Y g LI N

Bubluothbque natlonale
duCanada o ?- '

. National Lipr’aq}

i (’(— ..‘.r'

CANADIAN THESES .7 | THESES CANADIENNES ‘

ON MICROFICHE L

. NAME oF AUTHOR/NOH\BE L AUTEUR QRCK.

79@776/ZNI /ﬁwb ) n%;rnes Aum 96:/49

\nue OF THES|S7’TITR£ of LA mfsf I/EG E’7'@7/ o,d

-

‘7HE_ B@KS(. (’REEL Befw

/(/EZY’ YF(QowKAu fg

A/Q,Q 74 wEJ?’

76'6 /”WI(J' = l

UN|VERSITY/UNIVERS\7F S ‘ O

@LE& ,af?

i ‘DEGREE FOR WHICH THESIS WAS meéemeo/ :
- GRADE POUR LEQUEL CETTE mssuw[ Pne‘smrff

Mfg

_| .4' . ,.-./

h

s

/?79

e 'YEAR THIS DEGREE CONFERHED/ANNEE D OF7£NT/0N DE CE GRADE .‘

'NAME OF SUPERVISOR/NOM DU DIREC TEUR DE THESE »' L j)

AH

",',..'w . L ‘ . LN . - [

N

- : PO ‘J\\‘..~

Permlssuon is hereby granted fo the NATIONAL LIBRARY OF .

E CANADA to mlcrofulm thls thesus and to Iend or seII CODIGS}\ OUE NAT/ONALE DU CANADA de m/crof//mer cette thése et' I

Qe

of the fllm. SR : ':.;‘ '

y The author reserves other publlcatuon nghts and neuther the

'-3the515 nor extensuve extracts from it may be prmted or other-
wuse reproduced wnhout the author s wntten permussnon

»

-

Ul

L auto;lsat/on est par la présente accordée a /a BIBLIOTHE RS

de preter ou de vendre des exemp/a/res du II/m . ,.' “..

L auteur se réserve /es autres dro;ts de pub/lcanon n/ /a. .
. : “ -

thése m de Iongs extra/ts de celle-cr ne dorvenr etre /mpnmés o o

ou autre ent reprbc{uts sans / autonsa(:on écnte de I auteur ;

\ \m»\\g

'DATED/DATE /1'144'0' /23 ’97‘7 i} 'SIGNED/S/GNE
. . "‘. .‘ . ot '.,_
R L

| PERMANENT ADDRESS/RESIDENCE FIXE_ .

‘“J//éza-

‘./

5"‘/@&

M Y. LT . v‘,
I T . s . \

TNLeD1 (3474) -

SUR mcnoncus R

. jI,‘.‘:Ji ‘ _".": 1

/./9‘/C0c /k e SRR T

v




I* Natronal\rbrary 61 Canada
_f'w “Cataloguing Branch SR

.+ Canadian Theses Dwtsmn ,__ o
,',_f"Ottawa Canada o \
CUKIAONE L e R
L R : \'\“
" NOTICE.
| e : R - -

. o . L AL .

RS

o '?"The qualrty of thls mtcrofrche is heavnly dependent upon :
-+ the’ quality of the original thesis submitted for microfilm-."
.. ing. Every -effort has been made to ensure the hrghest'*._.v '

‘qualrty of reproductuon poss»ble SEEE ' 2

~ '\\

If pages are mrssrng, contact the universnty whrch

1 granted the degree

PR

‘ Some pages may have mdlstmct prmt especrally if
the orrgmal pages were typed with:a poor typewnter
:f rlbbon or if the umversrty sent us a poor photocopy

-~

[ N

Prevrously copynghted matenals (journal artlcles

‘publnshed tests etc ) are not fﬂmed

o THIS DISSERTATJOIG

. v

o Reproductlon in full or in part of this fllm' is 'g'ove‘"méd SO

by the- Canadian Copyright Act, R.S.C. 1970, ¢c. C-30:

Please read the a‘uthonzatlon forms whlch accompany
‘ .thlS thesrs . _

HAS BEEN MIC/FIQFILMED

EXACTLY ASRECEIVED '
b l qv S

.

ég?.'”

L - LATHESE AETE

e L “}"“\.”\..- L e

lelrotheque natlonale du Canida

Drrectton du catalogage -
DIVISIOI"I des théses canadnennes

- qualnté de Ia these soumlse au mlcrofllmage

_ TSl manque des pages veulllez commumquer avec b
.I umversrte qu1 a confere Ie grade, .
La qualute d’ |mpresslon de certames /pages’ peutj,'i"
" laisser a désirer, surtout si les pages’ ongmales ont-été’
‘ dactylog raphlees ar atded un ruban uséousil’ université-
|

1 . o

Les documents qui. font deja 1 objet d un drort d’ au-

_'teur ('arhcles de revue examens pubhes etc ) ne sont pas L
mrcrofnmes N .

_ La repro ctlon meme partlelle de ce mlcrofllm est
: \soamtse alaloi canadlenne s

1970 C- 6\30 «Veuillez: prendre onnalssance des for-

w

T mules d aufonsatnon-qun accompagneht cette these

MICROFIL MEE TELLE QUE"
“NOUS L'AVONS RE(;UE._ |

| i ,
IE :
. . i .
" . o "
f . .; ». .
\ [ “ ’ |

‘ ‘tout. fait. pour. assurer une. Qu,ahte supeneure de repro- S
mg.ducﬂon R ] ’ﬂwﬂ.‘~ T S

-nous a falt parvemr une photocople de mauvalse quallte cL

r le droit @' auteur; SRC'




| THE UNIVERSITY OF ALBERTA. .
VEGETATION PATTERNS AND MOISTURE AVAILABILITY B I S

JIN THE BAKER CREEK BASIN, NEAR YELLOWKNIFE, I T

NORTHWEST TERRITORIES T) -?f‘f?“;~~5£-, S

R T TR 1 2Rt P
SR EE .- JACK QRIN ,PARK, JR. ;

| “ _I\;[]” A THESIS
SUBMITTED To THE FACULTY OF GRADUATE STUDIES AND RESEARCH ‘,*;»'j'~“gffl§;

r IN PKRTIAL FULFILLMENT OF THE R.EQUIREMENT,_S F OR THE DEGREE

A T T P A .

e j.,L” OF MASTER ‘oF SCIENCE

| : :

DEPARTMENT OF GEOGRAPHY .~ =~ |

'

TR EDMONTOV ALBERTA

'?4€§ SPRING, 1979




i
T

" ) - ~_‘; '\\\ L ' AL L ) ’.j_" N
THE UNryE?sITY QF ALBERTA R

. . BN . N
. .

"giFACULTY OF GRADUATE STUEIES AND RESEARCH

.

////for Qcceptance, a the51s entltled 'Veg ;at101 Patterns and
.4M015ture Avallablllty 1n the Baker Creek Basrn, near Yellow—

't,knlfe, Northwest Terrltorles" submltted by Jack Orln Park,_

4

”a_rJr., Ain part1a1 fulflllment of the requlrements for the:f

ﬂ..degree of Magter of Sc1ence.-_”;;:-;_e : x~ .

3

‘e o e ws e e 0% o o ave e
- . .

b...1979

.’.\o‘..'-..<-.-;...’.-....._."-'..‘a-.»

R



8 e e g
L I L R A
. ABSTRACT -~ o b
- 7>w haﬁ One of the major problems in water balance studies 15‘;r13”

' that of closely deflnlng 5011‘molsture storage capac1ties7*”';"“'{ -

g

: i
_-and‘utlllzatlon for the dlfferent parts of the

fasxn belng

studled Average morsture storage values for dralnage ba31ns Q

are often estlmated 1ncrea51ng the.p0531b111ty of error.

o Varlatlons ‘in surf1c1al cover types create real dlfferenees'
: ' . . \ ,' .
'_"1n 5011 m01sture retentlon and use.‘ Dependlng upon the

'51m11ar1ty of phy51cal condltlons,_a correlatlon ex1st§/

. i Coe

hbetween SOll m01sture storage and surf1c1al cover type. flt;"*

TN

'15 proposed that an 1nventory of surf1c1a1 cover categorlesf7'”

Vand an a351gnment of approprlate mo;sture storage valuesvt03

‘"each w1ll result 1n more accurate 5011 morsture storage ff‘
'vcalculatlons for the baSLn.: | o T |
T The Baker CreeK;Bagln' 4 small subarctlc waterShed on
o the;Canadlan Shleld near‘Yellowknlfe, Northwest Terrltorles,’
f“ag has been studled in a number of waYs but 5011 molsture

‘varlatlons have not been prev1ously deflned The major

'uempha51s of thlS study 1s the’ d1v1s1on of the Baker Creek

N S
PR

;- Bas1n 1nto deflnable surf1c1al cover catedorles based upon>»§;f‘“

‘.'phy51ca1 relatlonshlps developed hn the fleld and in the ff

>*7llterature, a351gnment of 5011 m01sture storage values to

E each and the calculatlon of storage capac1t1es for the basin..s:‘p

N,

The research methodology 1ncludes-\‘ a. comprehen31ve

’fllteratu%e rev1ew' selectlon of nine representatlve areas ;_.xﬁ



R N N <
Yo N . . PR . AR

,for 1ntensxve study w1th1n the basin from aerlal photos and

L-. _‘~

kwfrom the fleld the surveylng of’ two transects 1n each area

‘lto sample the vegetatlon, 5011, permafrostwtable and surf1c1a1

’~_ hgeology, 1nteipretation and mapplng of SUrf1c1al chver ;“'.BU' h

>

categorles from aerlal photos, the a551gnment of mo;sture

' storage valuea to each surf1c1a1 cover type and mapplng of h
4 \\ﬂ

ijolsture storage categorles from surf1c1al cover relatlon- Clie

o

shlps, and the computatlon of 5011 m01sture storage capacxtles

; p'for the Baker Creek Ba51n. " The derlved values are then

'”;ilnserted 1nto the Thornthwalte water balance equatlons for

'.!the basin for each of the 51x years from 1971 1976.

.

The accuracy of the derlved w&ter balance 1s compared

’w1th that of a. prev1ous study 1n the bas1n for the years

l"

1971 1972 -1n Wthh the average 5011 m01sture Ttorage had

o been estlmated Also, the computed m01sture surplus from J;:“_

w;the Thon’thwalte equatlon 1s compared w1th recorded dlscharge
'h‘values from Baker Creek for the 51x years of the study. _ e
?lg" It 1s concluded that the methodology performed ln thls':
;study does produce more accurate sghl m01sture storage
~values’ for the Baker Creek Ba51n than those obtalned 1n
5’ear11er and rougher estlmatlons % In comparlson w1th measured

nstream dlscharges ?rom Baker Creek the Surpluses oF the

Thornthwalte waterrbalance equatlons calculated 1n part from

::,'the m01sture\st a¢ e#yalues obtalned from thls study, were__ﬁf

_,,,/.’_“

T,close 1n ‘some! years and falrly dlstant ln others.g Reasons,
.- 0 o

5fLr thls varlince are thought to be due to a’ varlety of

'As{factors,.p0531bly 1nclud1ng 1naccurac1es 1n the other fourﬂ"'

el ..
B 7 B
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B TSN

B R {parameters of the Thornthwalte equatlon, the ch01ce of less.

