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ABSTRC;.CT 

Infiltration is an i mportant hydrogeologic characteristic 
of a basin because of its influence on interflOl'l,ground.water recharge 
and. overland flm'T. The r a te at vrhich ,vater . enters the soil surface is 
the i n tegrated net result of the ~any edaphic and vegetative inf luences 
that are often superimposed on the inherent geology of a "ra tershed. 

The present study Has conduc t ed in streeter Basin, an 
experimental vra tershed si t'.la ted in the southern foothills of Alberta, 
Canada. The bedrock, of Porcupine Hills sandstone, is overlain 'rith 
silty to sandy till of varying thickness. Infiltration runs of 3-hour 
dura t ion were obtained by using constant head ' double ring infiltroIT'.eters 
on 48 plots. A total of 13 edaphic and vegetative variables knovill to 
have influence on water intake rates of t he soil surface were measured 
concomitantly at each plot . Such deter~inations were also repeated 
on another 80 plots in similar vegetation types in the vicinity to 
provide test of the predictor quality of the models. StepI'lise 
regression and varimax rotation of the factor ,·reight matrix Here used 
to determine relative importance of the variables . Multiple linear 
regression models and principal components regression models were 
derived for extrapolation purposes. 

Principal components prediction I-Tas better than or at least 
as good as the multiple regression prediction. Allied 'ri th the 
decision on the total number of variables is the equally important 
cons idera tion regarding the total number of components to be included 
in the model. Optimum. choice can make the difference in the 
superiority of one model compared with the other. 
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'I~ere has been recently an incYeasin!; a':·rareness that most 

jydrOiSeo1ogic p ro cesses are lllulti'la r i8.t e in natur e i n that several 

va:ciables operate cO:lcuryently iY'. suc~ syster.1S . Si:nple deter::{).inist::.c 

"cause - and- effect" relat i onships are easy to discern "r!"len 

:-,yd.rogeologic probler:-,s a re isolated and cO:lsidered in yelatively 

snmll segment s. However as the number of variables . i ncrea s e s 

considerably , nUClerous interactions and partial dependencies complicate 

tr.e picture and blur the sharpness of t he classical cause-and-effect 

approach (Krumbein, 1969), making it exceedingly difficult to deter;r.ine 

precisely ,·rha tactually IIdri ves II the system. 

One possible solution to such complex situations, of course, 

is to select a minimum nUl!lber of the most i mportant operative variables 

and to confine the study to a fe,'; interactions and combinations. 

Further , as in a greenhouse study, some of the variables can be kept . 

constant and others allowed to vary according to . the range of 

observations needed on each input variable. Quit e often such 

mechanisms do not have counterparts in nature where most of the 

environmental factors change frequently and concurrently. 

Multivariate data analysis provides a possible alternate 

analytical tool to deal with complex ecosystems. The variables can 

easily be considered concurrently and can be · allowed to be numerous, 

zubject t o the data handling capaci t y of the modern aGe computers. 

By usinc; i nformation on a l arc;e number of variabl es it is possible 
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~o av~id ~erso~al oias a~d p~e~ere~ce for a ~e~ selec ted characteristics , 

only a ~ew c~ose~ vari~bles (Git~ins , 1965) . 

models in pr edicting hydrogeological response i~ are~s si~ilar to 

t::ose frOt:1 \·rhich they are derived. The study vTaS conducted i n streeter 

Das in, a gauged vTatershed establi shed for studying the hydrol')gy of 

a spen f orests and as sociated grassl ands of southern Alberta (Jeffrey ,1965). 

METHODS 

Constant head, double ring infiltrometers\.,rere used to obta i n 

direct measurements of water intake at each site during a 3-hour 

run. A number of' concomitant measurement s ,.,rere also made on edaphic 

and vegetative variables as listed in Appendix 1. Sixteen sites Were 

taken in each of the eight vegetation types (Appendix 2) present on 

the watershed. As the entrance of water at the soil surface is 

primarily determined by the conditions existing near the surface layer 

most affected by management practices, the edaphic variables included 

in the study were those measured w~thin the top 3 inches of t he mineral 

soil. 

