A METHOD FOH THE STEFWISE SEPARATION OF
SPATIAL TRENDS

E. Casecti R, K. Semple

The Ohic 3tate Unlversity

The problem of separating trends occurs im very similar terms in
the analysis of time seriesl and of space serles. Trenda are general
tendencices persisting through time or through space that cauwse Clme or
space geries to Increase or decrcose "smoothly.'" In order to isolate
them, the originsl series are split into components associated respect-
ively with the trend and with the resldual, such that the summation of
their corresponding terms reproduces the original series.

Techniques of tlme series analysis can be and have been extended
to space series. The interpolation of planes and surfaces to geologic
series? closely parallels the fitting of lines and curves to time
serieas, The only difference ia that functionas of two spatial coordinates
(functions of two variables) are used in the first case, and functions
of time {(of one variable) in the second. Also, the mobile averaging

can be easily extended to two dimensiconal cases, for inscaoce, by
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replacing the value of each term of a space series by some average of

the values of the terms within a given distance from ic,3

The Mathod
The methods proposed in this paper are expecially sulted to extract

gpacial trﬁﬂdﬂ,& but may be applied to time series as well., Basically,
they are designed to give & gquantitative expression to smooth changes
functionally related to distance from points or lines of reference. Imn
particular, these methods may be used In order to identify the smooth
decline of the "influence" of an urban center, or of a ¢luster of urban
centers with distance from a point of reference that may or may not
colnclde with downtown areas. The methods idencify trends by means of
optimal points of reference or origins., A point of reference is
considered optimal when the correlation between some predetermined
transformation of the distance of the series terms from 1lt, and the
values of the terms are not smaller than for any other admissible point
of reference. In order to clarify the concepts involved, a simple time
geries example is now discussed. Suppose, for instance, in the time
zeriea below

Value 5 & 3 2 1 2 3 & 5

Time t t+1 t+2 £+4+3 £+ t45 t b 7 = o

that cach term of the serles has a value and 2 time coordimate, Tf the
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time coordinate tyd is taken as origin, distances of the terms from Lt
can be casily obtained., The correlation between these discances and the
respective term values is 1. Clearly the correlation between term values
and distance from any other origin would be less than 1, so that in this
case, t+d is the optimal origln. A regression, in which time distances
Erom Ehe optimal origin (or some transformation of them) 1s the
independent wvariable and the values of the time series are the dependent
variable, could be calculated and residuals obtained, 1In the example
above cthe residuals are all zeroc. But suppose that this was not the
cafe. Then the procedure could be repeated on the residual time series,
and a4 pnew opbimal origin determined, new residuals obtalned, and so0 on,
fteratively. These iterations would be Interrupted whenm the residuals
are random or swaller than a threshold, The differemce of the fnitial
time series minus the last residusl time series constitutes a trend
v:-:lmpunenl‘:..

For extracting spatial trends, a two-dimensional generalizatlion of
the procedure above can be applied., The concept of ocptimal origin is
easily extended to space series. For example, suppose the serias
identified by the following diagram:

Figure 1 #o 2
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The circles indicate the location of the terms of the space serles and

the pumbers adjacent to them are their values, The cross 1d an



arbitrary "origin." The distance between the cross and each of the
circles {(or some function of this distance) can be ealculated for each
"term" and correlated with the values of the terms, An origin is
optimal if the correlation coefficient associated with it is not
smaller thanm the one associated with any other admissible origin.
The procedure for extracting spatial trends involves the following
stepa;
l. An optimal origim is ebtained,
2. The values of the space scriles terms are regressed against
the distance of the locations of the terms from the optimal
origin. The values predicted by the regresslon identify a
trend associated with the optimal origin,
3, The residuals, that is the difference between the original
values and the predicted values, form a nmew space series
that can be apgain separated into a trend and a new residual.
To this effect, a new optimal originm 15 located, such that
the correlation between the distances from it to the
location of the terms of the space series, snd the reslduals
from the first regression is maximal.
4. & new rtegression can be calculated and new residuals obtained,
The procedure can be repeated again and again. Each time it yields
an optimal origin, a space series incerporating the portion af the trend
associated with the optimal origin used, and a space series consisting
of residuals., The fterations can be stopped whem the residual apace
series is random.
The variance of the original space series can be decomposed into

the variance of the trend compoment associated with the succezsive



optimal origins plus the variance of the residual, A rule of thumb

for deciding when Lo stop the extrsction of new trend components from
the residual may be based on the proportion of the total variance in

the last (nth) trend component. & threshold is set and trend components

are extracted only when their variance is greater than the threshold,

The Scope of the Technigue

This procedure for the extraction of spatial trends is eminently
applicable when empirical observations or theoretical consideracions
suggest that a given spatial variable tepds to have values the higher
(or lower), the closer they are to given locations, However, it can
be shown that the procedure 1s alse effective for trends related to
Gtraight or curved lines. Suppose, for instance, the space series in

the following figure:

Figure 2
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High values occur along the central "ridge," and deecline on both
sides of i, The walues of the variable decline with distance from =z
line rather than from a point, and therefore the trend can be assoclated
with a line. BSuppose the procedure discussed above is applied. One
of the points along the central ridge would be chosen as first optimal
orlgin, and the linear regression of the values of the series against
a transformation of the distances from the optimal origin would be

calculated. Clearly, the residuals will tend te be larger on the



portions of the central ridge away from the first optimal origin.
Therefore, the second optimal origin would be lecated on the ridge,
away from the first origin., A similar reasoning can show that the
procedure will tend to locate, aleng the central ridge, a sequence of
peints that will capture the trend.

The same will happen for other kinds of trends. Fach optimal
oTigin will specify further portions of them until purely random
residuals remsin.

When the value of a variable in a space series tends to decline
(or to inerease) with distance from certain Y"poles" the procedure will
yield optimal origins that will tend to coincide with these poles. In
this case the optimal origins have a substantive méaning, If Instead
the spatial trend is related te lines rather than points, the optimal
orlgins taken separately do not have meaning other than a formal one,

Similar considerations apply to the trend components associated
with individual eptimal origins. Whenever these orlgins correspond to
poles their trend components identify the areas where the influence
of the poles is felt, gnd it ean he illuminating to map them.

Instead, when line trends are extracted, only the sum of the
trend components associated with all the optimal origing has =
substantive meaning.

The method proposed cam be useful to geographers in different
respects. It decomposes space series into two components containing
respectively smooth variations of variables over space, and residuals,
These two layers can be Lovestigated, for Instance, by multiple
regressions, in orvder to snalyse separately the causative factors

relaced to trends and those related te residuals from trends.,



Furthermore, within some substantive contexts, the optimal origing
and the trend components associated with them may identify cores of
regions, and aress in which the influence of these cores is felt.

The spatial trends to whileh this procedure 1s suited ifovolve =z
non=lipear decline wich distance from a point or line of reference.
The trends, therefore, can be wisualized a8 mounds, ridges, or hills
rather than as traingular cones, Suitable transformations of the
variables can be wged so that the ipflucence of each optimal origin
declines more than proportionally with discance.

The transformations suggested sre 1) the logarithmie trans-
formation of the values of the series terms, and 2) the reciprocal of
the distance from the optimal origins-=-increased by ome. If the firsc
transformation 18 used, the relationship between trend and distance
from optimal origine is cbtained in the following form:

Wiy = exp (ay - Pydyjy4 a3 = B2ijq«av g 3p = Bpyy)
Where Vij i= the value of the space series term wilth coordinates i and
;s dkij is the distance of the term with coordinaces i and | from the
kth optimal origin, and ay, and by are regression coefficients.

With the second transformation instead, the relaticnship between

trend and distances ia:

by b, b,
"urj'_-ll = '3].+ =] = ‘|' 32_|_ | - | -Elu-l-—-
lilil e rjﬁij -|- 1 dl:‘.lj.J -I- 1

An Empirical Application

In the example that follows it was attempted to separste spatial

trends from data on population growth fo small urban centers In Southern



Gntarin,j The computer program used is discussed in detail in
Appendlx A and only Lts basic structure is deseribed here. The input
of this program consists of coordinates and the values of the terms of
4 space series,
Uptimal origins are searched for by superimposing over the

study area successively finer grids, The differences of the largest
and the smallest ordinate and abscissa values of the space series
are calculated. The largest of the two differences is chiosen as the
length of & square study area. The sides of this square area sre then

ivided into Fifteen equal parts which identify a 15 by 15 grid. From
each intersection of the grid the distance to every term of the space
series is caleulated, and the {transformed) distance is correlated with
the values of the terms so that a 15 % 15 matrix of correlation
coefficients is obtained. The largest correlation coefficient and its
coordinates are identified. 1In order to determine more preciscly the
actual coordinates of the optimal origin, the four diagonal eorrelatien
coefficients adjacent to the one identified are used to define the
limits of a second fiper grid from which a 10 x 10 matrix of correlation
coefficients is calculated. Again the largest correlation coefficlent
and its coordinates are identified. One final & % B matrix of vary
fine coefficients is then obtained, and the largest coeffleient in it
la assumed te Iindicate the actual peint of highest correlation on the
study ares. This point is taken to be the optimal origin and the

values of the space series are regressed against the transformed

3For the locations and identification of the towns in the study
area see Table 1 and Map 1.