' '.;than representatlve areaé/,lthln the Baker Creek Ba31n for

"\

L K
‘»“sampllng ln thls study and yhe a551gnment of less than . __g'
o ’ . o

']Haccurate m01sture storage va&ues for one or more of the

_ “ssurf101a1 cover types.‘ SR SR ,»m-‘_,tv
T R C el ' e
'V&f” L ;»; It is belleved that the ba51c premlse of\thls study ,"
R was sugported~‘ the Thornthwalte water balance for the Bakerss~:“

] ”'Creek Basln 1s a closer\fit u51nq calculatea 5011 m01sture 3

N . 'u‘." kY
G }_‘l,storage\values based upon a ﬁumber of categorles than uslng

@

: é;id a 51ng1e estlmate.- Wlth further study the research can be"’;":fg

. ;fexpanded to 1nc1ude a greater portLon of the ba31n and more-?‘g B R
R ML - g _ PR R R 4
P .aclosely measured values for~the 3011 m01sture categorles, R
:.t"_“"i’ T e
but thas step 1n more closely deflnlng reglonal varlatlons

!~ " - v

is a useful oneJn the study program.fﬂ?‘

1
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CHAPTER ‘ONE

R

HINTRODUCTION Y

'f{PROBLEM .‘:‘Tfugj f'.f.yr 3/: - -,4-,7%
AR I R R

' There are many 1nformatlon gaps ln o/; understandlng.l

hf_of water balance pattenns in subarctlc reglons of the world

_One of the main reasons for thls 1ncomplete perceptlon 1s a j‘

'pauc1ty\of data, espec1ally for the Canadlan North ) In that
B 5, ya .
- portlon oﬁ\:he Great Slave Lake dralnage bas1n whlch lles-

"'1

Ftw1th1n ‘th Iorthwest TeJPitorleSI ﬁor exampqe,)the denSLty

b

5of cllmatologlcal statlons and the dens1ty of streamflow

"gauglng Jtatlons are both one statlon perf33 l8l square

1‘kllometers (Canada, Dept of the Env1ronment, 1972, Canada,ft

vare avarlable 1s further llmlted by the relatlvely short

' rperlods or records and the 1ncompleteness of the records o

: . P
gwhlch do ex15t.« »f, ﬂﬁ_ :

”’1In water balance studles the amounts of water whlch

AN

: are detalned and retalned 1n storage by the 5011, Vegetatlon”‘ﬁi

&

j,and other surf1c1al cover vary w1th the types and amounts of”

-

"EDept of the'Env1ronment 1976) The value of the data whlch

'"each.v In subarctlc Canada, past studles have tended to 1n-g:

| cover,»and general storage values have been used for the

>ent1re stddy areas (Kakela, 1969; nght, 1973) | There has

ne

*been a general lack of research concernlng water storage l:y;

"ugclude estlmates of the amount of varlous types of surf1c1al"



'values and evapotranspfratlon rates for varlous subarctlc

b(fplaced on 5011 m01stur‘

5]to be regularly employed (Sanderson 1969 p. 45)

d[fyflora. Thls 1s rather unusual con51der1ng the empha51s:iv

storage by Thornthwalte 1n hls water

"fp;balance equatlon gThornthwalte, 1948) Measurements of
'7ractual evapotransplratlon can be made u51ng ly51meters,bmass
:ntransfer and energy-budget methods., In northern Canada,ii

1_however, there are too few lySLmeter 1nstallatlons, and

:.1nstruments needed for u51ng the mass transfer and energy-

v

s

fbudget methods have apparently been con51dered too expen51ve.

! .

b

In lleu of obtalnlng adequate data from measured sources,

_ﬁa methbd commonly used Thlcomputlng actual evapotransplratlon
'.pls that of emplrlcally der1v1ng potentlal evapotransplratlonﬂ'
‘values u51ng mean temperatures and subtractlng any ‘water .
xff'def1c1ts., ThlS study uses such a process, employlng the j.
"'“Thornthwalte water balance procedure.: Any calculatlon of
'ws01l m01sture storage con51st1ng of an 1nventory of surf1c1ai;~3f
1:cover types 1n % glven dfalnage ba%ln and an averaglng of
%f_values would be a. more valld proce?ure than a mere estlmatlonih‘
'ﬁof a 51ngle flgure based on less 1nvolvement Wlth the physacal :

d,System.v In th1s the51s such an approach 1s employed 1n ‘an m_.

fattempt to 1ncrease the understandlng of water balance com-.i‘ '

' The Unlted Natlons Educatlonal Sc1entlf1c and Cultural

4‘1 .

.';tOrganlzatlon (UNESCO) and other 1nternatlonal organlzations,‘f

v',reallzlng the need for an extended perlod of research 1nto E



water resources on a' world-w1de scale, endorsed the Inter- 8

R “__2/,..'

'natlonal Hydrologlcal Decade whlch began ;n 1965 Canada was f

.ffone of the countrles Wthh agreed to part1c1pate 1n the IHD

'ﬁprogram A serles of dralnage ba51ns was chosen for detalled

'research by goyernment agenc1es,‘un1ver51t1es and prlvate

.

e |
K concerns w1th1n Canada.* Many of these ba51ns were located

'-r ln remote areas where meteorologlcal and hydrological data _,"A

i»ihad never before been systematlcally collected 1f at all

. ~f;The IHD program ended 1n 1974 and the results are stlll comlng

.injv But, regardless of what those results are, the ﬂmportant

x.faspect of the IHD 1s that our ba51c knowledge of the parameters

f}ln a Water balance of subarctlc reglons has been 1mproved
N A A S ='J _ N _ :

RN

":pSTUDY AREA

'-xmhe Baker Creek Bas1n 1S one of the 'benchwork ba51ns

'k:¢chosen for research under the IHD program._ It was selectedvm

”‘;:gfor several reasons-i 1t is representat;ve of much of the t'

_7Precambr1an Shleld area of western Canada, 1t 1s adjacent to

'steXlStlng meteorologlcal and hydrologlcab statlons, and 1t

“is relatlvely acce551ble by road and alr Yellowknlfe, N W T.,~
ltls approx1mately 1450 kllometers by hlghway or 965 kllometers ;#
f_:by alr north oﬁ Edmonton, Alberta,:(Flgure 1 1) - .
) The ba51n comprlses an area of about 180 square kllo-av
,‘meters | Baker Creek flows in- a southerly dlrectlon to enter B

_:the North Arm of Great Slave Lake approx1mately 3 2 kllometers'



T

..‘.

north gf Yellowknlfe. The northernmost portlon of the ba51n\

is nearly 24 kllometers north of Yellowknlfe (Flgures l 2,

i

: 143);' The ba51n lles between 62 28‘-and 62 43 north latl-

_ tude,‘and 114 '17' to ll4 32"west 1ongltude.,‘It 1s located'

.

1n the zone of dlscontlnuous permafrost, the Subarctlc .

77-

cllmatlc zone and the Boreal Forest or SubarcﬁlcAForest—TundraH;;'.f '

Tran51tlon vegetatlon zone. S

The topography of the Baker Creek Ba51n§as typlcal of

the more 1ce scoured portlons of the Canadlan Shleld .Thef

’l area was heav1ly glac1ated w1th the ice advanc1ng from the

northeast at- approx1mately SGO - 65 w (Henderson and Brown,

1966 P. 3) Preglac1al s01l and loose rock were 1argely

fl-removed by Plglstocene gla01ers and most presant rock surfaces

remaln pollshed and scoured The last ice sheet melted from -

thls area approx1mately 9 700 BP (Prest, 1970,.p 706,v3

Flg. XII 15) ‘ ““ ‘. - k . ’ s - L ,Z: : di,. .. ‘

: ‘..

Surf1c1al dep051ts found 1n the ba51n today are a result e

: oo . S
of dlrect dep051t10n from ngc1al 1ce, glac1o—fluv1al and
glac1al lacustrlne processes. They 1nclude many erratlcs,

outwash dep051ts of sand and gravel tlll beach rldges and

lacustrlne 51lts and clays.; Bateman (1949, pP. 10),‘found

that the depth of permafrostnwas largely a functlon of the Is“::"

depth of overburden whlch acts as. 1nsulatlon.f Permafrost
was not detected beneath outcrops of rock but was dlscovered

to exteﬁd to a’ dep |

of 79 2. meters under an 18 3 meter—thlck

. \

o

R

A
N
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dlrectlon.

Baker Creek Ba31n .can‘be “seen 1n
-~the extreme rlght centre of the :
ephotograph ,

R

Y»Town31te of Yellowknlfe, N.W.T.
.from air facing in'a southwesterly

Southern portion of .
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’b:’overburden-offclay,usand or“gravell;‘The presence andkthlck-;
lness of permafrost in a given area 1s also dependent on ‘»-
.,other factors, two of>wh1ch are the dralnage characterlstlcs
yyof the 1and and the - type and amount of vegetatlon cover s
_f(Brown, 1964, p 68) ' These w111 be dlscussed furEher 1n
. qpapter Two. .ifj,fw_f;i ;/ l 'y?fi

Outcrop rldges and hllls alternate w1th depre551ons_h‘

[N

o 'whlch are fllled by lakes, muskegs fof; 1nfrequently, w1th

'fdense stands of trees. The portlon of the Baker Creek Ba51n :."

»7wh1ch is’ underlaln by plutonlc rock eXhlbltS a 1ower local

r

ijrellef and hlgher average elevatlon than that underlaln by

‘fﬁvolcanlc types (Jolllffe, 1946) (Fagure 2 6) Faults, dykes

band shear zones w1th1n the bedrock create the allgnment of

'w,'

fvbsome of the lakes 1n the ba51n.~ The best example is the West

';Bay Fault whlch extends from Fault Lake northwest through o

‘fthe entlre ba31n.
The Vegetatlon/of subarctlc boreal reglons is- generally,'
"‘poor in genera and spec1es (Hare and thchle, 1972 p. 335)1,

- The Baker Creek BaSLn proves no. exceptlon. 'A comblnatlon of -

. poor 5011 exten51ve rock outcrops, occas1ona1 m01sture de~’

if}flClency and harsh wlnt\rs prov1des condltlons detrlmental
i’ BN . 'B'

',to spec1es size and dlstrlbutlon.ag"
The major lelSlon of 51te analy51s in: the ba51n lS
:between the upland rock 51tes w1th scattered and varlable

A/depths of drlft cover, characterlzed by a tree populatlon of

SEE
L



.‘:»l(‘) o

jack p1ne (Plnus bank51ana), whlte berh (Betula papyrlfera),'.

!

*-and rarely, aspen poplar (Populus tremu101des), and the low— '

'lylng muskeg areas in. wh1ch black spruce (Plcea marlana),

A

v larch (Larlx lar1c1na), w1llow (Sallx _pp ), alder (ﬁlnus }

Vand rarely, whlte spruce (Plcea glauca) predomlnate. However,'»
':each spe01es may be found in elther 51te category .';"4f

o These major components are further subd1v1ded by amount 'f"°
"of cover, understory vegetatlon, depth to permafrost and 5011 f:"'
'ymolsture.y Slte analyses w1ll be developed 1n Chapter Flve.

There are very few mature stands of trees 1n the Baker

";' Creek Ba51n., ThlS 1s partly due to the 1nfluence of man. oo

ITlmber removal for lumber, logs and flrewood qulckly depl ted

. many of the better stands, espec1ally 1n the southern portlona

‘»l'of the ba51n in close prox1m1ty to Yellowknlfe.f Flres, partly

caused by man and partly by llghtnlng strlkes, have frequently
,tiburned large areas w1th1n the ba31n. But the most severe

.'restrlctlon to the presence of mature stands of trees 1sv;

;llmltatlon in- 51te quallty Large areas of bare rock and

Epoorly-dralned organlc terraln are not condu01ve to healthy,

- mature stands of trees ' Although the basrn 1s located on the
vs‘forested srde of the Arctlc treellne, the harsh cllmate tends:"
lto promote stuntlng 1n most tree specres..b-éi;h'gr.f; o

It should be noted that arsenlc pollutloan;the‘area of

”hthe Glant Yellowknlfe Mlne has severely crlppled or kllled
ffthe vegetatlon.f 1t 1s not known how eXten51ve or severe the
,fharsenlc 11m1tat1on upon - growth has been.v Thls 1s a contlnulng T

*

-:v;problem that may severely affect regeneratlon.fufu':



- n?"v

| 'OBJECTIVES ; B Fa

Certalnlythe rellablllty of any water balance calcula-r“

rp-tlon 1s enhanced by fewer assumptlons and more research

concernlng the varlables,, The prlmary objectlve of the T?l"u}f

;Tauthor 1n thlS the51s ‘was, to map a. portlon of the Baker ~fffjé o

~Creek qun 1n order to prov1de accurate data on the type,_

amount and dlstrlbutlon of vegetatlon patterns, and to 1nter- N

I

i;pret thelr effect on the evapotransplratlon reglme of the ba31nfff

ce

Nlne smaller areas w1th1n the bas1n ‘were cbosen for jﬂjF] s

1nten51ve study (Flgure 1- 4) In each area two transects

“‘were run and 1nformaolon was gathered concernlng vegetatlon

"compos1tlon, 5011 m01sture and depth to permafrost, 1f present..§>s

he data were thbn used to create a model of the entlre ba51n

Sone

regardlng these patterns.;'fh"“‘

The multl—stage sampllng tec, 1que was applled tb thlS

lhstudy Informatlon on surface patterns w1th1n the Baker L
"Q*Creek Ba51n was flrst obtalned u81ng large scale photographs:

sﬂw1th a scale of l 12 000 ‘ Thls 1nformatlon was then utlllzed

jln deplctlng broader patterns on smaller scale photography

”g,at l 31 680 Flnally satelllte 1magerY from LANDSAT I and II’t”,_
> {at a scale of l 1, 000 000 was used 1n attempt to dellmlt
us;extremely broad patterns, In thls manner the lnformatlon
;%_'gathered in the Baker Creek Basrn could be applled to other,f"\

- areas of the subarctlc.,

The collectlon of evapotransplratlon data applied to

quant1tat1Ve ana1y51s of vegetatlon patterns was not a part

"f



-

:7"t0f thisHStudy Further studles w1ll be needed to clarlfy

r,fhamounts of evapotransplratlon for each type of surface\ ‘_f¢'f7-”

{'

':fiThls 1s an 1n1t1al attempt to 1dent1fyl explaln and evaluate

- apparent dlfferences and suggest areasand types of useful
. { . L
N studles that mlght be conducted 1n the future 1f a: better

;Qdeflnltlon of water balance relatlonshlps 1s to be obtalned

'In ?rder to determlne the Value of thls method the'“‘ |

‘“follow1ng procedure was adopted The Baker Creek Basrn was S
.. e )-_ R S
lelded accordlng to a class1f1catlon system of surflclal

. ()

fcover types and the nlne smaller areas selected to repréSent

;the basrn were 1nterpreted as to these cover types ‘on alr

W','photos._ Each cover type was then,ass1gned a 5011 m01sture'

-,/ o

':Storage value and these values mapped for the nlne areas,,-

tj.fThe percentage area of every m01sture storage category on L

E%the nlne maps was determlned and averaged f These averages
i ' # .

