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ΙιIΙ·)rτ"eΙ·,Ιί'_,Il:5 belwJ":en ,lr.JInoJ'If> b.If;Jn vdI'j,ILIIcs: 
using Corrcsp"nd,}rIce AI,ClI YS Ι~ 

.';;ΙJrnΠΙ<'J.rγ 

Searching ('ΟΓ the inteπelatlons between draίnδqe ba~in 

Vdr14ble9 we uged CorresP'JlJdal1ce ana1Y919.U91ng this t.echj
que from a two dlmenslonaL mdtrlX wIth 37 C'olumns represent
ing various morphometric variables we tried to extr4ct the 
maximum οΙ jntormation. 

The visuaI inspection οΙ the resultIng 9r~ph ~r simuIta
neOU9 repr~gent<ltl('>n οΙ sInpIes <'J.fld vi\fi.'thlt~S 1:'1 lπ~ΙτιιπιP.IlI ... 1 
ίπ ShOwlll'1 U3 the Γ~IdtIOfl3hip b~twccl) v,IrldbIe~ cJ.rJIl 

jndividtIals. 
It ί9 certain that the degree ΙΟ which fluvial variables 

interdct depends οη variou9 factor9 such δS structure,lithology 
downwdsting processes and the stage of basin development.It can 
be concluded that the correlation between the morphometric ele
ments has d trend Ιο increase from low Ιο hlgh stream orders. 

1.As. Professor.Democritus University οι Thrdce.Dp. EJectr.Engin. 
2.L~cturer,University of Athens.Dp of Geography and Climatology 
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Στην παρούσα εργασΙα μE~Eτάτα~ η σx~ση των μEταβ~ητωv μ~α~ 

υδρoγραφι~~ς ~ε~άvης χρησιμοποιωντας τη μ~80δo της Correspondance 
Analysis. Έτσι, ξE~ιγώγτας με ένα πΙνακα δύο διαστάσεων που ~XEι 

37 σT~~Eς που αντιπροσωπεύουν διάφΟΡΕς μopφoμEΤΡΙK~ς μEταβ~ητές 
προσπαθούμΕ να ΕξάγουμΕ το μ~γιστo των π~ηpoφoριών από αυτά τα 
δεδομένα. Η προκύπτουσα γραφιl(f) παράσταση δΕ(ΧΥΕΙ τις "σχέσεις" 

μεταξύ των' υπό μΕΛέτη μεταβλητων και των υπo~ΛEl(ανών του 
συστ1')ματος. ΕΙναι προφανές, οι σχέσεις των διαφόρων μεταβλητών 

μιας uδΡΟΥραφLκής ΛΕκάνης Εξαρτώνται από ποικ(Λους παράγονΤΕς, 

όπως η δομ1'). η ί\ιlJοi!ΟΥtα, Οι διαδιl(αο(ες διάστρωσης. το στάδιο 

ΕξέΛιξης κ.Λ.π. ΣυμπεραΙνΕται ότι η μεγαΛύΤΕρη συσχέτιση των 
μσρφoμετριtιών μεταβλητών παρατηρείται οε υΠOίlεKάνε1; μεγαίl'ύτερηι; 
τάξεως. 

CόrreSΡοndance analysis is a relatively new multtvarlate 
statistical method developed by Benzecri (1973). We have already 
emphas,ized the use οΕ this method ίη geomorphological data 
(Gournellos and Karakos, 198~). 

Ιη this paper we try to search for the interrelattons 
between different variables of a drainage basin. The data come 
from the Vouraikos basln σΙ North Peloponese (Gournel1os and 
Stasinoulias unpublished work). 

Ιη the analysis we have used the program Praxitele developed 
at the Universlty ο! Thrace (Karakos 1966). The program 
cal~ulates the Eigenvalues (TABLE 1) and it computes for each 
sample and each variable their contributions and the cosinus οι 

thelr angle with their resulting factors (TABLES 2,3). 
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InterΓel~tions between drainage basin varlables 

We have used a t.o dimenslonal array of 9 co!umns 
representing sub-basins of a drainage system λπd 37 rows 
representing morphometric varlable6 sUch as, areas. perimeter6. 
lengths, numbers ο! streams, e.t.c. The advantages οΕ 

correspondance analysis are the use of continuous and 
discontinuoU6 varlable6. and the simultaneous representation οι 

samples and varlables (Figure 1). COntinuDlls varlables have been 
transformed to discrete varlables by dividing the ranges ο! 

continuOu6 data into a proper number ο! discrete pieces. We have 
used ΙίthοlοgΥ as our discontinuQus varlable. 