distances from the optimal origin to the locations of the space series
terms. The variance explalned by the distances is calculated and its
ratio Lo the variance of the space series obtained.

The regression residuals are thenm caleulated, They provide the
new space gerles om which the steps above are repeated. The procedure
is {fterated until an optimal origin is cohtained, such that the distances
from it explain lesgs then five per cent of the variance of the resideal.
The propgram is Chen Cermioated. The program cutputs: 1) the coordinates
of the optimal origins, 2} the residuzsls from the trends asscclated
with each optimal origin and the final residuals, 3) the proportion
of the variance of each residual accounted for by each component.

The program was used to analyse che population growth of
incorporated towns of Southern Ontario with a 1931 population between
one and five thousand. Different areas of the province appear to be
characterized by different growth rates, Thus, the purpose of the
experiment was to identify end separate these trends. The Llnput
consisted of geographical coordinates and of the percentage peopulation
change between the 1951-1961 census period (See Table 2), Five optimal
origins were obtained which account for over 90 per cent of the pop-
ulation change's variance (See Table 3).

Growth rates tend Eo decline with distance from three ocptimal
origing clustered in a "horseshoe' fashion around the western end of
Lake Ontario and increase with distance from a two optimal origin located
at Parry Sound and Woodbrildge. (See Map 2),

A test of the effectiveness of the procedure was carried out by
regressing the originzl space geries values, the spatial trend valucs

and the residuals from CLhe trend against wvariables selected to represent
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the most likely "causes" of spatial trends. (See Map 3 for trend

component). If these variables really express causes of regional

trends of viability, and Lf the procedure proposed is effective in

separating a trend component from a residual, it necessarily follows that:
Ry Ry >Ry

where Ry, Ry and Rp are the multiple correlation coefficients of the

reglonal varisbles and, respectively, of the trend component (Rp), the

original space series value (By), and the residuals {Hﬁ}.

In other words, the variables will be more related to the trend
measures than to Lhe eriginal space serles whleh includes a residual in
addition to the trend., Also the original wveriables will be more related
to the original space series values than to the residuals that presumably
do not contain trend eclements.

In order to calculate the multiple correlation coefficients, a
BIMED Z9 stepwise multiple regression program was used, This program
regresses independent variables, one at a time against a dependent
variable untlil their added explained warlance falls below a specified
level, Correlation and regression coefficients are output.

The following variables were used: (See Table 4).

¥1 township population demsity
X, walue of farm aales per farm

s township agricultural assessment in dollars per acre
of land

X, market potential measures
%g improved acreage as & percentage of occupied
The market potential measures were obtained from the following,

o] 5 — 5— af_bi l;'r dij e = s Eisan
(EX!
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Prescott
Gananogue
Eichmond Hill
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Goderich
Stoney Croek
Miltonm
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Grimsby
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Streetaville
Strathroy
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Te=hle 2

LOCATION AND CROWTH OF SMALL TOWNS
IN SOUTHERN ONTARIO (1951-1961)a

Town 1 2 a
RICHMOND HILL 320 260 GH00
STREETSVILLE ) 2000 3557
STONEY CREEK a3 a5 2144
GEORGETOWN 285 285 1983
MARKHAM 332 262 1674
AUROERA 320 250 LaLe
MILTON 290 300 Lxa7
PORT CREDIT 310 205 ay7
BANCIOET 478 248 Qa0
STOUFFVILLE 335 253 881
GRIMSEY 312 328 256
CHIPPAWA Ja8 243 dsa
FOMTHILL 328 338 Gébh
BEADFORD 313 266 a7y
CRYSTAL BEACH 347 3480 366
FRESCOTT 5848 ir2 L25
BEAMSVILLE 3149 329 483
BRIDCEPORT 240 298 471
ALLTSTON FATY. 236 L51
ACTON 280 285 439
ORANGEVILLE 2715 258 414
CLEMTON 175 285 371
WOCDRETIDGE 310 260 369
WATERDOWH 290 L4 367
DELHI 285 a6l 362
AYLMER 211 366 33l
WHEATLEY L0k q27 334
EEMPTVILLE 579 155 317
STRATHROY 167 348 114
PORT PERRY 250 240 a1
CALEDONIA 285 358 ang
STAYYER 204 251 305
CODERICH 163 273 295
UXBRIDGEE 342 240 297
BELLE BIVER a8 H10 296
ROCKLAMD 308 a3 293
ELMIRA 243 2R 259
NIAGARA Tl 324 287