Vegetation units 3, 4, and 8, each \'lith 16 samples , \-rere used 

in the derivation of models. step\.,rise regress i on and varimax rotation 

procedures were used to a ssess the re l at ive importance of variables 

included in t he study . Multiple linea r r egre ssion model s were obtai ned 



for e ::::. .::h of t h e s e veg et[:.~ io!l ty-:;>es a:::d also si~;:i::"a::cly derived for a 

co nbi!lation o f the three suo - sets \-Then g rou:ped into a single set ' 

re:present ing the aSpel'. parldand. vegetation in general . , In the ' l atte r 

case dUri:ClY variables GR , SrI , FOR I'rere incluCied t o i ndicate '1;'he 

presence or absenc e of the vegeta t ion type represented by each . 

Predic tion ca,pabili ty of the derived r~od.els Has tested 

lofhe:n appl ied to t he experi mental data obtained. for the r emai ning 

5 vegetation UJlits (1, 2, 5, 6 and 7) . Prediction errors and r e l a ted 

statistics were calcula ted to de termine the extrapolation capacity of 

the mode]s in each case. 

RESULTS AND DISCUSSION 

Table I provides a s~~ary of data from the three vegetat ion 

units (3, 4, and 8) each representing a main vegetation type of the 

aspen parkland on the watershed. Multiple correlation coefficient (R) 

and standard error of estimate for the mo dels derived from these lli~its 

are listed in Table 2. R ranged from 0.96 to 0.99 for the stratified 

populations, and 0.80 to 0.81 for the combined units using, in addition, 

the 3 dumrny variables. T/Tithout the dummies, theR is 0.73 for aspen 

parkland vegetation when so grouped . Errors of estimate were lm-rer for 

stratified than combined populations. High Rand low errors of ' 

estimate for the stratified populations actually did suggest that these 

Hould be good models for extrapolation, altrlOugh the r egression 

coefficie:lts are l ikely t o be relatively lli~stable because of the fev' 
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The step~is e ~~l t iple re;ressio~ program (Kozak and Smit~ ) 

191'-) _ 0) s:".O'.·re;::' the Telative ir::portar:.ce of val"iables as l is ted by their 

ranl.: i!1 ':!:'ab 2. e 3. Obviously t~e ra~k is influe::1ced by the vegetation 

u.n.:;.. v to ' .. in ic"i step\rise regression is applied because in each of t~ese 

types the variables are ranked di:Z'ferently . This is mainly due to the 

nu1t icollineari t i es existing anong the independent variables 

(Cavadias , 1964 ) as evident fro:n sor~.e of the eigenvalue s of the 

u.'1rotated factor "[e i ght matrix (Tabl e 4) YThich are zero or estimates 

of zero (Krumbein and Graybill , 1965). Components 12 to 16 taken 

together , for example, con~ain l es s than 1% of the total information 

content of all the variables. 

Tables 5, 6and 7 present the results obtaine~ using the . 

models derived from vegetation units 3, 4 and 8, when extrapolated 

to vegetation units 1, 2, 5, 6 and 7. Although t hey differ 

considerably in terms of predictions within and among the five 

vegetation unit~, a comparison can be made of the mean error terms 

(i.e. average prediction error per observation unit for a total of 

80 such units): 

Mbd.el 

A. Strat ified multiple regression 

3 . Co mbined multiple r egression 
(including 3 dumrr~ variables) 

C. Co:nbined multiple r egression 
0:-, prir.cipal co'qone:-:.ts 
(including 3 dummy vari ables) 

Mean prediction error 
Absolute Actual 

30.5 -16;5 

+ 4.0 

- 2·9 
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Jot~ ac ~u~l 2~~ abso:~~ e error acc~~~lat io~s a re lo~er i~ the 

/ \ 

t :-!8 p:.:'8ciicteci val"t.:.e ( Y- Y) , t:"e posi:;ive errors r E::presen-: an und.e:c-

es tir.:at e and. t he negative errors an overestirf:.at e . The di f ference 

be tw-een :'he average predic t ed valQe and the actual va lue is a 

r;.easure of bias and the results therefore shovl that the model "l-rith 

least bias in the present case is that incorporating regression on 

principal components. 

Varimax rotation of the principal component (factor "reight) 

rriatrix shm-Ted. that three variables, namely Sjlj ID, SILT, and CLAY, can be 

o'2itted without any adverse effect on the predictive quality of the 

models. The mean prediction error when this vlaS done amounted. to; 

Mean prediction error 

:Model 

A. Stratified multiple regression 

B. Combined multiple regression 
(including 3 dummy variables) 

C. Combined multiple regression on 
principal components (including 3 
dummy variables) 

Absolute Actual 

16.1 :.. 4.5 

7.7 - 2.7 

7.7 - 2.7 

Although individual predictions were not identical, the models 

Band C gave equal mean prediction errors '-Then rounded and these were 

superior in prediction to models containing all the variables. 