The interpretation of the Graph (Figure 1) must be baBed οη 

the fact that the point5 of variables _ί11 show thelr mutual 
correlations, and a1so the dίfferent cluster6 οΙ sampIes _ίΙ1 

suggest a "genetic" rel03tionship. It ίΒ ίmΡοrtδnt to remember 
that we represent ίη two-d1menslonal space, two multi-dimensionai 
sp~ces (samples and variables) and ΒΟ ί! 15 necessary a150 to 
cousider the angle (coslnuS) οΙ ·each varlable (or sarnp]e) ίη 
relation to its factor. 

O~r attempt was to have the besΙ posslble projection οΙ tho 
varlables and sample points. The program εββίΙΥ enables the 
definition οΕ some supp1ementary variables which are not 1ncluded 
ίη the βηβΙΥβίΒ but which way have.their projections οη the 
Graph. These supp1ementary var1ab1es are ίη Table 3Β. The 
variables which real1y participate and contribute to axes: 
formation are those ίη Table 3Α. Figure 1 depicts the 
projections οΕ variab1es and samp1e points οη the first and 
second factorial axes. The percentage οΙ ίηεΓΙίθ ίη these axe5 
ί" 59,6'1ι whlch mealls a good representi'ltion οΙ the orig1na1 
varlabtes. fol10wing a νίΒυδΙ inspection οΙ Figure 1 and us1ng 
the data οΙ Tables 2, 3Α and 3Β we can conclude: 

t.	 There are two distinct group5 οΙ ροίη! samp1es X~'X6,X9 and 
Xl,X3 ,XS'X6 each ο! them havlng htgh contrlbution Ιο factor Ι 

and 2 respective1y. 
Between these groups there ί5 a third with high contribution 
to the 5econd and third axes. 

1.	 There are several groups οι varlables: 

δ.	 The 1inear varlabies ·such lI8 stre03m 1engths (Ll ,Lz, ••• ) and 
perlmeters wh1ch are qulte _εΙΙ corre1ated. Ιη particu1ar 
there ί8 a good corre1ation between Ιι,Ι].Ι.,Ι&. 

b.	 The areal varlables such as areas (A1 .A4) draln41& 
densities (Dd,D&) and drainage frequences (Fa,Fe ). where 
Α., Dd and Ps a1&0 have δ good cQrrelation. 
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c.	 The relief variables Iike relief ratio (Rh) basln relative 
relief (Rbp) , ... fn. ch"nnel ΙιιΙΙ (!'fCF). aYer"ce ιrround slope 
(θ.). mean stre4m ch4nnel slope (Br.) 4nd Ruggedness number 
(Rn ) 4re a150 50metimes well correlated. 

d.	 It 5eems that very good correlation exi5t5 between basin
-form v~riables like basln length (ΒΙ). basin elosgation 
(ΒΕ) and fotm factor (FF). 

e.	 There are some variables belonging to the same groups which 
are uncorrelated with the others, like areas of first order 
(Αι), number οι streams "(Ν,), average stream length (L:!, ι 

Ltnt). basin width (BW) e.t.c. 

3.	 The above-mentioned groups οΙ varlables a150 have a close 
relatlonship δ6 {οτ example: 
Linear varlables (EL.Lz,LL1.Le,L3) wlth areal varlables 
(A~.Dd.Fs) and reliet varlables U1CF. Rhp). 

4.	 Due to the complicated interrelation6 between the varlous 
morphometric varlable6 there ίΒ ΩΟ quich and easy inter
pretation οΙ the result6. 
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Figure 1 

It ίδ a projection of δΙ} samples dnd varlables οη to first 
and second factorial axe~. The samples represent 9 sub-baslns οΕ 

fourth order. The Underlined varlables represent princlpal 
varlables (ΤΑΒΙΕ 3Α). 