BLEMHETM 139 407 281



WATERF ORE
STIROEDS FALLS
LAREFTELD
TECUHSER
HEW HAMEIRS
SUTION

PORT DOVER
ESEEY
ARNPRIOG
HAHOVER
MARMDTA
ATMTITE
AMHERSTEITG
Bl 1 CHETON
EORESY
COLEGEME
MEATORD
FXETER
STIRLIEG
BT RO
WINCHESTRR
HaoDRSVYLLE
DR A
MORWTCH
BATEY'S RAY
NESEAMTR
WALKERTON
FRANEFORD
ALEXAUDRTA
HE AR
VANETL.EEX HiLL
HESPELER
EGANVILLE
BEAVERTON
TV TLLE
LISTOWEL

fin PANEE
FTHGSUTLLE
TWEED

MOUMT BDREST
ORESDEM
CHESTERVILLE
HMETOHEEL
PTCTON
FERGUS
TILBORY

87, MART'S
LA HAROQUE
HAVELOOE

W1 RGN

Table 2 (Pege 2)

i
2E0
2&7
LN
075
222
azd
Fhh
(R0
L
2
LA
=40
[ 5%
L
La0
429
%]
75
G451
Ls0
GO
277
pLirids
230
435
4EB
203
S48
G
072
T
240
437
Tl
Lk
215
LTl
Ny
&7
244
12}
alE
129
450
254
L0&
202
LT
L

1592

d53
22
208
o5
310
220
B
334
104
234
L
[2H
527
208
3440
FLI]
191
17
214
354
157
A0
233
341
HU
P
237
L0
4345
a9z
B
Lo
205
335
215
22
435
207
202
382
135
301
155
274
412
319
213
2y
254

3
213
267
267
263
2e
A
256
51
249
Zhh
236
223
223
ot
222
20%
s
j9&
195
194
190
185
185
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181
LRl
180
1713
178
176
172
170
168
161
157
54
154
150
14y
143
143
141
Li5
132
1n
10
114
113
125



Table 2 (Page 3)

1 2 3
CASSELMAN Gl L17 103
ARTHUR 245 265 102
ELCRA 276 210 102
RIDGETOWH 147 394 101
WLARTON 205 L7 8 g 11
LITTLE CUREENT 1535 057 93
HARRTSTON 221 251 92
BEACERRIDGE 330 150 91
CABDINAL 597 155 g1
MADOC 455 200 26
MAREDALE 2306 220 g2
PENETANGUISHEERE 286 176 79
MATTAWA a7l Q27 78
WATFORD 153 350 77
CAMPVELLFORD L34 219 s
SOUTHAMPTOM 180 201 &4
SEAFORTH 184 292 B3
EIMCARDINE 14 231 63
MILVERTON 2148 291 53
PORT ELGIM 154 207 &7
SHELRITRNE 2a7 242 L6
IROQGUOIS &0 1EQ 4B
FEKELON FALLS 370 196 a2
WEST LORNE L&3 385 38
GRAVENHURST 126 162 24
CHESLEY 215 220 15
CARLETON PLACE 343 135 15
BOBCAYCEON sz Lo 2
PALMERSTON P 266 =12
MOBRISBURS &10 152 =21
PORT STANLEY LO5 357 =21
HURTSVILLE 335 122 -0

{a} Hote: =30 means that a town's population declined by -3.0 per-
cent between 1931 and 1961.