Using a different total n~~ber of components obviously gives 

clifferent estimates of t:-,e :nean prediction er:cor for the same nur;,be r of 

varia'::Jle 3 i n :;:-.e :;:oclel . P:ceCictio::1 of the principal co:npon en t model ,..;as 
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c2.se of tile fir s t ca t C,3ory of r:-_o ~els ( Taole 7) \/:lere 8.11 va.riable::: 

had been includec. in the mod.el buil<li~'lg process. Evidently much 

depends on the cho ice of the total nl:r:lber of co ::r~p onent s to be 

incorpora ted. in the pr ec.ictior_. ccl'J.c. tion . 

Thus, allied Viith the decis i on as to the number of 

variables t o be us ed in the predictor rr:.odel i.:; the equally i ngorta:::t 

consid.eration regarding the choice of total nu~ber of cowponents 

to be retained in the model . Leaving ~ore cO::lponents out [",eans loss 

in total information content and consequent ly a reduction in 

extrapolative pOl·rer to some extent, and including more than the 

op t i m'm necessary has a deleteriou s rather than 2 useful effec·t . 
.-> 

i n creased use of multivariate tec~iques in future vnll undoubtedly 

leAd to development of more exact and rigorous criteria to decide 

this criticRlquestion. Wallis (1968), for example, has suggested 

that most experimental hydrologic data have sufficient multi-col~ 

linearity for the 0.995 explained information content (variance ) 

to . be effective . This appears to hold good in the study reported 

here. Including less than the optim~~ number of components would 

generall y make the principal component prediction inferior to that 

of the multiple regression. 

A wide range of models is currently being investigated 

and are expe cted to shed further light on improved criteria to do 

an effective prediction job viliile extrapolating . 
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Col e 

Xl ST 

X2 

X3 GL 

x4 BA 

X5 CC 

x6 OM 

X9 ED 

Y~O Sand 

Xll Silt 

:X~2 Clay 

Xl3 PORS 

1 

\faric..bl e 

Consta:lt in the preiic ~io:::. ::-.odel 

P .... "!.teced.ent rl'-oisture (10 . 'oy ,·reigr-.t) 

Ground litter' (f'yesh c..ecorr,:?osed r:laterial on g~a ss and. 
forest lands, expressed as ~ercentage of gro~d 

surface) 

Basal ayea of grasses and foros ex:;>ressed as ~ercent 
~yoportion of gro~~d surface 

Canopy cover (percent ~ro:?ortion of ground surface 
covered by the vertical ~roj ec tion of live aerial 
payts ) of grasses and forbs 

Organi c matter (%) in soil 

Water holding capacHy : moisture content · C%) of 
an undisturbed and sa L;Ul"a ted soil after free 
drainage has pract ically ceased 

Hilting point : moisture content (%) ofa soil 
sa:!',9le after reaching equi libriur:i.wi th a.'1 .auulied .-..... .. 
p re ssure of 15 atmos~heres 

Bulk density 

Sand % (0.05 - 2 .0 ~m ) 

Silt % (0.002-0.05 mm ) 

Clay % (less than 0.002 mcr ) 

Porosity (total pore vOlume) : percent by volume of 
total pore space of a so i l sample, calculated fro~ 
bulk density and sp~cific gravity: 

PORS = S:;;<::cific SY8-vity 
S~ecific gravity - 3D 

x 100 

- . .j.=-l c::':. 'i:'-. ic varia ales ·' .. ;ere c..etermined fro,~ sar.Tpl ing ",1 t~in t he top 
3 inc~eS of ~neral soil 



" ... I I 1 :..J,. ~~~~c~~~~g the absence or 

:>:15 SH the absence or 
~re5e~ce of s~rub' vege :atio~ 

xl 6 FOn the abse:lce or-
presen ce of for es t ve~etation 

y 1]:1;713 Total infiltra tion (in . ) c.ur-::"ng the 3-hr r1.h'1 



C0c~.e 

1 

2 

3 

4 

5 

6 

7 

8 

. Pnyl~ P:~~e:.::..~~ :)~"' 2.. tel'".:.se , c gr2.s .s~2.!_ '-:' SU·:J - type cO:lfine d. to 
valley cot t()~[:S 

ft .. g~o.ssl2.nd s'U~ - tYJ? e cccurI'ir:g O~ 
h " Vl""'C a p··o"' l· "',ell -'- '~or'.) ( : r,.T"'~ .:l nrr ) _ .......... J. J. o .L ~1J. __ L,...... \ ........ c ........ ::s 

s lo:p 8s and 
co r::ponen t 

Dapa-Feid A gra s sland sub - ty-pG coc::::ic:ed pri mari ly t o ri,ige 
tops and dominated by Dar.t[-:~ ia 'oayrii and Festuca 
i dEJ:.oec:s is 