The varlables are: 
1)	 Stream numbers (Νθ.ΝΖ,Ν3.ΣΗ) and bifurcation ratios (Rb). 
2)	 stream lengths (Le ,L2.L3,Ln,IL.Le ,L2,L3) the link-length ratl0 

(LLR) and stream length ratio (SLR). 
3)	 The basln slze varlables such δΒ area (Al.A), Herimeter (Ρ) • 

baSln length (BL), basin circularlty ratio (BCR). basln 
average width (BAW), basln elongatioη (8Ε) and form . fιι.ctοr 

(FF). 
4) The texture οΕ dissection varlables such 65: density οΕ Llnks 

(D",D1.D3.Dd), frequency of Ιίηκs (Fe,F~,F],Fo) and the 
draina~e texture r~tio (DTR). , 

5)	 The reIief vιι.rί~bΙes like: relief ratio (Rh), basln reΙιι.tίve 

rel~tive relief (RhP)' .maln channel fall (i'1CF). the average 
ground slope (θ.), the mean stream channel slope (θ~). the 
Ruggeduess, number (Rn ) and 

6)	 The lithology (Ro ). 

PREMIERE VALEUR ΡRΟΡRΈ '(TRIVIALE), 

ΙΑ/Α νΑΙ PROP CUMUL
1
, 

2 40.473 40.4730.40472952
ι 

3 0.19135226 Ι9.135 59.60,8 
0.15082563 15.083 74.691 

5 0.10190776 10.191 84.882 
6 0.07670007 7.670 92.552 
7 0.03406861 3.407 95.958 
Β	 0.02847387 2.847 98.806 

0.01194258 1. 194 100.000 
Ι • 

• 

Ι 
ΤΑΒΙΒ Ι 
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CONCLUSION 
--_.-_-~-_ ...,. -"

The wide-spread use of computers make very complicatE 
mathematical problems seem trivial. Multivariated statistlce 
methods are sometimes ver)' U5e[ul 111 studinι;r the interrelat lor 
between a number οΕ varlables ίη Physlcal Geography dnd Geolog) 
ΟΠ the basln of COTrespondance analysis we can combined tl 
advn.ntages οΕ R- al1d Q- 'mode analysis while slmultane\Jsl 
observing the results. 
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Α multivariate analysis at two drainage baslns (unpublished), 

J.	 T.Gournellos and A.Karakos (1989): 
Using Correspondance analysis to geomorphological data EUG V 
Str8sburg. 

4.	 A.Karakos, PRAXITELE. Logiciel conversationnel. d'Dnalyse
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GLT POID INR 1"FACT COS CTR 2"FACT COS CTR 3"FACT COS CTR 4"FACT COS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

ΧΙ 
X~ 
Χ, 

Χ" 
X~ 
Χ6 
Χ7 
Χβ 

Χ9 
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920 
947 
930 
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960 
963 
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111 
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,Μ 
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68 
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-456 
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751 
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609 
5 
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4 
511 
420 

160 
1 

110 
291 

58 
101 

1 
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123 

-155 
752 
411 
-96 

-364 
-609 
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-469 

53 

25 
578 
181 

8 
165 
379 
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3 

lIt . 
328 

98 
5 

77 
215 
133 
128 

2 

451 
430 
163 
286 

-284 
-127 
-702 

243 
-461 

213 150 
189 136 

29 20 
66 60 

100 59 
17 12 

522 363 
54 44 

198 156 

109 
336 
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-42 
175 
118 

-404 
-445 

509 

13 
115 
135 

1 
38 
14 
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179 
241 

TOTAL • 180.0 1000, 1000 1000 1000 

TλBLE2 

CTR Ι 

13 
123 
138 

2 
33 
15 

178 
216 
282 

1000 

5"FACT COS CTR 

21 Ο 1
 
-245 62 87
 

355 135 183
 
61 351

-536 357 417
 
281
 81 114 Ι-119 15 20 

-135 16 26 
318 94 147 ! 

1000 ! 

6"FACT COS CTR 

249 65 
-199 ' 40 

102 11 
-96 8 

88 10 
-357 131 
-59 4 

67 4 
205 39 

203 
129 

34 
30 
25 

416 
11 
15 
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1000 

... 
U1... 