1,2 Hip coordinates
= Fercent population change 1951=1961
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MAP 2
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Town

Eichmond Hill
Milton
Woodbridge
Farey Sound

Stonevy Creek

()

Table 3

Location of Cumulative
Cptimal Origins Explained
Coordinatas Varlance

X T

J2z 250 68.8%
294 291 85.1%
311 263 gd. 5%
257 123 89, 5%
303 Ji6 93.7%

(+} Decline in growth with distance from optimal origin
{=) Imcresse Iln growth with discance from optimal origin



Fercent Population Change 1930- 8l
For Scuthern Ontario Towns
1000-5000 (1951)
) 776 —66I12 & 562 — 586
& 651 — 775 () 528 -56]
g 587 —650 (O -63 =527

Tiend Camponeant




Table &

Tews 1 2 E] & 5 (3]
RICHMOMD HEILL GO0 2193 34192 an2 Gl 355
STREETSVILLE 347 GBI TD 7157 1455 2339 48
STONEY CREEK 2144 1 L 21233 ans5 2138 L]
GEORGETOWHN 1938 LETE 148 L8 0G9 Qi
MARKHAM L&a7 s 2198 34192 2715 L1502 172
AURORA 1613 28049 alaz Lal 1397 221
MTLTON 1297 Liyza G143 1483 LLed L37
PORT CREDLT 977 BTG 7157 1455 1074 =47
BANCRODT Q&0 658 1224 =] 2.0 730
STOUFFVILLE H81 2809 14192 A ] 1621 =175
GRLHE BY 256 G108 3160 527 G57 144
CHIPPAWA B oxro 1691 557 56 4032
FOMTHILL i 1588 691 210 433 213
BRADEORD 579 GEAL 2366 & 515 b
CREYSTAL BEACH 366 L1653 A651 &2 3149 24T
FRESCOTT 325 Bla 272 94 165 360
BEEAMSVTLLE i3 1994 ILen 4] &57 26
REIDGEPORT 71 1038 G685 ay 170 =71
ALLISTON 451 722 2366 68 401 50
ACTON 439 1878 4148 [ 25 791 =352
ORANGEVILLE 414 125 292 Al {456 =
CLINTON arl a0 B56 s 208 163
WOODBRELDCGE 1ils] 2007 3192 ER Ak =135
WATERDOGWN 367 2055 21233 258 R4 =273
DELHL B2 1332 L1ad L35 288 Th
AYLMELR 351 LO27 1142 112 235 1le
WHEATLEY 334 1000 927 108 180 154
HEMPTVILLE 317 201 272 13 192 125
STRATHROY 314 a2 an £ 223 g1
PORT PEERRY 314 531 5128 78 Qg7 =183
CAEEDOMIA ) 504 BoeY 179 ad s =47
BTAYHER 305 1o 2366 35 236 4
CODERTCH 24949 232 56 34 1492 107
UXBRIDGE 297 3 5128 100 514 - 2R3
BELLE HIVER 296 817 234 il 176 L2
ROCELAND 293 7LD 223 62 157 136
ELMIBA 284 1038 4685 L33 345 -5
MIAGARA 287 2323 ENRL 425 413 =126
RLEMHETHM 281 723 D27 L1 1858 03

WATERCORD 273 L3 1148 0 | 323 =40



Tabhle & (Page 2)

Town 1 2 3 bl 5 £
STURGEDN FALLS 2a7 1160 B21 13 33 235
LAKEFIELD 267 1218 1438 136 235 32
TECUMSEH 263 1242 2541 L 30 202 al
NEW HAMBURG 262 808 4658 L0 2919 =37
SUTTORN 254 1127 3128 lab 366 =107
PORT DOVER 256 2635 L1485 117 304 =48
ESSEX 251 1138 2541 71 174 FiF)
ABRNFPREIOR 245 B3 915 Ak 152 ay
HANOVEE. 2446 Bl 210 30 145 R
HMARMORA 236 131 1224 5 212 24
ALFONTE 223 7113 GGG 6l 157 30
AMHERSTBRUBRG 223 L32G 2541 75 202 21
BRLGITON 222 643 538 38 214 4
FOREST 222 871 L3T1 619 209 13
COLBORNE 206 GGz 5138 50 253 -7
MEAFORD 206 L25 210 22 =1% 225
EXETEER 194 551 S56 63 224 =28
STIRLIMG 193 334 1224 28 220 =25
FETROLTA 1494 513 1371 a8 208 =14
WINCHESTER 1390 B01 01 52 161 29
HAGERSYVILLE La8 450 K] 23 145 =161
DU M 145 201 810 1a Ly ]
NOBWICH 183 135 1339 24 293 =110
BAREY 'S BAY 181 173 Q14 o 156 Z5
DESERONTO 181 68 1224 28 214 -33
WALKERTON 180 a2 403 e 11 147 33
FRANKFORD 1749 2247 1224 71 203 =24
ALENANDETA 178 30 205 3l 1492 =14
HARROW 176 1206 2541 133 175 1
VAMKLEEE HILL iya 2557 346 43 191 =19
NESPELER 170 25133 G685 176 341 =271
EGAMVILLE L&H Laa 319 L7 Ly =2
BEAVERTON 161 G461 5128 B0 285 =124
DIV ILLE L5Y 450 ab3 120 353 =196
LISTOWEL 154 08 a0 5 53 248 =1
MAPANEE 154 574 2849 &4 211 -57
EINGSVILLE 150 1636 2541 L3 205 =55
TWEED 147 274 1224 24 183 =3A
MOUKT FOREST 145 475 1986 37 374 =233
DRESDEN 143 B71 927 BS 210 =57
CHESTERVILLE 141 B0l 200, % 141 =20
MITCHELL 135 389 ag5 58 234 =Hil
PICTON 132 1384 250 al LE7 =23
FERGUS 131 Tah 1986 35 3oz =261