Sal-Eeoc 

Potrich 

Pot r - Ros 

.'1. s hrub ty?e docina ted by Salix spp. and Betul a 
occidente.lis 

A fo re st SQb - t y?e dominated by black popl ar 
( PopQlus tric!:.ocaypa) 

A forest sub - type domina t ed by aspen ( Popu l u s 
tremulo i des ) and an unde r storey vegetation 
consisting primarily of rose ( ?osa acicularis a~d 
Ro sa Hoodsii) --

Potr-Caca A forest sub-type dominated by asnen and an under­
s. to rey primarily of reed grass (C~lamagra stis 
ca nadensi s) 

Potr-Asco- A forest sub-type dominated by aspen and having an 
Epan 1L."'lderstorey consisting pri!!.arily of shOi·ry aster 

(Aster conspicuQs) a nd firevreed ( E-p ilobit1r.l. 
augustifolium) 
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VuriabJ 
Minimum 

.C 

Grass l and Forest Shr ub 

S'I' 4 .0 0 ·9 3 . 5 

19 . 5 0 .6 3.9 

GL 62 . 5 1. 0 1.4 

BJ\ 5 . 0 · 1.1 2 . 3 

CC 30 .0 1. 2 1.1 

OM 9 ·1 2 . 2 2 .1 

vTH C 1~6. 7 2 . 3 1. 9 

VIP 21. 5 2 . 3 0 .4 

BD 0 . 3 0 .2 0.3 

S.I\l'fD 35 .0 2. 1 0 . 3 

SI L'r 15 .0 1.9 0.5 

CLAY 8 .0 1.5 0 . 3 

POllS 56 .0 1. 2 0.3 

INF13 1.7 1.7 1.7 

SLllnmary of d,1l ta froLIl which mod.els c1.(:l'i '/cd 

Maximum 

GrasE:1EJ.nd Forest Shrub 

17 . 5 11~ . ~. 19. 0 

100 8 3 .1 813 .2 

92 . 5 98 . 5 95 .0 

20 .0 5 .0 22 . 5 

90 .0 13 .8 90. 0 

15 .4 15 .7 1 5 . 2 

106 . 2 208 .0 235 .6 

64 .0 136 . 5 95 .0 

1.0 1.0 1.0 

71. 0 60 .0 62 .0 

52 .0 51~ . 0 61k.0 

18 .0 19 ·0 21.'· . 0 

86 .0 89 ·0 136 . 0 

10 .8 313 .6 20 . 5 

,. __ ._._ .,--_. _ _ .. . :. _._- -_ ... - ._ ._- -_.j 

. I 
Menn 

-r~-J .-~.~~~:.-);~(~~~>(~. r(:l;,;~.:.); :i .. ~, ... ;.;~~- .:.-j 
Gra ss l and J~(~rcs-t --L'~~~~~_LC,·~~~'~_·~~_l-~-~-~ ~~~v,· l ·~~·~~.J, 

11.9 10 .8 

52 . 2 )8 .13 

8l ~ .1 96. l} 

9 · 3 3 . 2 

56 . 3 J. '·3 .7 

13 .2 12 . 2 

70 . 5 131.6 

1~1. 8 1~5 . 2 

0. 7 0.6 

51.3 1~ 7 . 0 

37 .6 110 .0 

11.2 13 ·0 

68 .1 73 .1 

5 .1 18 . 2 
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I I I 
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Population 
~i:'l Gar r2;yeSS - ~ 
icY": r::.odel CO!! - : ,='0 tal ! I::eaD 

. . . .... '.""'\....... ' ,' co! ,' .:; -(1 ) S l S '~Ul.g 0 I ::>c. ::::?_e ~ : \ -,-.. . 
! i 

l 
: 1 Gr2.ss1and 13 v2.riables ~6 5.1 !_. 