Ι 

Ι 
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SLR 10 Ι 
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Αι 112 Ι 
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ΒΕ 14 
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A/AΙ~! 

1 ΖΖ1: 
Ν. Ι 2 ΖΖ2 

3 ΖΖ3 
NL 4 ΖΖ4 

5 ΖΖ5 

Ν3 6 ΖΖ6 

7 Ζ11 
L. 8 Ζ12 

9 Ζ13 
Ll 10 Ζ14 

11 Ζ15 
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13 Ζ17 
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15 Ζ19 
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946 28
 
95~ 33
 
957 17
 
930 28
 
930 22
 
975 17
 
975 33
 
916 28
 
916 22
 
979 28
 
979 22
 
931 22
 
931 28
 
990 22
 
990 28
 
916 28
 
916 22
 
985 11
 
985 39
 
985 11
 
985 39
 
999 28
 
999 22
 
996 17
 
996 33
 
853 22
 
853 28
 
975 28
 
975 22
 
994 33
 
994 17
 
975 17'
 
975 33
 
901 39
 
901 11
 
996 33
 
996 17
 
993 17
 
993 33
 

180.0 

INR 

28
 
22
 
17
 
33
 
22
 
28
 
33
 
17
 
22
 
28
 
22
 
28
 
28
 
22
 
28
 
22·
 
22
 
28
 
39
 
11
 
39
 
11
 
22
 
28
 
33
 
17
 
28
 
22
 
22
 
28
 
17
 
33
 
33
 
17
 
11
 
39
 
17
 
33
 
33
 
17
 

1000
 

1"FACT COS 

990 784
 
-792 784
 

479 458
 
-957 458
 

338 143
 
-423 143
 

927 429
 
-463 429
 

773 748
 
-967 748
 

553 382
 
-691 382
 

703 396
 
-562 396
 

725 421
 
-580 421
 

436 238
 
-545 238
 
1400 560
 
-400 560
 
1400 560
 
-400 560
 

143 25
 
-178 25
 
1285 825
 
-642 825
 
-425 145
 

340 145
 
608 462
 

-760 462
 
524 550
 

-1049 550
 
927 429
 

-463 429
 
-137 66
 

480 66
 
340 232
 

-681 232
 
-695 ~42
 

348 242
 

CT.R 

54
 
43
 
19
 
38
 

8
 
10
 
35
 
18
 
41
 
51
 
21
 
26
 
27
 
22
 
29
 
23
 
13
 
16
 
54
 
15
 
54
 
15
 

1
 
2
 

68
 
34
 
10
 

8
 
25
 
32
 
23
 
45
 
35
 
18
 

2
 
6
 

10
 
19
 
20
 
10
 

1000
 

/2"FACT COS 

136 15
 
-109 15
 

430 369
 
-860 369
 

730 667
 
-913 667
 

539 145
 
-270 145
 

328 134
 
-410 134
 

172 37
 
-215 37
 

380 115
 
-304115
 
-641 329
 

513 329
 
-679 577
 

849 577
 
-647 119
 

185 119
 
-647 119
 

185 119
 
202 51
 

-253 51
 
-391 76
 

195 76
 
730 426
 

-584 426
 
-182 42
 

228 42
 
134 36
 

-269 36
 
539 145
 

-270 145
 
-173 105
 

607 105
 
-107 23
 

214 23
 
768 295
 

-384 295
 

. 

CTR 

2
 
2
 

32
 
64
 
77
 
97
 
25
 
13
 
16
 
19
 

4
 
5
 

17
 
13
 
48
 
38
 
67
 
84
 
24
 

7
 
24
 

7
 
6
 
7
 

13
 
7
 

62
 
49
 

5
 
6
 
3
 
6
 

25
 
13
 

6
 
21
 

2
 
4
 

51
 
26
 

1000
 

Ι 3"FACT 

321
 
-257
 

-17
 
34
 

-146
 
182
 

Ι 219
 
-110
 
-104
 

130
 
-242
 

302
 
166
 

-133
 
-38
 

30
 
-177
 

221
 
Ι 681
 

-195
 
681
 

-195
 
810
 

-1013
 
59
 

-29
 
_ -252
 

202
 
-472
 

590
 
-209
 

418
 
219
 

-110
 
428
 

Ι -1496
 
286
 

-571
 
896
 

Ι -448
 

i
 

COS CTR 

83 15
 
83 12
 

1 Ο
 
1 Ο
 

27· 4
 
27 5
 
24 5
 
24 3
 
14 2
 
14 3
 
73 11
 
73 13
 
22 4
 
22 3
 

1 Ο
 
1 Ο.
 