“were then applled to the basrn as a whole.: Once the percentage ,
. » ‘o ! .,,"UA.. A_"
-fof the ba51n occgpled by each morsture storage category was e

“

v,known, 1trcould then: be converted to a hectare value.l
| A water balance of the Baker Creek Ba51n for each year i?

| 4of the study was: calculated u51ng all of the m01sture storage

'7categor1es°mapped From thls, thelamount of water surplus
A ] .

:ﬁfor each category was determlned 5 Multlpllcatlon of each of

- ;these surplus values (centlmeters) by the amount of ba31n

;area 1n each category (hectares), and d1v1s10n by 100 provrded

7d]m01sture surplus values 1n hectare/meters. The total of these o

‘"'fb?values 1n the l 3, 550 10 0,_15 0 and 25 0 cm. storage

.} .



oo

jcategorles mlnus those 1n the two water body categorleS“'
frepresented the surplus water in the basrn for the glven
”year.‘ Thls flgure was then'oompared w1th the recorded

};dlscharge for Baker Creek for that t1me perlod 1d”".s;

-

It is belleved that thlS method prov1des a more reallstlc'

\'

; gm01sture storage value for 4he ba51n than does estlmatlon of

'vijRGANIZATION

‘water balance equatlon.‘ R .i’,?,}.h

a 51ngle flgure, resultlng in a more accurate 1nput to the'

- ‘o ©

Qi « ‘ o ) . . ] -

Chapter Two is a descrlptlon of the phySlcal settlng

-~ of the.Baker Creek Ba51n.t A rev1ew ofbthe llterature

v

.-pertinent»to the- toplc 1s found 1n Chapter Three. Chapter'

":'Four 1s c'ncerned w1th the methodology used in thlS study.d l = o
‘Fleld tech 1ques are explalned and photo 1nterpretatlon
'Aprocedures are dlscussed In addrtlon, the use of multl—h'

".;stage sampllng technlques,,LANDSAT 1magery and other remote»

P

zlfsen51ng dev1ces are rev1ewed In Chapter Flve all relevant‘

*51te crlterla are examlned and formed 1nto recognlzable'

0 N )

'-‘patterns; Evapotransplratlon characterlstlcs are dlscussed-'

.\ ‘

““and computatlons for the study area are presented Chapter

X .*

:'.Slx is a summatldh,of the results obtalned and a dlscu531on;

-

;jof thelr 51gn1f1cance. f”‘vz"nxk - ," '-.«.{jj g‘~\
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‘Figure 2-1:

Sunset/Sunrise over the‘Baker'
Creek Basin on June 21, 1973.
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il»phy51ca1 settlng (Kake

»

 'CHAPTER TWO

- PHYSICAL SETTING

/

'INTRODUCTION

The physxcal aspects of an area are of prlme 1mportance -
tln the determlnatlon of 1ts water balance.' Three recent L
‘studies of the Baker Creek Ba51n have 1ncluded data on 1ts
Ea, 1969, Landals, 1970 nght 1973)
dThlS chapter is a. dlscu551on of the phy51cal env1ronment of l

the study area w1th partlcular empha51s on those parameters

-{'whlch pertaln to the present study

. cLmbaTE . S

ﬁ.Temperature;n' | - |
B :The:rate of soil formatlon and the type and structure

”ﬁlof'yegetation found 1n the Baker Creek Bigznjare strongly B

Tlnfluenced by 1ts contlnental cllmate whlch ls characterlzed

'by short warm;summers and long cold w1nters.‘ The depen

?ycllmatlc cla551f1catlon for thls .area’ is’ 'ch whlch ls

'_~typ1f1ed by a cold snowy forest cllmate, m01st all year

'Jfffw1th cool short summers (Strahler, 1975, p 249) Although

re:located adjacent to an arm of the Great Slave Lake whlch

"ymdoes,yto some extent mo 1fy the cllmate,“the study area 1s

‘,-qulte dlstant from any oceanic 1nfluences. The Pa01f1c

'Ocean 1s approx1mately 1200 kllometers ‘to the west Hudson.:u

aléBay lles 1050 kllometers to the east, and the Arctlc Ocean :

A . BT



560 kllO eters to the north .nzaddltlon, Hudson ‘Bay and
.the Arctlc Ocean” are frozen much of the year and thus would
‘ not be effectlve 1n changlng the contlnental nature of the ‘
cllmate even 1f they were closer'to the ba51n. |

The 1nf1uence of latltude (approx1mate1y 62 35 30"N) u’ﬂ

S, \

. R LT
- of the study area 1s also 1mportant in produc1ng the extremes:;gfy~

_ of temperature whlch the Baker Creek Basxn recelves. At the
yw1n er solstlce Yellowknlfe experlences less than flve hours -
hof solar 1nsolat10n but on the date of the summer solstlcel
;,1t recelves almostitwenty hours The sun angle is’ less
tham 4 above the horlzon at- solar noon, Deoember 21 tand
: less than 4 below the horlzon at solar mldnlght on. June 21 lf
;(Flgure 2= 2) Although frost may ‘occur 1n early June and
]‘agaln in. early September, 1t 1s normally llght and of short
;@?duratlon, and the’natural vegetatlon 1n the area has adapted fk
:to w1thstand 1t | . o : | | |
The hlgher sun.anglehln the-summer 1ncreases the effec-ry
tlveness of the 1nsolatlon by decreasxng the absorptlon and
"scatterlng of radlatlon by the atmosphere.: Radlatlon will
bfbe absorbed or scattered by any partlcle in 1ts path whlch
ihas a dlameter the same or greater than the waveIEngth of
'that radlatlon(' Slnce larger partlcles such as - 1ce crystals,a
fwater droplets and vapor, dust, chemlcal pollutants, smoke,

rxt tend to be found 1n the lower atmogphere, the lower the

Hﬂﬂsun angle the more radlatlon 1s prevented from reachlng the

.:fl9ground surface. Ih hlgh latltu\es, such as the study area, v

e
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w1nter ‘is thus a tlme not only of. fewer sun hours.than the
'73summer,,but of less effectlve solar radlatlon.' The meanf,;
“tannual monthly temperature range, approx1mately 45 C,vls;
”H?thus con81derable (Flgure 2 3) : |
. r_ﬂhm;_ Clouds attenuate solar radlatlon bylreflectlon and
Labsorptlon thus reduc1ng the amount of 1nsolatlon recelved

BN el e

lat the earth's surface."The typé and amount of cloud cover:;bf

O

. over an area has a dlrect 1nfluence on the net radlatlon 1t

~'.:_"recelves._ Hay (1970 d; 91), in'a study of net radlatlon lf'hh‘i

ety e T s o

ﬂjover Canada, found that low—level cloud types possess the .
'1Th1ghest amount of reflect1v1ty‘and absorpt1v1ty ahd these';rfié}:_l
‘";values decrease as cloud helght type 1ncreases (Table 2 =-1).

Cyclonlcdsystems and frontal act1v1ty are malnly

Ve et ek, R I B AR T e

rjfilf':ﬁ‘“°respthLbIe ?br the?distrlbutron of mlddie and‘hlgh qloud“4

2 't Py

-over"the Baker Creek Ba51n The greatest cover of scatteredfi;-“'

Clouds generally occurs 1n the afternoon whén solar radxa—**“”V“ S

fhggﬁfﬁj;j tlon is- hlghest There appears to be a seasonal drstrlbutlon-jr«-*
'fof cloud types.‘ Wlnter is a perlod of low and mlddle cloudaf"i'
o types, accountlng for approx1mately 60% of the total whllev"'

vconvectlve cumuloform clouds constltute the same percentagefj»_ij..

{

.;of the total 1n summer (Burns, 1974 p 181)‘ ,plgure (2 4);f@ff7'”

-_shows a mean monthly dlstrlbutlon of cloud cover at the

'.;Yellowknlfe alrport v C‘ . | : | _. '
B The - portlon of the bas1n’1mmed1ately adjacent to the

o Great Slave Lake does recelve ‘a modlfylng 1nfluence from

7dthat water body. Due to the dlfferent heatlng and coollng
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S DR SR s FIGURE2 3

MEAN MONTHI.Y TEMPERATURE AND PREClPITATION

YELLOWKNIFE AlRPORT (1941 - - 1970)

'_(1975 VOL. k-1, p6 vonzsl dSZI

' SOURCE CANADA DEPT. of the: ENVII ONMENT ,_-'_-
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7_.i-cenvectlonal storms may be présent in the summer perlod due

| the early sprlng may be prolonged by prox1m1ty to cold

' Pre01p1tatlon

reglmes of land and water, the cool 1and temperatures of

s

lake waters and conversely, warm temperatures may per51st

'h‘lnto the fall due to the warmer water.:

"\' '

'and a. low local rellef §End to reduce the dlurnal tempera—”“

ture range 1n the study area,. Although afternoon and evenlng

:t0'1ntense heatlng offthe ground»surface,.cyclonlc,storms1:_yj

Wthh can- cause longer term temperature fluctuatlons, are.

not as oommon aS ln*more southerly locatlons. pﬁéff,j”'

PR

The Baker Creek Basmn experlences a low average annuals
pEGClpltatlon The 29 year mean annual pre01p1tatlon for PR

;3 Yellowknlfe alrport, between the years 1941 1970,'13 250 mm

(Table 2 2) | There are several reasons for thlS low s

prec1p1tatlon flgure The alr mass whlch normally overlles

- the. area 1s lear contlnental and has avllmxted molsture—nlgﬂfﬁﬁﬂﬁf7”v

& ,._.,.

holdlng capacrty If upllfted 1t w111 produce relatlvely

‘A low elevatlon[ from approx1mately 150 to 275 m .a,s. l.,”'

>

llttle prec1p1tatlon,‘but there 1s llmlted means for upllft‘”i

x'w'-xn e

to occur by summer convectlon or by‘the 1nfrequent cyclonlc-‘”"-'?~~

v B
~

’"ﬁstorms. The marltlme pac1f1c alr whlch does reach the

study area has lost much of 1ts m01sture Ains pa551ng over

T et gm0

Ehe mountalns to the west and must be upllfted Eo altltudeS'*“'

exceedlng those of the mountalns for anyprec1p1tat10n to.