TILBURY 130 750 2341 B 180 =50



Town

3T, WhABY'S
GANANCQUE
HAVELOCE
WINOHAM
CAS5ELMAY
ARTRUR

ELORA
REDSETONN
WIARTON

LITTLE CURRENT

IARRE TS TON
BRACERRIDGE
CARDIRAL

HATHIC

MARXDALE
FERETARGULIHENE
MATTAWA
WATTORD
CAMPAELLFORD
SGUTTHAMPTON

SEAFORTE
KINCARDINE
MILVERTON
PORT ELGIN
SHELBUENE
Taglo Ly
FERELON FALLS
WEST LORHE
GRAVINHURST
CHESLEY

CABLETOH TFLACE
BORCAYGEON
PALMERETON
MOBR IERURE
PORT STAWLEY
HUNTSVILLE

eogn Ly ) s

Fesidunls

Table & (Fage 3)

il

121
114
113
105
103
12
02
il

9

23

3

1

(8 L

=12
w2l
=21
- 30

2

828
igl
132
123
w2
233
ibo
259
133
206

=18
573
939
L
205
2150
564
235
5ol

FLh

353
474
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Pt
23r
471
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225
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217
St
455
10
350

05
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L3238
652
223
1986
1985
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403
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23646
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4013
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l'l.‘,jllfq
1143
282
4t3
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ahd
1966
22
s
282

Pezcent populatlon change L®3%-15961
Toynakip population deunsiiy
Market poteacial
Agriculturgl asseszment
Regicnal compoment of population change
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11l
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i

Sty
£
T8
it

24
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N3
43
L
33

S
55
58
35
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LR
LWy
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3
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182
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203
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220
123
ThE
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R ¥
154
23
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47
33
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211
280
[
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=85
=105
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=214
=10
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where ME, i che marker potential of the ith countcy, dij L5 the disvance
from che ith county to the jth county, and a4 and bi are, respectively,
digpogable incoms and the populaticn of the 1th county.

The results of the analysis are given in Table 5.

Clearly RT 1s greater than Rﬁ and RU is greater than RR as predicted,
Also, the wariables selected by the stepwise program for the prediction
of the spatial trend {xé and 333 are different from the ones selected for
predicting the residuals from the crend {Hl}. Thiz implies that the
components inte which the original space series is split have altogether
different charascteriatics, as it should be expected Lf the procedure

proposed {a effective in separating aspetial trends and residuals.

Conelusion

The technigue discussed in this paper L= particularly sulced to
separating trends that can be expressed as functlons of distances from
points and lines of reference, and it can be used for the guantitative
fdentification of cores of reglons, prowth poles and depressed areas.
It may provide additiomal tools for the geographic rescarch that aims at

results in the form of precise and tescable statements.



