighbor provinces of

Investment/capital(%)

0-78.63

- 78.64-122.42

No Data

South China
Sea Islands (No Data)

e O Classite atian ol wpeesment and coperal 1egroams
1 )
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Shaughal were capital regions that had the most eco-
nomic power in China. The lighter color provinces
around Shanghat which were Shandong, Jiangsu, Zhe-
Jiangxi,
Hubei, Henan and Shanxi will be selected as the po-

jiang, Fujian.  Anhui, Hunan, Guizhou,
tential capital providers for Shanghai. The economies of
lhese provinces have rapidly grown in China. This in-
dicates that Shanghai is not only the capilal region, but
also has the most powerlul capital providers compared

with other investment regions.
3. 3 Conditions of Capital Flow around Shanghai

During capital flow process, the principle is: the greater
difference of GDP hetween central cily and neighbor
areas, the greater difference of investment return can he
ohserved. Lhe easier of Lhe capital flows to the central
city. Slope analysis of GIS will be adopted to describe
the conditions of capital flow around Shanghai.

Iso-lines of GDP values which will be used to display
the difference between central part and neighbor areas
have been reldeved by interpolating grid files of city
poinis with attribute values of invesiment. There are two
ways in ArcView lo interpolate input points, which are
Inverse Distance Weighted (IDW) and Spline interpo-

i

lators. Because 1he Spline mterpolator is a gener-
it fis

mum-curvalure surface Lhrough the input points. It is

al-objective interpolating method, 4 mini-
nol appropriate if there are a farge number of changes in
the surface within a short horizonlal dislance owing to
the fact that it can overshoot given values. IDW inter-
polator assumes thal eacl inpul poinl has a local influ-
ence lhal diminishes with distance. |1 weighls the points
which are closer 1o the processing cell and greater than
those farther away. A specified number of peints, or
optionally all points within a specificd radius, can be
used to delermine the output value for each localion.
For per capita values of inveslment, Llhere are large
changes in the sudace within a short horizontal dislance
among cities. Therefore, 1DW is adopled in this paper.
A choice of Nu Barriers will nse all points specified in
the No. (number) of Neighbors or within the identified
radius. One thousand map unit of the contour interval is
denoted to create the contour lines. The interpolating is
gomg on in ArcView wilhin lhe minimum rectangular
area which is defined by top points of the selected area
and the values of per capila GDP of cities inside Lhe
rectungle regions as input points. The isolines of GDP
within these selected regions are shown in Fig. 7.

More densily of the slope means more difference of

Contours in selected arcas

GDP surface around Shanghai{yuan/person)

2479.336-4988.745

4988.745-7498.154

7498.154-10007.564
10007.564-12516.973
12516.973-15026.382
15026.382-17535.792
17535.792-20045.201 N
20045.201-22554.610
22554.610-25064.020

No Data

Fig. 7 Iao-lines and surfaces of GDP around Shanghai Caty

per capita GDP values hetween Shanghai and neigh-
bors, as well as casier capilal flow from neighbor
provinces to Shanghai. Therefore, some areas that have
higher slope values of GDP become more polential
capital providers for investing in Shanghai (Fig. 8).
From Fig. 8, ncighbor regions had small differences
among each other and all of them were capital sources.
The closer neighbors of Shanghai is from, the more po-
lential capital providers they are. These indicaled thal

economic neighhorhood”  coincided  witlh  physical

“neighborhood”,
4 CONCLUSION

GIS technology has been mostly concerned with han-
dling physical data and modeling physical environment.
However, the requirements of GIS for handling sociu-
economic information in wany cascs are different from
those concerning wilh the phenomena in  physical en-
vironment. Analysis of capital {low among regions re-
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Provincial bounderies

Slope around Shanghai(*)

% 0-80

80-90

Shanghai

 South China Sea Iglands

Frg. 8 Classilication of GDP slope araund Shavghai

quires the transilions both from economic values to
physical landscape and Irom physical surface to eco-
nutie explanation. ‘There are three aspects, which have
heen deall with for thuse transitions in this paper.

(1) Sections 2.1,
revenne and regional investment  (im

and 2. 2 transforined values of
governmenl
provinces and cilics) inte landscape maps as Fig. 2 and
Fig. 3, which gave an vverview alboul spatial Jistribu-
tiuns of these parameters, Dillerent colors in these maps
denoted different levels of these parameters.

(2} Sectivn 2.3 provided a simple way to do cluster
analysis with overlaying varions thewatic layers. Fig. 4
and Fig. 5 displayed the results that were obtained by
themalic selection [unction of ArcView.

(3) Section 3.3 tried creating surfaces from point
samples of per capita GDP values by [DW interpolaror.
Although gencral contours about investment are similar
among different inlerpolators, different group samples
within different extents can create varicd contours. 1DW
interpolator was adopted to give a clearer visual state-
ment about GDP values among cities within a specilie
area lhan Spline one. With these interpulaling maps,
the situalions of capilal {low around Shanghai were
displayed. With classification of slope values aroumd
Shanghai, vapital flow conditions and polential vapital

providing regions were visualized.

Spatial exchange ol cconomy among regions includes
lwo processes ~— spatial diffusion and spatial concen-
trativn that goes on simultaneously. Spatial diffusion
goes on when spatial differences ave less; meanwhile,
spatial concentration goes an when spalial differences are
greater.  Capilal flow follows the latter process. Under
these Iwo ways ol investment as above, Shanghai has
hecome the ¢ily with highest investrient in China,

Note: All of the data were from the Statistic Book of
China (1996, 1997, 1998, 1999, 2000)

REFERENCES

ARMSTRUNG Huarsey, TAYLOR Jine, 1985, Regionul Econvmics
& Poliey[M|. Loudon: Philip Altan Publishers Linnted, 121,
MARTIN David, 1991, Geographic Information Syvstem and Their
Sovtpeconumic Applicattun| M1, Lundon: Routledge Press, 28.
The Statisties Buresu of China, 1996 — 2000, The Stanstics Book
of China|M]. Beijimg: The Statisties Peess of China. (in Chi-

nesc)

YAO Yong-ling, 2001. Dustnlntion of Econvmiv Potential Growth
i Cling — GIS Analysiv for  Regronal Economic Development
[R]. Repurt uf the Institule of Geudesy and Photugrammetry,
ETIIZ.