N

,f ccur;j The result of these factors is a- low annual prec1p1-”

tatlon (Table 2 3) The prec1p1tat10n whlch does jeccur tends’,n
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A

~to be concentrated 1n the summer and early fall when

fgconvectional upllft and cyclonlc storms are most pro-'
',ljnounced The domlnant antlcyclone over the northwestern’,i'“

- .part of Canada durlng the w1nter months begins to weakeni

N . T

in the sprlng and as temperatures begln to rlse and eva-,ﬁﬂ_:,r

v‘{poratlon 1ncreases,,the atmosphere becomes 1ess stable and

ly

| the paths of atmospherlc depre551ons move 1nto the area, o

'1nqrea51ng precrp&gatlon (Hare and Thomas, 1974 p;»l33),:,“‘

t_' . ) e ) _\ " . i - ; I TN

q_‘».Win"d S e

Wlnd speed dlrectlon, and duratlon are 1mportant 1n-'

"11the evaportransplratlon reglme of th%)study area._ W1nd

'prov1des a - fresh medlum 1nto whlch water molecules may

_escape.' Normally the~hlgher the wmnd veloc1ty and the longer

1

?c{aldlng evapotransplratlon.: If the advected alr is colder,

w . ,,

flt occurs the more. evaporatlon 1s lost from a élven surface.,;-'

(

Advectlon of relatlvely dry alr w1ll 1ncrease evaporatlon

'fhand conversely, humld”alr w11b lessen 1t. If the 1ncom1ng

air has passed -over a heated surface and galned heat, 1t

‘ jcan transfér that sens1ble heat to the ground surface, thus

e

b

~f'however, evapotransplratlon w111 be lower. Evans (1963
“p, 71) 1nd1cates that warm dry advected air may 1n fact

'l;eventually lower transplratlon rates of some plants. 'If- .

|

m;‘the plant suffers dehydratlon, or 1f carbon dlox1de con- "_"«-f

B

"centratlon at the leaf surface becomes too great, stomatal

" . ", 4

',closure may occur, effectlvely stopplng transplratlonAv n;*ﬁ

oty -



f fluences the'mlcrocllmatlc effects of wind veloc1t1es. gin

'fperlods and thus reduce the effect of the w1nd

'”jﬁeffect upon evaporatlon rates Sphagnum 1s assoc1ated w1th

“'TMOsses and llchens have. less mlcrorellef and other factors -

,wfrom these areas, creatlng sllghtly lower air and ground

»temperatures (Johnston,'et al.,-1963,wp,g43),,}‘a
fpresent and thus reduce evapotransplratlon, whlle an area
5of low herbaceous vegetatlon would recelve the full effect
;of w1nd ralslng evapotransplratlon., It should be noted

: 23
»-however, that the greater depth of rootlng of most tree

amount of*water avallable for evapotransplratlon in dry'

| belng equal less evaporatlon.,_.

;Yellbwknlfe are shown 1n Flgure (2 5) The w1nd dlrectlon

o

[P

[ TP B S Re P e '. B R . PR
- . . . . B ‘ . L. : . . E ) .
S i : . Lo o TR e .

>
*r

the majorlty of. cases, water def1c1t causes stomatal closure

(Slav1k,\1965, p 157) i Often, however, closure occurs too
late to prevent the plant from sufferlng serlous dehydratlon.

The den51ty and helght of the vegetatlon cover 1n—
Y I

;

-depre351onal peat bogs trees tend to be stunted and w1dely »

'spaced permlttlng hlgher w1nd speeds and advectlon of heat'

A closed stand of trees w111 tend to slow any w1nd

e

\

- Ly

vpspec1es compared to bushy vegetatlon would prov1de a greater

- B ’*

.n‘

: In non vascular spec1es, helght can. have aj pOSlthe

- peat plateaus whlch tend to be hummocky and ralsed somewhat

1

Vabove the surroundlng organlc tergaln.‘ These can contrlbutef

'to turbulence and thus ralse the evaporatlon rate. True -%5

Monthly average duratlon ;and - 1ntensxty w1nd roses for

s

bnlS 1nd1cated by the bearlng of the llnes.f The 1engths of_"'
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‘the 11nes ‘are a functlon of hourly duratlon and mean w1nd:

<speed. A dlstlnct southerly component 1s eV1dent for the '

’ 'summer months. Thls 1s probably due,‘ln part, Jo a developed

y'water/land breeze from the Great Slave Lake Any l}mltlng

-

Do

effects on evaporatlon frdm advected humld alr off the lake

ihsurface, however,yare probably countered by the 1ntense

ground surface heatlng prevalent ‘at that tlme.

“LANDFORMS L e

The study area 1s located in the Canadlan §h1eld near

el e

1ts western margln. It is characterlzed‘as an anc1ent

| N :
plaln of 1ow rellef wrth an 1rregu1ar rolllng surface com-

o7

prrsed of rocks of Precambrlan age. %ocal rellef w1th1n the

'fbasln seldom exceeds 60 meters.‘ Berry Hlll, the hlghest Y

4

‘yp01ntJn the Baker Creek Ba51n, has Jn elevatlon of 268

‘m a.s. l., and" is ll3 meters above the level of Great Slave

Lake.u The portlon of the !551nunderla1n~by granlte-and_

t.hgranodlorlte exhlblts less local ‘relief- and has a hlgher .

_bodles, sedge meadows or peat bogs. The many 1akes can be

",1»«'

‘-average elevatlon than that part composed of rocks in- the,p

‘HYellowknlfe Group (Jolllffe,_1945)(F1gure 2 6) .}”“

: Plelstocene glac1atlon has scoured the reglon, smooth—

1ng and pollshlng the rock outcrops and creatlng features

I

_'such as roches moutonees, strlatlons, chattermarks and cres—v OO
.‘centlc gouges. Glac1al 1ce also created or deepened ex1st1ng
‘ depre551ons of varlous 51zes in. the rock mass, especrally N

'along fracture zones. Today these depre551ons contaln water
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. FIGURE 2-5

MEAN DURATION-INTENSITY

WIND ROSES FOR
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 SOURCE: KAKELA (1969, p. 51)
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d1v1ded into those whldn are deep anajcold,.ahd tHbséwaIch“°'“'°ffffi

'are shallower and thus W1ll warm more 1n the/summer.h.fTF":'"“

There appears to be a genetlc sequence connectlng Y B

‘lakes w1th organlc terraln.z As vegetatlon encroaches upon;fziégi;?if

(the shallowerihkes 1n the ba51n the lakes become smaller andfﬂc
shallower and ‘rn tlme, w1ll be covered w1th vegetatlon‘- Atilr;g};i

d thls stage the lake has become a. sedge meadow As more and ;}f’
more organlc mater1a1 1s added to the depre351on, the water
content decreases.‘ Sphagnum”becomes a major vegetatlonal .

e e e s

constltuent and a subsurface layer Of peat appears. Wlth a‘ff“:“'

e e~ s o«
‘ h w

much lower percentage of water present, permafrost is able
*:tto move lnto the area ; Consequently the peat)}s thrust up
‘1nto a hummocky elevated peat plateau whlch is better dralned
than the prev1bus peat bog, Black spruce may appear and
glven tlme, a dense stand of - these trees may replace the open

- - R

peat area.’ There 1s w1despread occurrence of each of these'"

7

stages in the depre551onal areas w1th1n the baTln. 3'gf~j‘4

s

BEDROCK GEOLOGY I ]

: The study area lles w1th1n the eastern portlon of the

MackenZLe Rlver Ba51n A»1‘

Env1ronment Canada (1972),\\nj udes the follow1ng descrlptlon
. \/ . . -

cent study of ‘the basxn by

of the shleld 1n thls area-

.Its smooth even horlzon 1nd1cates an old almost
‘all- subdulng er051on surface, which ‘at one time

. was at. least in! part buried. under - ‘Paleozoic" strata.
'The' geologlc tlme scale 1ncludes the development ;;*

e o



”‘tlnCt rOCk groups. Approx1mate1y 85% of the area 1s under-~‘i.'{l]ﬂ

,1a1n by granlte and granodlorlte o;

3 surface once, or perha,s tw1ce durlng the ST v :
_ Pa1e0201c era. Flnally the area was scoured l'i¥315ﬂﬁ7ffggkﬁ

\parent materlal lS also 31gn1f1v;n' As can be seen in o
Flgure (2 6), the Baker Creek Ba 1n 1s composed of two dls- 4

s

T e o

lthe remalnder is formed of older rdck in the Yellowknlfe

r

7”Group The latter con51sts of ande%lte, dac1te, basalt, ,

“ﬁrhyollte, tu@; and agglomerate Thd ‘area’ comprlsed of .

f"granodlorlte and granlte eXhlbltS a much llghter tone and

lthus a- hlgher albedo than does the area 1n the Yellowknlfe
'-fGroup d ThlS w1ll tend to; cause a redqctlon in the net v

fradlatlon avallable to the ground suréace 1n the greaterbf

Rpart of the study area. The albedo faitor in- the water bal-

’~‘?fance w1ll be dlscussed 1n Chapter Flve.

.’f'

The presence of many faults in- the\portlon of the ba51n o

‘”underlaln by granlte and granodlorlte shpuld be noted }‘3

‘,4éspec1ally the West Bay Fault whlch tren s northeast to\,;l

<

'southwest and leldes the ba51n approx1ma ely 1n half These

'lfaults are among the largest known steepl)\dlpplng dlsplace—ﬂ“

‘,ments of the earth's crust (Campbell, 1948 244) .Many.of,."“.



i the lakes 1n the ba51n are located 1n conjunctlon w1th

- an e .s:;_,f.‘ o it -:.._=

the West Bay'Fault and the dralnage pattern of Baker Creek

,,,,,,
)

o

'wlltself 1s largely controlled by it (Flgure 2 7) ‘1f?f?f?fjl3€}1?
. SURF’“ICIAL DEPOSiTS\ f/}
"{f;;ig»;;é The Baker Creek Ba51n wa's- heav11y glac1ated by Keewatln o
) lce-mov1ng westward toward the Mackenzme Mountalns (Flgure ffﬂ

12 8), and the present landscape 1s largely a result of thlsL

‘\ffAny sorls or overburden whlch may have been formed durlng hi/ »
‘ ' Ve 1o
.ﬁpreglaclal early glac1al or 1nterglac1a1 tlmes would have

"ffbeen removed or altered by the Wlscongln 1ce advance. iAs aﬁwfh

”_result, most of the surflclal dep051ts in the study area are

L

'2'of glac1al orlgln, elther dep051ted dlrectly by the 1ce or
;:bY gla01o fluvlal or gla01oﬁlacustrlne mechanlsms.d The f '

.remalnder were formed durlng the past 9 000 years (Prest,(

N .'

1970 p, 706L,Flg XII 15)
The study area lles w1th1n what has been termed the
rdrlftless zone' (Wllson, 1939) . hu:f.lfyf.l,j~ f ."fr '\?'

;The lack of drlft over areas of thousands of square b
‘"miles is a striking geologlcal feature of the Terrl-‘“ ot
. tories that has been - ofJgreat value to prospectors, =
for ‘some: of the most ‘ac essible reglons are the
“least covered with drift. A zoneé .of comparatlvely
-bare rocks, - perhaps averaglng flfty miles in width,
extends along the north shore of" Lake Athabasca, &
- turns north. along the-east side of Slave River valley o
(theére is silt to the river bank) ,” rounds the eastei -
. 'arm of  Great, Slave Lake, and stretches. from the north
arm. to Great Bear Lake (Wllson, 1939 p 125) ‘
The reason for the mlnlmal amount of drlft in thls area- 1sf

‘U;- thought to be because thls was 1n the zone of domlnant
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Figure 27+

NOrthern portlon of the Baker

Creek Basin facing northwest.

Duckfish Lake 1s ‘in-the center

fof the photo. WNote fault lying

across photo in bottom center and
d1v1d1ng the pink granite ‘and’

‘ granodlorlte areas above from Lhe ‘
_grey rocks of ‘the Yellowknlfe o

'Group below.
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‘;,compre531ve flow near- the accumulatlon core of the Lauren—

4

',tlde lce sheet Therefore, er051on and transportatlon of 3

‘ mater;al prevalled over dep051tlon (Sugden, 1977 p.v38l.j

»

ftreated beyond the area.' At ltS max1mum extent, thas lake

'5extended from Great Bear Lake through Great Slave Lake south—

5found beach dep051ts 1n the Baker Creek Ba51n at elev
-fover 73 meters above present levels of Grea VSIave’Lak

dLlndsey (1952 p; 535), found them at-213. leters above

S0 .
The drlft whlch does . ex1st 1s located for the most

J‘part, the numerous depre551ons typlcal of Canadlan Shleld
‘ftopography The gla01ally—scoured and rounded upland areas.

1are mostly drlft free. A p0551ble explanatlon for. thlS is’

L
that the area was once covered by Glac1al Lake McConnell i o

1wh1ch formed when the front of the Wlscon51n ice sheet re—v

east to Lake Athabasca (Cralg, 1965, p. 535) JOlllf e (1945),‘

e

‘levels. Wave actlon would have washed much of the drlft from

: the upland areas 1nto the depre551ons." Lacustrlne mater Al :

53

¥

lake levels fell wave. actlon would have swept clean the up er _

jrock areas 1ncrea51ng the 51lt and clay content of the depre 51ons.

'Q,Today these sedlments underlle most of the poorly-dralned

' organlc areas of the ba51n.'

"characterlzed by numerous cracks and flssures, many of whlch

‘ It should be noted that the present upland rock areas

.are not completely free of surf1c1al materlal They are '

——



: se “ a - . . . .