Table 3

BLESULTS OF THE MULTIPLE REGRESSION AND CORRELATION AMALYSIS

b
fa

3

JUadxg 4+ L8EEXg + B5.6 Bp = o726
SO3Llx, l.GSEJ + 56.1 By = 683
J032xy = 46,04 R, = + 248

1
2

¥3

*1
2

*3

trend component
percentage populatlon change

reslduals from the spatclial trend

township population demsity
township agricultural assessment

market potential



APPENDIX

i) A Program fer studying the relation-
ships of Spatially Distributed Variables
with DMstances from points

i1} CGeneral Flowchazt

1LL) Program



& PROGPAM FOR STUDYING THE BELATIONSHIPS OF

SEATIALLY DISTRIRBUTED VARIATGLES

WITH DISTAHCES FROM POINTS

LANGUAGE ; Fortran IV

OOTFUT : L.

ITI.

IV,

Initial Daca
4, The 'X' and 'Y' co-ordinates and the magnitude
of the spatially distributed variable

Three correlation matrices
8., An initial 15%15 matrix of correlation
cogfficients
i. The location and magnitude of the largesc
correlation coefficient (absclute value)
il. The location and magnitude of the four
diagonal correlation coefficients,
b. A second 10x10 metrixz of fine correlation
coefficlents
i. The locatlon and magnitude of the largest
fine correlation coefficient
i1i. The location and magnitude of the four
adjacent diagonal coefficlents
€, A third Bx8 matrix of very fine correlation
cocfficients
1. The location and magnitude of the largest
very fine correlation coefficient

The actual 'X' and 'Y' map co-ordinates of the
point of highest correlation

The residuals from the correlation analysis

8. The residusls are printed eight to & row with
the first residual corresponding to the first
item of the initial data., The residual corres=-
ponding te the second item of data is found in
row one, colupnm two; and S0 O0e..

The explained wvariance due to the regression of the
distance from the initial point of highest correlation
to each item and the magnitude of each item,



¥I. A second set of three correlatlon matrices

a, The output is of the same form as sections
twe through five. This time, howewer, the
explained variance iz due to the regreszalon
of the distances from the second point of
highest correlation to each item and the
magnitude of the residuals for each item
from the initial correlation.

VII. A third set of three correlation macrices
g8, Qurput continues untll explalned veriance of &
et of reafduals on the previous set of residuals
falls below flve per cent.

RESTRICTIONS: This program handles up to 300 items and their
co=ordinates,

CARD PREPABATION:
First Control Capd

cola 1=53 1 1f residual print-out is desired, 0 otherwise,
=10 1 if reciprocal transformation plus one of
distance required,
11-15 1 if log transformation of distance required.

Second Contral Card

cols 1=3 pumber of items (variables)
4=40 wvariable format statement defining the format
of the card input (The first three flelds should
be in A-conversion and are used for the wvariables'
namesl, The varisble format should begin with IX.
The zubsequent fields can be mumeric or blank.

For example:

a statement (1X, 3A6, 3IF9.0)
rezerves column 1 for meachine comtrol, cols 2-19
for the wariable name, and cols 20-28 for the 'X'
comordinate, ecols 29-37 for the "Y' co-ordinate,
and eols 38-46 for the magnitude of the wariable.

Data cards: The data cards are punched in accordance with the
variable format statement contalned Iin the second
conkbrol ecard,



DECE-MAKE-TF:
i, SJOB Monitor Control Card
ii, Fortran IV Source Program Cards
iii,. SDATA Control Card
iv. First Control Card
v. Second Control Card
wi. Data Cards
Hote: This program iz designed to be read on input-tape 5 and

write on output-tape &, It can be adjusted ko sult the local

computer installation be changing the > and & on source program
cards SPADIOLZ and SPADICL3 respectively.



NAME (1)
A1)
¥(I)
(T
BOM, MA)

MCOL

RETG
I
AW
RHW
MHE

MANE

MASH

REW

MASE

LIST OF SYMBEOLE USED IMN THE FROGEAM

FLOW=-CHART

Humber of spatially distributed variables

Variable format

Option for resldual primt-out

Option for reclprocal transfermation

Option for log transformations

Name of wariables

% co-ordinate of sach wariable

¥ co~ordinate of each variable

Value assigned to each wariable

Initial matrix of correlation, M and MA equal 15
The eolumn of the large correlation coefficient

The rovw of the large correlation coefficient

The largeast correlation coefficient (Absolute value)
Column to the lefr of RBIG

Row above RBETG

Upper left diagonal correlationm coefficient to RBIG
Column to the vight aof BEBIG

