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ABSTRACT: Now GIS is turning into a good tool in handling geographical, economical, and population data, so we
can obtain more and more information from these data. On the other hand, in some cases, for a calamity, such as hurri-
cane, earthquake, flood, drought etc., or a decision-making, such as setting up a broadcasting transmitter, building a
chemical plant etc., we have to evaluate the total population in the region influenced by a calamity or a project. In this
paper, a method is put forward to evaluate the population in such special region. Through exploring the correlation of geo-
graphical parameters and the distribution of people in the same region by means of quantitative analysis and qualitative analy-
sis, unit population database (1km x lkm) is established. In this way, estimating the number of people in a special re-
gion is capable by adding up the population in every grid involved in this region boundary. The geographical parameters
are obtained from topographic database and DEM database on the scale of 1: 250 000. The fundamental geographical parame-
ter database covering county administrative boundaries and 1km x 1km grid is set up and the population database at coun-
ty level is set up as well. Both geographical parameter database and unit population database are able to offer sufficient
conditions for quantitative analysis. They will have important role in the research fields of data mining (DM), Deci-
sion-making Support Systems (DSS), and regional sustainable development.
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1 INTRODUCTION

Now GIS is turning into a good tool in handling geo-
graphical, economical, and population data, so we can
obtain more and more information from these data
(CHOU, 1997). On the other hand, more than 85% of
the information on government affairs are related to the
information on spatial position in the world (ZHANG,
2001). So we conclude that much information on na-
tional economy and social development has certain cor-
relation with different geographical factors in a region.
In order to explore the determinate correlation of geo-
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graphical factors and economical factors by means of
quantitative analysis, DONG Chun et al. put forward
the concept of geographical parameters database
(DONG, 2000; DONG et al., 2001), and established
the fundamental geographical factors databases covering
county administrative boundaries and 1km x 1km grid
within the territory of Fujian Province (DONG et al.,
2000a).

In some cases, for a calamity, such as hurricane,
earthquake, flood, drought etc., or a decision-making,
such as setting up a broadcasting transmitter, building
a chemical plant etc., we have to evaluate the total
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population in the region influenced by a calamity or a
project.

In this paper, a method is put forward in evaluating
the population in such special region. By exploring the
correlation of geographical parameters and the distribu-
tion of people in the same region by means of quantita-
tive analysis and qualitative analysis, unit population
database (lkm x 1km) is established. In this way, es-
timating the number of people in a special region is
capable by adding the population in every grid involved
in this region.

The geographical parameters are obtained from topo-
graphic database and DEM database on the scale of
1: 250 000. The fundamental geographical parameter
databases covering county administrative boundaries and
lkm x lkm grid is set up, and the population database
at county level is set up as well.

2 CONTENTS OF GEOGRAPHICAL PARAMETERS
DATABASE

Inhabitant sites, water system, highway line, and rail-
way line etc. are most important landform elements. By
them the particular landscape in a geographical region is
described, they are important parameters because they
have tight correlation with population distribution.
Thus, the above-mentioned factors are important con-
tents in geographical parameter database.

Geographical factors are the essential components in
substance and energy of geographical environment. They
are self-existent, having different properties, but obey-
ing certain rules (WANG, 1997). In this paper, geo-
graphical parameter database is defined as database that
stores the quantitative values of multifarious geographi-
cal factors in each geographical cell. The conception
and definition can be found in DONG'’s reference
(DONG, 2000).

Because of the special geographic conditions and
landform character, population distribution in vertical
direction in China has its particularity and diversity
(ZHANG et al., 1996) . All of them are very interest-
ing, and any other country is difficult to compare with it
(HU, 1990; JENNIFER et al., 1997). Therefore, al-
titude, slope grade, slope aspect etc. (here, they are
classified by DEM factor) are the important contents of
geographical parameter database. At present, they can
only be obtained from DEM database on the scale of 1:
250 000.

With the development of resource satellite data at high
precision, temote sensing technology, and GIS tech-
nology, it is possible to obtain high-precision land cover

data, and some researches have proved that different
types of land-covering can support different weights of
population. So, land-covering factor should be put into
geographical parameter database.