'»have‘trapped glac1a1 drlft, lacustrlne materlal, alluv1um

and aeollan depOSltS and glven rlse to pockets of soxl

lf-where veg tatlon has establlshed 1tself Thls tends to o

'ﬂlncrease de'entlon storage and reduce runoff values from
‘lwhat would n_rmally be expected in areas of more rounded -
;and smooth belrock (nght,_1973, p. 17

_The,va‘le

- of gravels and'wands restlng on. bedrock and overlaln by :
thlnly stratlfled lacustrlne sedlments._ The gravels are

con51dered[to be of late Plelstocene age and the post—glac1al

hlstory of‘Bakqf Creek has been one of dlssectlon through »“"

of Baker Creek is. comprlsed of several meters'

the lacustrlne dep051ts and 1ocally through bedrock (Bateman, -

.';N L

5'1949 p.. 8

SOILS"t

I R —— At

The: orlgln of the 50115 present,ln the Baker Creek Ba51n

[}

, dates_to the retreat of the Wlscon51n ice front and subsequent e

'i’loWering of Glac1al Lake McConnell to]evels approachlng that }.: o

. of the present level of Great Slave Lake (151 m a. s l )

‘Thelr proflle development has been llmlted 1n part by the

/.4

',[subarctlc cllmate and poor dralnage condltlons created by BT

'{the presence of lacustrlne sedlments 1n the depre551ons

e (Raup, 1947 p 19).- The cold temperatures slow5organ1c fgf

-decay and prohlblt the vertlcal movement of 5011 m01sture

’<‘vknecessary for proflle development much of the year - chkson

3(1947 p 162), belleves that 1n shleld areas geology 1s the

?—'_q; -

M,most 1mportant factor in. creatlng the spll condltlons due to o
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' mechanlcal weatherlng ' Frost actl

N

-

: ; S _ .
the large amount of crystalllne rock whlch is. very re51stant

to’ 5011 formlng processes.]

The comblnatlon of these factors have created 50113

1

N whlch are classes as elther 1ntrazonal or azonal dependlng

PR

'on the dralnage 31tuat10n (Bourne, 1963 P. 22) - Zonal

_750115 are rare if not absent from the study area . South .

’

of the southern llmlt of dlscontlnuous permaFrost in the

. <t

=yCanad1an Shleld the domlnant 50115 are podzollc (Hoffman,

1974 '. 216) The Baker Creek Ba51n -is 1ocated in a
"broadly deflned zone,of Orthlc Gleysols (Clayton, et al

' »:1977 vol 2, p;.232) For a dellmltatlon of thls zone and

N

_a detalled descrlptlon of 5011 types ‘see’ 801ls of Canada,

Low

A @ ) ' : )
The low lylng depre551ons are llned w1th flne, 1mper-

v1ous clay and dralnage from these areas 1s thus 1mpeded

-g1v1ng rlse to 1ntrazonal organlc s01ls and large tracts o

.x.

I o
"~:;of sedge meadow and muskeg, w1th great morsture storage

capac1ty.’ As. the study area was,once part of the ba51n

.of Glac1al Lake McConnell the clays ih these loT lylng

~

"areas are lacustrlne in nature and form part of rhythmlte .

R

-_.Tsequences.4 They possess a lamlnar structure normally con-'

[51st1ng of alternatlng layers of 51lt or 51lty—clay (Leggett

‘and Eden, 1960, p. 3) ;?"‘v

LR

The upland rock areas haveyﬂuifizhwe con31derable'n

.\s

’vfracturing processes éyave created cracks and creva§ses 1n

1

; ﬁ% well as other rock



'__501ls have a much lower mOLSture storage capacltyﬂthan

fdo the 1ntrazonal 501ls and are not nearly as extensxve

-jrapldly destroy the humus layer of ZOnal soils and

'Mpnsubarctlc areas 1s a very slowlprocess due to:. the cold

oL of terrain, Brown (1973, p. 29) tested elght sites in the

'~;Ye110wkn1fe area and found permafrost to be present in only

cllmate; fd

;1973, p..120) o :f_ _;,:v\“!*

.)'. .

3 KR

. the bedrock in whlch azonal 50115 may be found°"These - ,%?”h'

«

- e .
-

;w1th1n the ba51n.‘ ﬁh "'_‘ ld B [‘ve’, '_ ‘1"nﬂd"}'\°_1j43‘~‘

‘,-

4Another llmltlng factor for 5011 development in the

area 1s related to the flre hlstory of the study area. ~Much

;:of the ba51n has been burned over at least once. Flre can

!

:: on the m01sture content of the - peat burn for days or weeks B

'1n muskegs and peat plateaus.: Replenlshment of humus 1n

e LT

PERMAFROST

\._"

The study area lles w1th1n the zone' of dlscontlnuous
permafrost (Fagure 2 9) It 1s~w1despread however, and lts

greatest extent 13 in| the organlc terraln where the_actlve'
. I

layer 1s about one meter tthk (Brownh”l973, p;>2§); Mean“

o

annual ground temperatures ln the Yellowknlfe area range. .

from -l g° C to 1 5 C w1th the lowest temperature occurrlng

h’ln the peat bogs and the hlghest .on - the’ exposed bedrock (Judqe,

L In a study of permaf~ occurrence in varlous types

3ftwo.. It was, not found 1n exposed bedrock tlll a beach

rldge or a burned—over peat area.; t was located in two

y peat bogs at l 6 meters below a surface\cover of Sphagn and

P
»g"i
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"l_dorganlc terraln protects the permafrost underneath whlch

‘rrsf" .}:'.‘BB.A RN
llchen,‘and 1. 68 meters below a ground cover of sedges
and mosses. /The thlckness of the permafrost zone -

. under these peat bogs was 50 meters and 30 meters
"firespectlvely. h y _._ R r »
| fl The Glant Mlne of the Glant Yellowknlfe Mlnes Ltd
_1s located in the southeast portlon of the study ‘area’
hﬁadjacent to Yellowknlfe Bay Areas of permafrost have
i'been encountered in the upper levels of the mine above 76

N

meters. All of these ‘areas of permafrost were found to be
1mmed1ately below the Valley of Baker Creek whlch has an
| '1nsulat1ng cover of from 15 to 18 meters of clay and gravel.
f'(Espley, 1969, p.vso).»f" B SRR |
| Bateman (1949, p ll), lndlcates that the permafrost
'_may have had 1ts orlgln 1n late glac1al tlmejand has been'
-preserved by the lnsulatlon of clay, 51lt, sand and muskeg.r'+3.
Thls tends to produce a self—perpetuatlng 51tuatlon as the
"rprohlblts lnternal dralnage and creates condltlons favorable'n
ito malnt nance of organlc terraln.- Brown (196§ p 25),
“rbelleves that any area whlch wasi 1nundated by atja01al lake.‘;.ﬁ
_ follow1ng Plelstocene glac1at10n, such as the study area,
twould lose any prev1ously—formed permafrost‘due to - the warmer‘rm
'-water temperature.. Accordlng to thlS v1ew the permafrost ifi"'ﬁ
.ylocated in the Baker Creek Ba51n would haVe had to have

;orlglnated after the area was free of water from Glac1al

'fLake McConnell

el P
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The presence of permafrost has a ma]or effect on th ‘
o/p

':water balance patterns of an area. It llmltS root deve

H

ment and thus growth patterns of vegetatlond; If the roots-

of a tree are, slowly enclosed by a IlSlng permafrost table,:"

) &

l‘the remalnlng root area w1ll not be large enough to support
the tree aqﬁ it w1ﬂl dle. If a plant cannot develop the
root" mass 1t normally possesseSvln non—permafrostdareas,

'flt w1ll produce a stunted form.- ;=‘_-_.s R SO )

Dralnage is 1mpeded by the presence of'permafrOSt'

’fprohlbltlng groundwatek flow ' Approx1mately half of thev
Fba51n lS composed of exposed bedrock (Lord 1951 ~p. 4).

Depre351onal areas underlaln by 1mperv1ous clays and perma—,

-frost constltute the remalnder. Because of thesé‘factors

‘o ['”“‘

groundwater flow is not of major 1mportance in’ the water

el

*'balance of the study area..

=z

: HYDROLOGY L
—— - A . ¥

. One effect of glac1at10n and subsequent 1nundatlon by
fGlac1al Lake McConnell of the study area has been to created‘
1a deranged dralnage pattern Glac1al dep051tlon comblned .h

'-hw1th a 1ow topographlc rellef has fostered a. 51tuat10n of

*-1nternal'dra1nage 1nto local depreSSLOns, may of whlch.have>
gno outlet and only contrlbute to Baker Creek dralnage 1n»‘

»v»those years 1n whlch they overflow. Depre551onal storage
';1n Baker Creek Ba51n lS thus very 51gn1f1cant and detractSf‘

7y’from annual runoff Movement of water between lakes 1s often
. s .

o -

by ;nterflow; slow~seepage,through‘organlc terraln.'-i



. The drainage pattern of Baker Creek is controlled to

fa great exteht.by the West Bay Fault,(Figure,Z-IO). fManyz

- tributaries flow in a southwest direction toward this -
S N , , ' , rd

: ,‘fqult.. In a Study df»thé'evapotranspiration fegime of the

i'Baket‘Créek Basin; Wigh£ (l973,'p;-l75), statés:
CERER >0 0 30 :

Tt is pfbbable'that Bakef.Créek owes its status

~as'a 'significant flowing water body to the ex-
. Ceptional interCOnnectlon'properties afforded;py

“the basin. A short distance-aWay.from*thig nar-. .
. 'row corridor it'is-likely’thatvmany“semi-permanent
internal'drginagggbasins~dominate the drainage
'\ -area. _ S . — A

-

"Altﬁough~gpoundwatef'flow is not of major signifidéncg/?z’f

- within the Study7afea,xit:is'ndtﬂabsént; Groﬁhdwater'mbve-

ment does occur in the bedrock in fault zones agd in areas

v

~ of expensiVe‘jointing;and.rock fracﬁuring (Braﬁddﬁ, 1965,

P. 205; 'In7a §ﬁudy~oﬁ‘go1d depdéits in\thexYellOWKhife “_5ﬁ

xarea,_Blee_(I961..Pg\l71f, cp@meﬁts dn the ofigin‘df‘ground-v‘

 ;;water'éncountered in the local mihes:'x

.>$he chemical and'physiéal.faCts Such a$ftempera7!':
. ture, pressure and elemental content of the waters
.. suggest that: they ‘are meteoric waters which have * v

~contact. . They start to~f10w'only'when'underground R
_wofkings-intersect_the»fractUresuand faults, and

. 1n some .cases thelr‘flow‘continues-only_until the
”reserVOirsﬁalong;the late faultsvandnfracturesvare

. drained. . In other.Cases‘théyfprobably receive. . L ' \
_continU6us'additibns»frém.the'surfaCe*andamaintain
' d»fairly coqgtant’flow. T f,"i‘:_” T

"Gropndwater:fldw i$_also’féStricfed:by'the-ﬁfééence”of ‘
fpérmafrdst withiﬁ'therstudy'arLa.' Sténdiﬁg or’moiing water>

inhibits the formétion'of?permafrOSt,and cdntributes‘to the

BY
i



FiQureIZ—lOf :

~eral alignment of. lakes along West~3

.Baker Creek Ba51n at nlqht Ryan

Lake is in foreground Note gen- -

Bay Fault from .lower center left .

- to upper center rlght of photo.;‘

%
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degradation of. thatfalreadyvpresent Due to the heat

storage capac1ty of water, 1ts presence 1nd1cates an

excess of thermal energy (Johnston, et al., 1963 p;j4lf.