I I 
1-;> Forest 13 v2. l'iab1es ... ~ 118 . 2 !-- ..!...c 
I I 

b. I 
Shr ub 13 variables 11" !12 .0 _ 0 

i I 
I ! 1 
! I 

I , , . I 
l!i "" parkland 13 variables 48 111.8 ,_.sue •. 
I ~ , 

I 
I 

48 111.8 IAsuen parkland 13 + 3 dU!J1.mi e s 1 ~ 

16 j I ::: variables 
! , 

! IAs~en parkland 10 .. 3 dum:nies 48 111 .8 
::: 13 variabl e s 

I 

i 
I 

R 
: StBLdard. 
! errOL' of 
I • • • 

. C S -S:":Y~2'-Ge 

! ( S2I: ) 
! 
I i 
j 0 ·99 I 

I ! 0.98 
I I 

1
0

.
96 I 

I j 

1 ..., 
~ -J 

6.4 

3 ·2 

I 
1

0 .73 
! 

10.81 I 
7 .1 

6.4 

I 
0.80 6 . 2 

f. 

i SE~ liS 
I 

I ''''er -··-:.~t· ~ ;'-"" j :! 1..; ..... .1._ c..al..: 

I ai' :nea!'l 
I 

t 

25. 1 

35 . 2 

26.5 

60.4 

54.6 

52.5 

!. 
; 

i 
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Te ole h. Individua l anel e llrnLlla tive contri!mtion of p rincipHl CO!l,pOIw nt s 

I 'l"in 

.. - - T - 1----[ cipa l component 3 ~ " 5 6 7 
-- -----~ 

I:.. . 1\1 1 variables 
in el uded : 

Ei/Senvalue 5.05 3.24 2 .88 1.82: 0 .78 0 .67 O . ~ r 

Contribution ( ufo ) 31.6 20.2 18.0 ll.~" 4.9 l.~ .1 2.6 

CunlLl.l ative ( ufo ) 31.6 51.8 69.8 81.2 86.1 90.2 92 .8 

J. except SAlIJD, 
L1' and CLAY : 

Eieen val ue 1+ .56 2.86 2.1~ 1.1.19 0.67 o .~" l~ 0.3 

Cont6bution ( ufo ) 35.1 21.9 16 .5 11.5 5.2 3·3 2.5 

CUlllulative ( ufo ) 35 .1 57.0 73.5 85.0 90 .2 93 .5 96 .0 

1- " 
C "" 



Table 5 . Total and mea.n pred,iction errors using 13~variable lllultiple rc.'Gression predic t i on IOOC1c:J f; d '.:r l -,/ c tl f'l'O [!! 

str a tified populations 

----.. -'--·-------------1 Total prediction error Menn prodic ticn crro:--------1---------:'-----~ -'-' ---,- ---I 
Veget;::t U _o!l Unit I + _ ---r----.~---l---_I_-- I _ -I AbS-O,--1 " ',' 

absolute ac tual 
errors errors sum sum error s I error ::: l u :'; e I Actll::l l

l
, 

I I "um I " W" 

--- --- -- - ----------;-----r,fl'- ---.i,----+----,---;-----i----IIII-~~--~---~'-- II' 

I . Gn1.f·:s J and. 

vall~~-~ - -bot toms 289.3 II 0 I 289 .3 289 .3 18 .1 0 I 18 .1 

Slopes 127 .1 ,108!+.8 1211.9 -957.7 7.9 67.8 75 .7 

F'oJ,'cs t 

Bl[lck poplar 

Ilspen (ro se understory ) 

Asp en (pine grass 
understory ) 

Mean 

I 

100 .8 

29 ·1 

16 .0 

112.5 

90.5 

367 .7 

339.2 

376 .. 4 

, I 

:, ' 

, , 
" 

191 .3 

396.8 

355 .2 

!~88 . 9 ; 

, , 

10 .3 6 .3 5 .7 12 .0 

-338 .6 1.8 23 .0 2~ .8 

-323 .2 1.0 21.2 22 .2 

-1----,. ---- ----

-263.9 7.0 23.5 30 .5 

--- -----

J 8 .1 

0 .6 

- 21.2 

--20 .2 

,------

-16 .5 

['/to'k ] (k, ' i Y C'c] f ' 'll' 
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- .-- -- ---
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.. --.~-
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Aspen i·!:Lth X'o sc undo~cstory 

Aspen 
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--~- -

Cumulative prediction error 
the v ep;cta:t i on unit 

rr~or: + Ab so h.d~o 
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Ta.ble 9 . T.:'te.l and mean precliction errors using a 13-vor:!.abJc multiple reeres:d_on mod el \·,rhen ;~ ;; ! lCl , eLll.. ; l~; d 
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