39 6
 
39 7
 

133 34
 
133 10
 
133 34
 
133 10
 
821 121
 
821 151
 

2 Ο
 
2 Ο
 

51' 9
 
51 8
 

279 41
 
279 51
 

87 10
 
87 19
 
24 5
 
24 3
 

~40 47
 
640 165
 
163 18
 
163 36
 
402 89
 
402 44
 

1000 Ι 

4"FACT COS CTR 

280 63 17
 
-224 63 14
 
-210 88 14
 

420 88 29
 
27 1 Ο
 

-33 1 Ο
 

837 351 115
 
-419 351 57
 

-30 1 Ο
 
37 1 Ο Ι
 

-462 267 58 r
 

578 267 73 Ι
 
-435 152 41
 

348 152 33 ι
 
109 10 3
 
-87 10 2
 
197 49 11
 

-246 49 13
 
-763 166 63
 

218 166 18 Ι
 
-763 166 63
 

218 166 18
 
-249 78 17'
 

311 78 21,
 
22 Ο Ο Ι
 

-11 Ο Ο
 
-195 30 8 i
 

156 30 7 Ι
 
-130 21 5
 

163 21 6
 
67 9 1
 

-134 9 3
 
831 351 115
 

-419 351 57
 
-47 8 1
 
163 8 3
 
335 224 37
 

-670 224 73
 
94 4 1 Ι
 

-47 4- 1
 

1000
 

5"FACT COS 

-1 Ο
 
1 Ο
 

141 40
 
-283 40
 

267 89
 
-334 89
 

161 13
 
-80 13
 
-87 9
 
108 9
 
347 150
 

-434 150
 
-395 125
 

316 125
 
474 180
 

-379 180
 
-8 Ο
 
10 Ο
 

-133 5
 
38 5
 

-133 5
 
38 5
 
41 2
 

-51 2
 
294 43
 

-147 43
 
-493 194
 

394 194
 
-297 110
 

371 110
 
-395 312
 

790 312
 
161 13
 
-80 13
 

-103 37
 
359 37
 

-311 193
 
622 193
 
157 12
 
-78 12
 

CTR Ι 

Ο 
Ο Ι 
9 Ι 

17
 
26
 
32
 

6
 
3
 
3
 
3
 

44
 
54
 
45
 
36
 
65
 
52
 
Ο 
Ο 
3
 
1
 
3
 
1
 
1
 
1
 

19
 
9
 

70
 
56
 
32
 
40
 
68
 

136
 
6
 
3 ι
 
5 Ι
 

19
 
42	 Ι84
 
5"
 
3
 

1000 , 

6"FACT 

-31
 
25
 
18
 

-36
 
-51
 

63
 
-162
 

81
 
-89
 
111
 
237
 

-296
 
-389
 

311
 
-246
 

197
 
-102
 

127
 
-80
 

23
 
-80
 

23
 
134
 

-167
 
317
 

-158
 
-91
 

73
 
221
 

-2~7 
5
 

~10 
-162
 

81
 
-113
 

395
 
284
 

-567
 
276
 

-138
 

COS CTR 

1 1
 
1 1
 
1 Ο
 
1 1
 
3 2
 
3 3
 

13 13
 
13 6
 
10 6
 
10 8
 
70 46
 
70 57
 

121 99
 
121 79
 

49 40
 
49 32
 
13 8
 
13 11
 

2 2
 
2 1
 
2 2
 
2 1
 

22 15
 
22 18
 
50 19
 
50 25
 

7 5
 
7 4
 

61 40
 
615 50
 

Ο Ο 
Ο Ο 

13 13
 
13 6
 
45 15
 
45 51
 

161 79
 
161 158
 

38 37
 
38 19
 

1000
 

""
 U1 .... 

Ι 

ΤΑΒLΕ 3Α 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.