Consequently there lS no permafrost below water bodles )
[
or wet.depre351on5'w1th1n the Baker Creek Basln.b ‘As noted

above, however, these areas 1nh1b1€ groundwater recharge
!

due to the presence of a clay or. 511ty clay layerﬂ

Varlatlons of 1ake 51ze w1th1n the ba51n create real

dlfferences in net annual water loss or galn from thelr

surfaces. The amount of evaporatlon from waterbodles 1n

subarctlc reglons 1s partly a functlon of thelr depth vThé*7‘

e . : |
rate of evaporatlon from free water surfaces is determlned
by the vapor pressure dlfference between a bod of water; : V'_u;

A.and the air above the water)surface Thls relatlowshlp 1s‘d i
known as: Dalton s Law and was - flrst recognlzed in 1802.

| In 1915 V K MeyL\s\proposed a modlflcatlon of - Dalton s

Law based on the premlse that the effect of atmospherlc

. pressure 1s compensated for by the change 1n vapor pressurep

w1th change 1n altltude (Velhmeyer, 1964) o The expres51on

of these theorles in equatlon form" may be found in Appendlx A
The vapor pressure of a water body 1ncreases w1th the

Itemperature of ~the water._ A shallow body of water may be-d

’ cOme ice- free and have 1ts temperature ralsed more qulcklyf‘_;

1n the sprlng than a deeper water body Thls rs due to -

several factors.: The lower albedo of water compared to 1ce L

and snow 1ncreases the amount of net radlatlon absorbed by
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.the‘surface and this contributes”to melting and warming;;
‘ ]

‘k:.Once the ice has melted llght is able- to penetrate to the

shallow lake bottom That, comblned w1th some heatlng from

_1below and the lack of sprlng overturn
water from below to the ‘lakes}‘raiSesu

.pthe surface temperatuéf. is  able tod”

A:;take place from sﬁallow lakes at this tlme

. . /
‘¢ Durlng the late sprlng and early summer,_deep lakes

.'dlstrlbute the surface heat to the lowerglayeisl
. ' - B -
rsult fs that thelr volume remains relaﬁlvely cooi comgared '

5f,to shallower lakes and less evaporatlon w1ll occur (Chow,tﬁ

1_19.54 pp 23-17). N L DRI
_ 'l In the fall ‘and earis'wrnter, however,_a deep lake v:.f&?;‘
‘”w1ll usually remaln ice- free lonQer than a shallow one.. ;_"

,Thls is partlally due to the vertlcal convectlon currents Lo

-p;whlch brlng the now relatlvely warm sub surface waters to ‘
;the surface.- The result 1s that if amhlent‘alr temperatures‘\
kare lowered con31derably, large amount;\of.evaporatlon can
f? take place. Also the lower albedo of open water as'compared
'{to ice\and.snow 1ncreases the effectlveness of any solar

radlatlon whlch Ls present It should be noted that thlsv“;h"‘

- albedocdlfference 1s of greater 51gn1flcance\1h May and
‘early June when the deeper 1akes are stlll 1cercovered than.g'ff |
;11n October because of the much greater net radratlon in the A

f7earller months. h,f‘ : r=-d _Tp} T AR \h
1Evaporat10n:fromgfree—water surfaces qccurs\when the (”"
gl »::'_xv

B

LIRS
. .
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ﬁ“r.escaplng condeng%tlon is taklng place.

vapor pressure of the water is- greater than that of the

ad]acent air. As the temperature of a lquld 1s 1ncreased

L

"more klnetlc energy 1s 1mparted to 1ts molecules and thus.

'more are able to escape from the surface, and evaporatlon

.\-

1ncreases untll saturatlon of the overlylng layer of alr is

approached Conversely, 1f’more molecules of water are. -

enterlng the waten surface from the adjacent air than a;e -

.-

'In subarctlc reglons large water bodles can stay 1ce—'

- covered well lnto, 1f not throughout, the month of June.

ThlS means that/amblent alr temperatures can- be qulte hlgh

and condensatlon on the 1ce 1s a common phenomenon »fAnnual

evaporatlon istusually expressed as a. net value whlch would

1
I

be decreased by any condensatlon Because of thls and

earller reasons, the larger]akes would have a 1ower net

L annual‘evaporatlon.'V ~ .,»;' R

o

VEGETATION R S

By
. wETL

The Baker Creek Ba51n flora is' composed of plant specxesv“"‘
“;Whlch have adapted to poor grow1ng condltlons.' Long perlods ;,

{Q of extreme cold and phy51olog1cal drought, shallow 1nferJ11e

L 50115,'a short grow1ng season,'Sporadlc permafrost and F:

poorly dralned ac1d1c muskegs ‘ilgdetrimentallywaffectgtheu'
prow1ng condltlons. | o

Conlfers are the domlnant tree type found in the ba 1n..

They are cold hardy and due to thelr eVergreen nature, exceptf

for the larch, they are able to carry on photosynthes;s 1n

the sprlng and fall when the dec1duous trees have no 1eaves.

Sy
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Thus they are able to more effectlvely make use of the

A

'llmlted solar radlatlon avallable. Thelr needles are also
kadvantageous in that they have a waxy coatlnggand a small
surface area whlch contrlbute to the preventlon of dan—

| gerous Water loss from the plant

The most common conlfer in the ba51n is black spruce;
‘l.It is less frost tolerant than whlte spruce, whlch is also
'present but 1; able to occupy a larger varlety of 51tes.»-

_Although 1t is normally 51tuated in wet. a01d1c muskeg de=-

“'presstgns, 1t was, frequently found in crevasses on: upland

rock area;w1th1n the basin It has a w1de,vshallow rootlng.wf

system whlch enables 1t to cope w1th hlgh permafrost tablesgv_

Whlte spruce was not found to be a common sp301es
ixw1th1n the ba31n but 1s a major.spe01es 1n most subarctlo
‘areas of the world It demands a. better dralned habltat

,than does black spruce“ld 1s found 1n great numbers on
v“the sandy beach depOSltS out51de the study area. S
o Jack plne is the domlnant conlfer on the well dralned

;upland areas. It has a deeper taproot than do‘?he prev1ous

two spec1es and grows best on sandy beach dep051ts where

_the permafrost table is qulte low or absent In the ba51n""\

‘1t 1s found predomlnantly 1n the flssures and hollows of
‘the upland rock’ areas whlch it shares w1th whlte blrch and
-;wto a lesser e\tent aspen poplar. Jack p1ne 1s lmportant o

'*as a prlmary colonlzer 1n Ifcently burned over areas. It,

.along with black spruce, possesses serotlnous cones whlch
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_open to- permlt dlstrlbutlon of its seeds only after the

ascent: of water to the cone has ceased w1th the death of
PSR S -
'the tree In the.case of jack plne it lS thought that”flre
¢ S .
- 1n1t1ates the openlng of the cones by burnlng off coatlngs q{riﬁf !

’i”FOE resin (Daubenmlre, 1974: p. 327). R

»
=

_The remalnlng coniferousrspecies'in the study.area is~
‘larch' As With:the-spruce,.it‘has‘a shallowyspreading T
'root system Wthh enables it to- cope w1th the permafrost
‘condltlon. It is found 1n the poorly dralned depre551ons_‘
:'along w1th black spruce.v Larch rarely occurs 1n large

. } \
stands and 1s not an 1mportant speFles quantltatlvely w1th1n

‘the ba51n., .
Of theg%eCLduous speCLes, only whlte berh was found
Cin- large numbers w1th1n the study area It also has a l%*
.shallow root system and although 1t is able to grow 1n a 3
varlety of 31tes, lt prefers well dralned sandy sorls.._It]
':1s the domlnant de01duous specres on the upland rock areas,
_'sharlng these locatlons w1th jack plne. “.:f,”.s ,
B An 1mportant adaptlon to northern cllmate w?zch whlteiggv iw;ﬁi
Vfblrch possesses 1s a. thln chlorophyll layer ]ust under the
hbark whlch enables it to carry on: photosynthe51s 1n/the
sprlng before-lts leaves have appeared or in the fall
»after they have been dropped h
| ' Whlle aspen poplar lS an 1mportant deciduousfspecies
jiin the:north» extendlng,to the treellne in many areas, it'
‘was found to be sparserln occurrence 1n the Baker Creek gaSLn.
It uas present in large stands, however, 1n the sandy beach

.:/

o
i
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dep031ts south and east of the study area. Balsam poplar

also occurs rarely w1t'1n the ba51n, usually 9long water
. I : : , _
y courses

- Wlllow and aldgr, whlle technlcally tree specles,l..

_ are treated here as shrubs. They are extremely w1despread
‘;and ex1st on almost every type of. 31te., Many spec1es of

the w1llow famlly are phreatophytlc and are found along
_water bodles. In sufflclent numbers they can add substan-“f
47t1ally to the evapotransplratlon of an area by drawing upon plr:

ol

'*water whlch would otherw1se be lost to the system as runoff
Understory vegetatlon con51sts of a varlety of healthy S

shrubs, low herbaceous plants, grasses, sedges, rushes,

0

ﬁﬂ;mosses and llchens.‘ A c0mplete list of speCLes w1ll be

"found ;n Appendlx C aﬁd a dlscu551on of the plant aSSOCl-

t

-atlons 1s developed in Chapter Four._“h
| Llchens are prevalent on the rock outcrops : The most
“‘common are the green and black crustose llchen§ whlch are
:prlmary colonlzers and ald chemlcal and mechanlcal weather—l

1ng 1n breaklng down the rock structure.¢ Cladonla _pp
commonly known as relndeer moss, 1s 2 frutlcose llchen whlch* 3

.
=

gforms mats on depre551ons 1n the rock surface and acts as;

L a sponge 1n retardlng runoff

Q Mosses, espec1ally Sphagnum,gﬁre w1despread in the
! S
iba51n 1n depre551onal muskeg é@%és@ They are also found

'overlylng flssures ln the rocﬁ“hreas whlch collect waterT/
. ‘) . . . ._'/ ':'v
: durlng snow melt or after ralns.-

. . B . A . ,9 '

@

.'@
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',3 are 1nvolve w1th the physrTal relatlonshlp between 5011

: T
. Agronomlsts and agrlcultural englneers have bee more- spe—

CHAPTER THREE-  + .

S P S ey
A number of studles have been performed by people in

a varlety of sc1ent1flc dlsc1p11nes~1nvolv1ng the subject

of 5011 m01sture storage. For example, botanlsts have been
e : . :

'; 1nterested 1n the amount and avallablllty of’ water to plants

ln general under varlous 3011 and Cllmatld condltlons._

7 ‘e
o . —

c1f1cally 1nterested 1n the practlcal aspects'o.; ;f\ﬁfgnd'-

cropplng patterns and not surpr151ngly, the majiilty of

,'vegetatlon studles deallng w1th 5011 m01sture retehﬁlon

have been carrled out for thls purpose..=801l scientlsts R
‘ Co

. N

water and such factors as’ 51ze and type of 5011 partlcles,
structural arrangement, por051ty, 5011 suctlo% and 5011

temperature.' Hydrologlsts have been concerned w1th the

movementrof water in| the 5011 the effects of the 5011 sur- 0

& o 1

-

‘ face on nunoff and, 1n studles such as the present one, of

o effect on the water balance.

the varlatlon in amount of water stored in 50115 and 1ts

v,

- : ‘ i . o

ThlS chapter is a con51deratlon of the flndlngs of some"*9;

N o - ’

- of: these studles as they relate to. the present theSlS. ,Itfftnf

S ;w
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 i's divided into three,areas} soil factors,rplant féctorsA=
‘and climaticvfactors. Related studles 1n subarctlc areas,
though ‘not spec1flcally deallng w1th 5011 m01sture storage,
are 1ncluded espec1ally those 1nvolved wlth the role of

llcheng and mosses ln the water balance. .,“*ff;'

y In thlS thes;s the empha51s is- placed on water stored
L

‘,1n the unsatu;ated zone of the 5011, 1 e., that portlon above’L

and not 1nclud1ng the groundwater table., Remson and- o &}l

v

Randolph (1962 P D 2), dlvxde the-unsaturated‘ZOne'into R

three parts, the caplllary frlnge, the 1Htermed1ate zone and

NS the belt of 5011 water.- In the caplllary frlnge, the lowest

. LN ‘
layer, the pressure 1s less than atmospherlc SP that capll-L

s

-

L lary waterlls able to extend above the ground water ‘table L
“agalnst the force of grav1ty Thls water 1s contlnuousv
,>w1th the ground water. In the uppermost layer,.the 5011

water zone, mo;sture 1s avallable‘to the roots of plants B

.T*::and/or is suscebtlble “to e/gporatlon frgm the 5011 ihefi

- role of ‘the rntermedlate zone 1s ba51cally dne of grav1ty

transfer of excess m01sture from the 5011 water zone to andf

beyond the caplllary frlnge., | o 'v

The concept of fleld capac1ty lstappllcable here and

.‘1s descrlbed as "the amount of waber held 1n a 5011 after

excess has dralned away and the rate of dralnage has become f? '

'sllght or zero,va state usually reached 1n two or three

days after raln or’. 1rrlgat10n on perv1ous 50115" (Penman,

1963 PR 46), Detentlon storage refers to the water over

B

~

RO

T
.- .
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and above field capac1ty whlch will be lost to dralnage.
.Retentlon st rage 'is the amount of" watet up to and 1nclud—.~
1ng the fleld capac1ty of a glven 5011 less the amount

'below the w1lt1ng p01nt vInvpractlce some of the water

f-)1n detentlon storage lS avallable for evapotransplratlon

on its journey through the zone of 5011 water (Laycock l967,, !