Economical development factors, such as Gross Do-
mestic Product (GDP), yearly output of crop, amount
of pupil, aggregate investment of fixed assets and so on,
are correlative factors of population distribution. The
relationship between geographical factors and economi-
cal development factors can be examined from the next
two illustrations (Fig. 1) . In Fig. la, the vertical axis
represents amount of total population in each county,
and the horizontal axis represents amount of pupil in the
corresponding county in Guizhou Province in 2000. In
Fig. 1b, the vertical axis represents amount of total
population, and the horizontal axis represents yearly
output of crop in the corresponding county in Guizhou
Province in 2000. Every dot plotted in the diagrams
represents a county according to its corresponding val-
ues. The strong relations are found between these two
variables in the diagrams. The computed PEARSON's
correlation coefficient (DONG, 2000; DONG et al.,
2000b) equals 0. 925 and 0. 883 respectively( n = 83),
which indicates a significant positive correlation between
the two groups of variables. But, because it is difficult
to acquire the quantitative value of an economical de-
velopment factor in each cell at size of l1km x 1km, in
this paper, they are omitted very reluctantly.
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Fig. 1 The relationship between geographical factors
and economical development factors
in Guizhou Province in 2000
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3 ESTABLISHMENT OF CORRELATION FACTORS
MODEL. OF POPULATION DISTRIBUTION IN
GUIZHOU PROVINCE

3. 1 Factor Analysis in the Same Sort

In this paper, geographical parameters database and
population database covering county administrative
boundaries in Guizhou Province have been established.
There are such factors as landform factor, DEM factor,
land cover factor and so on in the former database, and
total population in the latter one. After multi-factor
analysis, the correlation between geographical factors
and the factor of total population is shown by Pearson’s
correlation coefficient. Then weight coefficients and
standardized weight coefficients of every parameter and
every group of factors are acquired.

3. 1. I Landform factor

Though, the quantitative value in any geographical
cell is the accumulative total of length (arc), number
of points (point), or area (polygon) (DONG et al.,
2001). In consideration of the error of the spatial
database on the scale of 1: 250 000, the factors which
are polygons in map, such as residential parcels and
water system represented as polygons, are omitted, and
only the parameters which are represented as lines and
points are applied in the analysis. Table 1 shows the
landform factor’s weight coefficient and standardized
weight coefficient to total population in the same unit.
Here, there are four factors only, and we obtained them
by adding up all the factors in the same sort.

Weight coefficients indicate the degree and direction
of the relationship between the variable of landform
factors and the variable of total population. The value
ranges from O to 1. A higher value of one variable im-
plies a lower value of the other. If the value is not sig-
nificantly different from 0, there is no correlation be-
tween the variables, or they are independent each oth-
er. Standardized weight coefficients come from weight
coefficients, the sum of all standardized weight coeffi-
cients in Table 1 is exactly 1.

Table 1 The weight coefficient and standardized weight
coefficient of each landform parameter to total population

Landform factor Weight Standardized
coefficient weight coefficient
Number of habitat sites 0.789 0.482
Length of railway line(km) 0. 059 0. 036
Length of Highway line(km) 0. 506 0.310
Length of water system (km) 0. 282 0.172

From Table 1 we know that habitat sites and highway
line have stronger correlation to population distribution
than railway line and water system in Guizhou Province.
3. 1. 2 Altitude factor

The characteristics of population distribution in ver-
tical direction show that population distribution has in-
tensive tendency to the low and flat topography. That is,
with the ascent of altitude, population drops promptly
(ZHANG et al., 1996).

But because a majority of land in Guizhou Province is
located in alps and coulees, population distribution in
vertical direction in this province has its special phe-
nomenon. That is, population inhabit mainly in the
medium altitude of 800 — 1000m and 1200 - 2000m,
and less people live in the region with low altitude. This
is contrary to the common law of population distribution
in vertical direction. Table 2 shows the weight coeffi-
cient and standardized weight coefficient of each altitude
belt to total population.

Table 2 Weight coefficient and standardized weight
coefficient of each altitude belt to total population

Altitude (m) Weight Standardized
coefficent weight coefficient

<100 0.019 0. 006
100 - 300 0.179 0. 055
300 - 500 0. 442 0.136
500 - 800 0. 050 0. 015
800 - 1000 0.724 0.223
1000 - 1200 0. 004 0. 001
1200 - 1500 0. 683 0.212
1500 - 2000 0. 669 0. 206
2000 - 3000 0. 356 0.110
3000 - 5000 0.116 0. 036
> 5000 0. 000 0. 000

3. 1. 3 Slope grade factor

From Table 3 we can conclude that the smaller degree
of inclination of a slope represents the more population
distribution in Guizhou Province. This is accordant to

the common principle of population distribution in ver-

tical direction (ZHANG et al., 1996).