Row ahove RETG

Upper right diagomal correlation coefficient to RBIG
Column to the left of RBIG

Fow below RBIG

Lower left diagonal correlation coefficient Co EBIG
Colomn to the right of BBIG

Bow bLelow BRIG



H{MF, MAF)
HECOL
MAFROW
HBIG
MERW
HAFEW
HIW
HFKE
HHE
MESH
MAFSW
HEW
MFSE
HAFSE
HSE

G(MG, MAG)

HGCOL
MAGROW
GRIG
PX

PY
ZZ(I)

EXVAR

Lower right diagonal correlation coefficlent to RBIG
Matrix of fine correlation coefficients, MF and MAF « 10
The column of the largest fine correlstion coefficient
The row of the largesc fine correlation coefficient
The largest fine correlation coefficient

Colum to the left of HRIG

REow above HBLG

Upper left diagenal correlation coefficient to HBLG
Column to the right of HBIG

Upper right diaponal correlation coefficient to HBIG
Column to the left of HBIG

Row below HEIG

Lower left diagonal correlation coeEfieclent to HBIG
Column ©o Che right of HBIG

Row below HBIG

Lower right diagonal correlation eoefficient to HEIG

Matrix of very fine correlation coefficlents MG equals
MAG equals B

Column of the largest very finme correlation coefficient
row of Che largest wery fine correlation coefficlent
The largest very fine correlation coefflcient

The 'X' co-ordinate of the point of highest correlation
The '¥' co~-ordiante of the point of highest correlation
The residuals

Explained variance,



SPADI

GENERAL FLO

Faod
M, FMT

WCHART

read | reod

T kaT.RGT [T | NAME(]
KET X7 ¥ [

L E’l )

calculal @
averoge and

sftandard daviadion

af '{'..II

-

correlate £ (]
with rociprocals

qrld far i [ I'rr;r: ziri—du:d's
co-ordinofa N 3 |
rafaronca = |
- cqrrr!;:tnlte z [1]
W oq
correlota Z(] | HEf:zﬁ}—————F——— .
whih disfoncas . of distancas
from £[] to
qrid reference M
polnts !
writa
i *
1 R [M, ma]
locate and
fdantity laorgeast i ;
obsoluto coarrelatlian wrile
coafficient MCaL
MAR QW
RiIIG
“ |
* e
Icllr;fr.gi:':_:c::‘ Lﬂﬁ;;:ﬁl it ROIG on odjust accordingly
' and row o lacatlen of fin
1 e a
HB?G column of arid fae nhileal
trl :
ta establish lacallaon matriz R ef corralations

of flne grid

y

=i




willa wrile write wWrite
R HW B MNE 5] MSW MSE
BMNW MANW MANE, RNE MASW, RSW MASE, RSE
1
cun;Lrucl : - . II:I:IFI‘GI-EIE E{l}
ina e d KPTiO + with rﬂlnlprncﬂlu
of distanca
Mo r
correiate 2 [l =
with distancaes
from 2 [I] te = En‘”MTm Z {1
KET:O wilh log
flna grid of distoncoes
rafaraenca polnfa
i
locote and WRITE -
|danilfy lorgest
carrelollon H [MF'MAF]
coefficient
3
f d ident
T loca ‘El an Ien iy HOHELE an
coafficlants diogonal o R 2l
MFCDL —1 1o HBIG to esiablish | ;
MAF ROW locatlon of wary fing grid T I.||.'n||'| ?
HEIG mafriz H
wrlite welt e write ndjust very
MESW | MFNE P F N W < fino grld for
MAFS W MA&FNE MAF NW next ”'Iﬂ‘
HS W HNE HNW correlatlons
| e construct
| MEJE Q
| MAFSE vary Ting grid
HSE i




s corrolute 2[(]
T | - _
BT 0 wilh raciprocal
—|—1 ¥
T, e | i
dislianca
M
corsobate B ]
il dist ces
‘:I 1 Ems.llun ¢ F= correlate £ [i]
el [' r.ﬂd | KET:0 | with log of
vizry Tine gri . FOREE e
raforenca poinl
A
writo
G[MB, MAG]
logate and write locate and [dantaTy
identify largast MGCHL AR
corralation MAGR DWW co-ordinoles
coofliciant GRIG
wrile
coloculata
wrlle = EH-"LT'G | rasiduois Y PR
2z [1] from PY
Zz :[J"I: |"|-I' reqrassion
da nal
wiito
2z 1]
calculaote wiile Srrbp
EXVAR EXVAR =
=
—

B

FREYAR 10,05
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