'Appendlx B p 1, ), and thls tends to make pre01se measure-
"ments of field capa01ty dlfflcult Thevw1deéoccurrence'of,.f
f‘poorly dralned 1ntrazonal"organlc soils in the Bakerlcreek'

’hlBa51n also confuses the &Se of the fleld capac1ty concept

w‘Many of these areas are underlaln by 1mped1ng layers of_i-p*

L

‘of whlch w1ll be eventually evaporated rather than contrl-:
xhbutlng to. the runoff ' ThlS problem w1ll be developed later
in thlS chapter.’f_’_i”‘bv Z"‘, ' pi,fv} v'f ,f&_" : ;f::

‘*‘ Another tern usually assoclated w1th fleld capacltv;' 1

© -

-w1lt1ng p01nt, denotes the lower llmlt of retentlon storage.

It 1s deflned as. the m01sture content of the 5011 at whlch »if‘

.

'plants are no longer able to extract sufflclent water to .
e

asustaln growth (Llnsley and Fran21n1, 1964 p 387) and as

~

' such 1s a botanlcal concept and only partly related to 5011 R
’“ﬁor hydrologlcal condltlons.- Plants w1ll lose turgor and w1lt S

’“becaUSe they have exhausted the supply of readlly avallable

lwater surroundlng thelr root zone and are unable to create

enough osmotlc pressure to oppose the force of grav1ty and/or

Lot

-

hfpermafrost and/or bedrock After a perlod of prec1p1ta 1on,."* 7

. there is often con51derable surface detentlon storage,’much o



._'water in”the soil"
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|

of colloidally—bonded_particles holding'the remaining |

' There are many factors whlch affect the amount of

i m01sture held in the unsaturated zone of the 5011‘ -They. -

>

'.hulnclude such 5011 propertles as texture, structure, depth

‘]2 storage, studles of

'j'amount of organrg matter present stratlflcatlon and

temperaturg (Kelley,‘1954,_p;l78);' Vegetatlon effects. -
are depth and structure of rootlng, extent of cover and L
,dlfferentlal transp}ratlon rates, although the latter is-

LR o T

: *a controver51al subject

Il"addltl

Voo

to those ﬂetermlnants of 5011 m01sture

Qlimatlc elements 1nvolved1n potentlal
>and ‘actual evapo ran 1ratlon are dlscussed _.Such factors
vas solar radlatlo_'fthe energy supply avallable for the-;f
'heVaporatlon and transplratlon of m01sture), temperature,

’prec1p1tatlon and albedo of dlfferent surfaces are 1nc1uded -

v; s

: S_OI'L FACTORS

The capac1ty of 50115 to absorb and retaln prec1p1—
‘%tlon is the prime regulator of the response =
aracteristics .of. any watershed. Comprehen51ve
“and quantltatlve knowledge of this. capacity is a L
prerequisite for successfully predlctlng the ‘hydro-
logic performance  of watersheds  in.a natural state.
Lor. 1nfluenced by man's, acthlty. »

England and Steppenson (1970 p. 89)

:'TeXture L o O, . Co s
The mlneral portlon of a’ 5011 1s composed of a varlety'

of partlcle 51zes.‘ For convenlence, these partlcles have‘

LA

5-j been arranged 1nto 51ze classes known as’ 5011 separates.



-
/

‘Texture ls an expre551on ‘6f the relatlve-porportlon of
jsﬁll separates in ' a glven 5011. 5011 separates vary\ln.;
51ze from gravel, w1th a, dlameter greater than 2 mm ; to:nf
clay w1th a dlameter of less than 0. 002 mm. Most 50113
are composed of - the 5011 separates sand 51lt and clay,
w1th sub51d1ary gravel components The texture of a 5011
bﬂlhas an. 1mportant effect on. that 5011 s water holdlng capa- :
7c1ty and in at least one- study, Salter and Wllllams (l965);d,
: the conclus1on 1s that texture 1s the 51ngle most 1mportant.
factor determlnlng the m01sture characterlstlc of 50113 .\ |
Fleld capac1ty of 501ls can vary greatly dependlng
y;yupén texture It may be as low gs four percent (by mass) </
_in sands whlle clay can’ retaln as much as 45% and some 5 _ :
organ1c$5011s may contaln over 100% (Hlllel 1971} p[ 164).6
.’iSalter and Wllllams (1965), studled the avallable water'vbjrhf{
A,capac1ty 1n the upper twL feet (the belt of 5011 water': |
idescrlbed by Remson and Randolph 1962), of twenty—seven
'.50115 Thelr results 1nd1cate that the freld capac1ty
1ncreases as’ the texture becomes Elner but the medlum- .
"textured solls contaln the largest volume of" avallable ”il'
o.water.; The follow1ng are thelr flndlngs of the fleld capa-.

01ty and avallable water capac1ty 1n the top 30 centlmeters;ﬁ

'of the three 5011 materlals most relevant to the present study~:

. Materlal ‘*"'b (%H O) .V?cléi -A W.C. (cm ) s
T T——— . . Lo ) 3 ] Co . ; \. - P‘ . _ . .
Usama 0 I A T \f-' L
- “Clay 39,4 e i"f' 4.9
(peat 0 1se.8 o g9lp

. : ? A}
(modlfled from Sa&ter and Wllllams,ll965 P. 312)
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‘Millar, Tuck and’Foth (1965 l85), agree w1th thlS con-.
cept but state it sllghtly dlfferently, flne textured soils

-have the hlghest total water holdlng capac1ty but s01ls of

L -medlum texture have the greatest avallable water holdlng

ablllty, ,e that above the w1lt1ng p01nt. |

E vV.Jamlson-and Kroth (1958 P. 192) also found that the
‘v'avallable water storage was greatest 1n 50115 w1th a hlgh
r51lt (medium texture) content‘and decreased w1th hlgher sand

'and/or clay percentages From hlghest to - lowest water 1h‘

~ T

storage potentlals the mlneral graln size 1s cog}se 31lt,fe
flne 51lt, clay, flne sand and coarse sand A loam, however,

-"1s characterlzed as posses51ng a greater avallable water
LY

i:capac1ty than ‘any well sorted textural class, as is demon- .al

‘ ”Eﬁstrated 1n Table 3 1 _ Chang (1968, 198) is in agreement

[

w1th thlS but 51mply makes the observatlon that the usable

water for: plants is greater in clay sblls than inthose w1th

a coarse texture
ThlS sequence can be d1v1ded even more, as Hlllel (1971

-'jpf\l 4) found that the type of clay present in a soil has a

N

'“deflnrte bearlng on. ltS water retentlon ablllty The greater

‘"‘the percentage of expandlng lattlce clay mlnerals 1n the‘

»5011 the lore hygroscoplc water w1ll be absorbed by the i

-

f”partlcles, and thus held 1n the 5011 However,amost of thlS
o 1ncreased water content is held so tlghtly by c01101da1
o bondlng that. the w1lt1ng p01nt rlses and much of the water

'fls not avallable to vegetatlon.

Almostuall clay found_;n_natural'soils is colloidal and -



‘Table 3-1:
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,Avallable water storage and air
- capacity of soils with dlfferent

.’itextures (based on moisture re-
lease between 143 and 15 atmos- -

- Soil Type

_Lakeiand Sand

" Hiwassee Sandy Loam

‘pheres tension),
”p. :

465)

(Jamison, 1956,

S

»Cbmmérce,Silt_Loam,J “

~ Sharkey Clay- -
.,L;de;élay

14

' Available Water

Capacity.

m1/100ml . =

z\ S
i
3

.

' ' Air Capacity .
‘ . - . ’ VA . .‘ . i. .

ml/100ml.

RS

26

18

ER
_6{]

.* 151_



m0st collomdal clay lS crystalllne (Donahue$xgﬂ. al., 1971

,‘p;js});a Clay crystals are sheetllke in structure and con-.d

-

tain. a negatlve electrlcal charge When wetted montmorlllonlte,“'

H‘fOr example, expands so. that addltlonal space ex1sts between
the plates in: whlch catlons and water molecules can be

‘Habsorbed (Gardner, 1977 pg 405) . Kaollnlte, another 1mportant

~

:.,clay mlneral does not have thls ablllty to expand

1

Smectlte 1s the name glven to all mlnerals formerly '

) clas31f1ed as the montmorlllonlte group of expandlng lattlce

aW5111cates. The smectltes -are respon51ble for nearly all‘of jd}”

,:the shrlnklng and swelllng that takes place 1n SOllS (Dlxon
zfand Weed 1977, p 293) Incltdeb in thlS group is benton-A
1te,_a term whlch is. often mlsused as belng the equlvalent =
1iof montmorlllonlte Bentonlte is an altered dep051t of

_“ volcanlc ash normally found 1n prehlstorlc lakes whlch poss-
4esses a vEry hlgh Slllca content essentlal for smectlte
‘tieformatlon (Dlxon and Weed 1977r'E 308) _. . _;mFV

| Ward (1967 p 197), states thﬁ@-the main forces ln-:lj,»j

‘

.volved in holdlng mOLSture in the 5011 are absorptlon, osmotlc
T:forces and caplllary forces. The texture of a 5011 1s

~1nstrumental in the appllcatlon of these forces.' As 1nd1‘

.

”i7'cated above, most clay partlcles are colloldal and thus haVe

:‘the hlghest absorptlon ablllty of the 5011 separates.:'In'
'-adpltlon, because they are flne textured the range of pore
'éﬁ;space 51zes in a clayey 5011 is much greater than ln a pre-

"fdomlnantly sandy or 31lty soll Thus there 1s a- hlgher



——a z

percentage of small pores 1n whlch sorl water can bevre;‘
'}talned at hlgh suctlons, whether caplllary or osmotlc,
fthan in. coarse textured 501ls whlch tend to hold water 1n‘

.large pores at low suctlons only Suctlon ln the 5011 1n—‘

3 .creases as the 512//of the pore space holdlng water decreases

' (rable 5-1). |

: StruCture' R ST :-‘," z'f:\y

. related to the surface area of the 5011 separatdb (texture),v

‘but also to the pore space volume The latter 1s a functlon’

and. aF the total m01sture content in the 5011 decreases

L ",',' : . ’ R “‘r-

The m01sture holdlng capac1ty of a 3011 1s not only

tw of the structure of a 5011 (Mlllar, Turk and Foth 1965,'5.
3p,j54).~ Structure refers to the arrangement or aggregatlon,
'of the 1nd1v1dual 5011 partlcles 1nto compound partlcles o
‘separated from ad301n1ng aggregates by surfaces of weakness.l-

"fPenman (1969, p. 50), descrlbes a well structured sorl at - A

'-?fleld capac1ty as consrstlng of~saturated aggregates sur— ,7
frounded by completely dralned pore spaces. Plant roots w1ll

x”absorb the water from the aggregates cau31ng one. of two «

'_SLtuatlons to occur., Elther the* dlsplaged water w1ll be‘g‘

repl?ced w1th air and therefore leave the 5011 structure

lba51cally unchanged or the 5011 partlcles w111 be drawn

*ltoget er as water 1s removed thus Cau51ng a tlghter packlng

J

L lof the partlcles and affectlng the structure untll rewettlng
takes place Most,so;ls Wlll react somewhere between.thesezu

tWO extremes .

62
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N

- Development and 1mprovement of structure 1ncei:es the S

| permeablllty and air capac1ty of a. 5011 but decreas s ltS ;"‘,,’%~
) water holdlng ablllty (Jamlson, 1955 p'v46€, Jam;sdn and->v-
. A /r .
Kroth 1958 .-192) After a perlod of prec1p1tat10n,wa
. NG -

.well structured 5011 will admlt more water 1n1t1ally than
a poorly- structured clay or 51lt 5011 but that water w1ll

halso tend to draln beyond the 5011 water zone more qu1ckly

"Aggregatlon 1ncreases the volume of large,\eaSLly dralned

. pores but decreases the volume of the smaller m01sture-

‘storlng pores.;}f:, . ‘_1 | ‘ _ ,

Another factor whlch .can markedly affect the fleld |

f.capac1ty of a . s011 is the presence of lmpedlng layers in C
“the substrate (Jamlson, 1956 p.,463 Peters, 1965 p. 280) fv[ff_

These strata range from those whlch slow the dralnage and' ,hh'f;;

3‘51mply lncrease the tlme requlred for that 5011 to reach .

fleld capac1ty, such as clay and sand lenses,‘to thosé whlch'.

'form 1mpenet/able barrlers to downward percolatlon. fThef".

1atter are represented by bedrock and a hlgh permafrost

ftable, and are espec1ally relevant to the present study area.