Table 3 The weight coefficient and standardized weight
coefficient of each slope grade to total population

Slope grade Weight Standardized

(degree) coefficient weight coefficient
0-13 0.738 0.243

13 -17 0. 546 0. 180

17 -19 0. 442 0. 145

19 - 21 0.379 0. 125
21-23 0.329 0.108
23-25 0.304 0. 100

25 - 28 0. 301 0. 099
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3. 1. 4 Slope aspect factor
From Table 4 we can conclude that in these slope
aspect belts exposed to the sun have the most population

distribution in Guizhou Province. This is accordani to

the common law of population distribution in vertical

direction (ZHANG et al., 1996).

Table 4 The weight coefficient and standardized weight
coefficient of each slope aspect to total population

Slope aspect belt Weight Standardized
coefficient weight coefficient
Slope in the shade 0.170 0. 148
Slope half exposed to the sun 0. 186 0.163
Slope exposed to the sun 0. 788 0. 689

3. 1. 5 Land area factor

The relationship between land area and total popula-
tion can be examined from Fig. 2. In Fig. 2, the ver-
tical axis represents total population, and the horizontal
axis represents land area in the same county in 2000. In
the example, the positive correlation between the two
factors in each county is obvious. The computed r e-
quals 0. 691,

correlation between the two variables. So the land area

which indicates a significant positive

factor should be put into the correlation factors.
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Fig. 2 The relationship between land area and total population
3.2 Factor Analysis in Sort

Here, in order to evaluate the correlation of each sort
factor to total population reasonably, we create a new
variable corresponding to each sort factor by the fol-
lowing equation:

(1)

Hereinto, X; denotes a factor value from a certain
sort, and a; denotes the standardized weight coefficient
of the corresponding factor. Then, we can get the weight
coefficient of each sort factor by calculaling correlative
coefficient of ¥; and total population.

In this paper, the population distribution factors ac-
quired from Guizhou Province are sorted as landform
factor, altitute belt factor, slope grade factor, slope

aspect factor, and land area factor. Table 5 shows the
weight coefficients and standardized weight coefficients
of the all five sorts of factors.

Table 5 The weight coefficient and standardized weight
coefficient of five sort correlation factors to total population

Factors name Weight Standardized
coefficient weight coefficient
Landform factor 0. 685 0. 194
Altitude belt factor 0.771 0.218
Slope grade belt factor 0. 753 0.213
Slope aspect belt factor 0. 632 0.179
Land area factor 0.691 0. 196

We can see from Table 5 that all of the five sorts of
factors have certain correlation with population distri-
bution.

3. 3 Establishment of Unit Population Database

In this paper, (1km x
1km) covering the whole Guizhou Province are acquired
with GIS technology. They are expressed as the follow-

ng:

all parameters in every grid

X, Xi2,..., Xip (P=4) Landform factor
X2, Xo2, ..., Xap (P=11) Aliitude factor

Xot, Xoay .. ., Xap (P=T) Slope grade factor
Xu, Xazy ..., Xap (P=3)  Slope aspect factor
Xsi, Xsz, ..., Xsp (P=1) Land area factor

If standardized weight coefficient for each parameter to
population size expressed as b; ( the range of i and j
equal to X), and standardized weight coefficient of each
sort factor expressed as ai, a2, a3, as, as, then the
final weight coefficient for each correlative parameter is
ab;. The weight coefficient for each grid to population
distribution is ¢m., and

C. = a:b; X .
mn 5 »
2 z (l.'bi,'X.j

=1 j=1

(2)

where m is the sequence number for each county in
Guizhou Province; n, the sequence number for each

grid in a county.
4 DISCUSSION AND CONCLUSION

In order to analyze the correlation between geographical
parameters and population size in a region, in this paper
the content of geographical parameter database is ex-
tended from landform factor to landform factor, altitude
factor, slope grade factor and land area factor.
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Based on our analysis on geographical parameter
database and population size in the year of 2000 in
Guizhou Province of China, we can conclude that there
is significant linear correlation between population size
and some geographical parameters. In fact, almost all of
the geographical parameters in our database are correl-
ative to population distribution in Guizhou Province. Of
course, each parameter has different correlation coeffi-
cient from other parameters, so it has its own weight
coefficient to population distribution. And based on this
principle, unit population database is established in
Guizhou Province.

We have to say that the weight coefficient of each
parameter to population distribution in this paper is not
the same with other regions.

Both geographical parameter database and unit pop-
ulation database are able to offer sufficient conditions for
quantitative analysis. They will have important role in
the research fields of data mining (DM) and Deci-
sion-making Support Systems (DSS) (TAYLOR et al.,
1999).
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