- t Mogt azonal 50115 in. the Baker Crgek Basxn ‘are found

‘p’malnly in- the upland dreas: They are shallow, underlaln by

”Ahbedrock, and often located ln small depressxons 1n the rock

CA perlod of raln in the summgg can qu1ckly saturate the

V'501l and create surface storage. The 5011 w1ll remaln sat— -

"_'.urated untll the excess water, that. above the normal fléld B

-capac1ty of that 5011,15 depleted elther by evapotransplratlon



‘,;/Gr/slow dralnage rough the rock Mlller (1973’ p. 108),.*j9 LI

-

/ found that lf the underlylng bedrock is fractured to the 3'
p01nt of permlttlng some water to draln by grav1ty flow,
the 51tuat10n is very srmllar to one 1n Whlch a 5011 1s

underlaln by coarse mater1als.='

T e

7 Intrazonal 50115 found 1n the exten31ve muskeg areas_ e

)

w1th1n the Baker Creek Ba51n are mostly underlain by perma-
| frost The permafrost table acts as an effectlve barrler
' to downward percolatlon of s01l water.' ThlS 1mpenetrable
d'layer, comblned w1th the extremely hlgh absorptlon ablllty

'iof peat and the lack of transplratlon by llchens and mosses,””yyf
“often results 1n perlods of. standlng surface water on these%1‘
lorganlc SOllS.h '”::'[ "}u_fi?;_ff’ . o |
The consequence of these‘condltlons is that the con?/i,'
fcept of fleld capa01ty 1s often not appllcable in subarctic :
areas in general and spec1f1cally in the Baker Creek Ba51n;;{j;
:The determlnatlon of m01sture storage capac1ty for these.ﬁ"k
.50115 is’ thus compllcated and thlS factor must be taken o

.71nto cons1deratlon when calculatlng the watEr balance for

- the ba51n.-»'}

f Organlc Materlal

Py

Thlck accumulatlons of organlc matter 1n muskegs and

7_t_sedge meadows w1th1n the Baker Creek Bas!& are extremely
R - 4' N ’ . .4 .
I/fgnlflcant 1n the water balance because ‘of the1r large

,morsture storage capac1ty and because of the poor m01sture '
ikftransfer from a saturated sub layer to the air above._nThe?i‘

I : N R



-greatest percentage of peat dep051ts in Canada occurs 1n.‘“
~ the dlscontlnuous permafrost zone (Brown and Wllllams,..
1972 p._3),,1n/wh1ch the present study area 1s located
Poor dralnage 1s a characterlstlc necessary for peat for-.-
"matlon and the numerous depre581ons Ln the shleld bedrock,
foverlaln by clay whlch acts as a sealant for the smaller
'fractures, have created the essentlal condltlons | .

| Brown and Wllllams (1972 p. 4),'1nd1cate that peat
fcan old as much as flfteen times 1ts welght of water.
’fThls fact alone would seemlngly explaln the great m01sture-;.
_ retentlon ablllty of muskegs and peat plateaus.t The'rela-"

N _
tlvely hlgh Value has muéh less 51gn1f1cance, however, when

’f_ithe low volume welght of. dry peat 1s consmdered (Feustel

“;gand Byers, 1936 p. 7);,‘
) Other factors of ; 1mportance, then, ‘are. the- depre531onal

:51tes, the 1nsulaf1;7/propert1es of the peat whlch malntalns

_Jf}ﬁd{'_* v

cool subsurface tem eratures, retardlng evapotransplration ’\‘;lﬁ
/ .

'and protectlng the underlylng permafrost table; and pondlng

,fof water on the suﬁface Brown and Wllllams (1972* p':4ﬂ,‘ug

3

'explaln that in poorly dralned organlc terraln, surface
water from rain or snowmelt in the sprlng remalns near ‘the

surface or floods 1t cau51ng most of the energy from solar

>l7rad1atlon to be used 1n evaporatlon and not ‘in warmlng the

".5011 At the beglnnl of the summer the 5011 beneath a.
e«.ﬁ

~Alayer of peat cah r n frozen untll raln water saturates

N

f_lt:(Budyko,,1974," 471)



' _moss peat had the hlghest mOLSture—holdlng percentage of . any~

- ‘an 1nput of prec1p1tat10p.. The water moves by convectlon

B T

vFeustel’and’Byers (1936 p. 7) ‘showed. that sphagnum

7
: materlals used in their study and was as much as three tlmes

fhlgher ‘than other peats ThlS 1s espec1ally s1gn1f1cant\{n'
?the Baker Creek Bas1n where most of the organic terrain \
areas were found to., be composed of sphagnum peat\(Landals,
1970 p‘ 33; nght 1973, p. 26)

The movement of water varles w1th depth in peat bogs.

f:Brown and Wllllams (1972 pP. 5),‘observed that the m01sture

content of the surface area of sphagnum responds qulckly to
Vo

‘ in the water-fllled pores,,by grav1ty along the lelSlon
»between the surface cover and the saturated peat b , and
by vapor dlffu51on under unsaturated condltlonsvv Water in
‘the saturated partlally decomposed peat below ‘is v1rtually

“r.stable and varles llttle annually

Dlngman (1966 'p 757), 1n a study of runoff character-la'

: V.1st1cs from a watershed in central Alaska, found that the

‘ response of streams ‘to a perlod’of prec1p1tatlon was. extremely
slow as’ compared to 51m11ar 51tuatlons 1n -the mld 1at1tudes.'

_He felt that the reason was partlally due to the long dls-_

tances that the water had to travel through mosses and organ'c .
. surfaces before reachlng the stream channel
Patrlc and" Stevens.(196é 3N 175), studylng 3011 m01s— |
'x‘ture levelan varlous 50115 near Juneau, Alaska, dlsputed the

1dea that muskegs are unfalllng sources of streamflow rn d y ‘



,‘weather "Their studies ‘showed that'muskegs-often behaVeyi'
. as pondlng areas for water from adjacent upland reachesr
Durlng diy perlods muskegs are 51mply an exten51on of
”streams, the unsaturated upper layer actlng as a w1ck
_conductlng water/from adjacent mpland areas to stream
channels’ | - | |
Large tracts of muskeg w1th lmpeded dralnage make con—hjfh

'751derable use of surface detentlon storage but retentlon
\\\storage capac1t1es are rarely utlllzed (Laycock 1967
'iAppendlx B, p.;S);: In a study of the response to. runoff
of small watersheds w1th con51derable organlc terraln, Bay
(1969 p lOl),,found that from the perched bogs water .
yleld occurred durrhg wet perlods but that perennlal storage
ﬁ was not avallable for dlscharge durlng dry perlods. de:"

‘peak flows" and extended recesslons, however, 1nd1cated that
~the bogs dld store short—term runoff espec1ally after summer

. drylng perlods ‘when the watertable was low.

Organlc matter is. also effectlve as a- retalner of water

"fwhen 1t is present 1n mlneral 30115 _ Humus has 001101dal

,fpropertles, as does clay, and is able to hold water mole—-“lrﬂf. '“.

‘M:cules by 1on1c bondlng;' Therefore the addltlon of humus

\ -

: to most 5011s w111 1ncrease thelr retentldn storage capac1t1es.
N

‘However, the amount or organlc matter present in most mlneral

‘50115 1s too\small to show much of an effect (Hlllel l97l,g

\ :?j:' Ce

| p ]_64) _\
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.. VEGETATION FACTORS

apdting:Behavior T A ~
. “The" m01sture—hold1ng capac1ty of a 5011 depends,‘ln

large part, on the texture, structure and depth of the 5011

f Mather (1961 p. 253), found that 1t varled from pust a few c
mllllmeters of. ater 1n a shallow sand to over 400 mm on a_

‘;deep, well—aerated 51lt loam. He.also noted that the depth
»of rootlng of vegetatlon seems to parﬂlally compensate for
the wide range of morsture-retentlon abllitles of dlfferent.ﬁt'h
‘solls. For example,vsand whlch stores the least amount of -

-__water, permlts the deepest penetratlon of root growth so,that

_halthough the 5011 near the surface drys out more qu1ckly

"athan does that of 51lt or clay,.the plants can draw upon }dbht

v

'water at lower depths. Roots, ln themseﬁves, act to hold

(

m01sture in a 5011 by thelr suctlon pressurer Thus deeper

'Troot;ng 1nsand 1ncreases 1ts storage capaclty

“' Muller (1966 p 282), 1n a study of reforestatlon on
he Allegheny Plateau 1n New York State, showed that the _
%epth of the rootlng zone 1s 1n1t1ally governed by the growth
hghablts of plants, so that for the. same.501l type the re~ .
tftentlon storage capac1ty can‘dlffer accordTng to vegetatlon
'pand land cover types.’ Muller p01nts.out however, that ~
:rootlng depths may be strongly modlfled by the 3011 env1ron; L
’ment and perhaps even the aVallablllty of 5011 water.
}_h' Penman (1963 p. 46), descr;besiroot.hehavior as a _ffh /.

o



o

.dgerminatv_n throughout~them11fe of the plant. Rootlng4‘

‘:acrop and the 3011 characterlstlcs.'

foraging for water rather thanvan,ability to draw-water /
from moreuremote areas by.suction‘ Ayers (1968» p 6),A
.also indicates that the root systems of annual Speq;es_ E

‘ vegétatlon seek out the’ avallable water from the tlme o}

l '

’ -

. , o
on - the r 1nfa11 pattern. He also found that perennlal

egetatlon eXhlbltS the same varlance.vvg} ;_,Wm"u'

[}
Y

| Thornthwalte and Mather (1955 =B, p- 350), showed that ;.Qi

9

"shallow-rooted crops grow1ng in a sandy 5011 have an ava11~

able-watervstorage capac1ty;9f only 2\5 to 5 0'cm;J whereaS'

v o

deep-rooted crops on a f;ne-textured 3011 have from 15 2 to

a ;

. 20.3 cms . of water avallable.. The amount of water storage
v e
must- be determlned from- both the rootlng structure of the \
' & R .\_\ L

1

j~ The concept of the root oonstant was 1ntroduced by

|

dPenman (1950) and refers to the amount of acce551ble water

"4

;1n the 3011 w1th1n the root zone, plus an 1nch to-alIOWtfor‘

v/ Ky R ;;

water just below the depth of rootlng ‘and upOn whlch the

L

“'plant can draw Penman (1969 p. 55), notes that 1n u31ng

-*f"thls generallzed ‘term one . must recognlze that rootlng

. -\
',structure and depth are not constant and can vary from 5011

"tg 5011 and w1th tlme for a glven plant 1n the same 5011

~

,,;"However, the concept 1s con51dered useful and can’ be used
T,ln elther spec1f1c cases where the depth and structune of LA

" plant roots are known or generally, such as 1n the statement



'Qyi\wa;er-logged condltlons support trees w1th su&erf101al, y""’

"‘~'l"f o DR ' ‘f:“.,:l of 70
that the root constant for trees 1s greater than that’for
e _ . :
grasses (Ayers,_1968 pq 7)

In the Baker Creek Bas1n most ofthe 5011 is’ located

-

1n poorly dralned”lowland areas, or 1n/upland depre551odh

'1n the bedrock 801ls found in the latter category are

malnly shallow w1th the bedrock ranglng from a few. centl---ﬁ'.
meters to rarely more than a_Teter below the 5011 surface.

Jamlson (1956 p 464), reports that whlle rootlng depth 4
‘and m01sture storage are llmlted by 3011 depth and. whlle ’4'5

-~

ractures 1n a- shallow bedrock layer w1ll tend to dra1n the
s 11 above, the roots of plants may be able to penetrate

the flssures and seek out m01sture below.- ThlS may well be

~.

.“h

|.. S S

_ the present study area.:ﬁﬁ
: The lowlylng organlc terraln w1th1n the ba51n 1s, for-_'

the most part, poorly—dralned Ikla study of water def1c1ts‘1_

'1n tr e specres, Zahner (1&68 _237), 1nd1cates that ex--}v_vf

j water and poor 5011 aeratlon have as marked an effect'

.-,"

'on root systems as does water def1c1t 80115 w1th these
: L4 L e
shallow root systems._ In dry years suoh trees w1ll suffer,ihi

con51derable damage and dlsease 1f thelr root system can tf’H
==

?f; rapldly penetrate to lower m01st 1§nes._ Knlght (ﬂbGS p 110),

'l~ »dlscusses 51m11ar condltlons:for growth and notes that w1th

the pore spaces in the plant'root zone saturated the roots
become oxygen—starved whlle the soil becomes ac1d1c dlth

anaeroblc mlcroorganlsms prevalent _

.I_‘

the case w1th stunted black spruce in the upland 51tes W1thin:'



h{‘rThey found ‘that the forested 51tes malntained a hlgher o

'ﬂ‘5approx1mately 90% of the roots of herbaceous pl

71

Coa . . . ) . - ) ) /'

A further problem assoc1ated wlth growth of plants
~in saturated peat has been descrlbed by Jamlson (1956), ,

and Lutz (l956) Much of the water hel@ in- organlc

, 1s in the ten51on range above wlltlng and thus so tlghtly
thound that vegetatlon can t.remove 1t and is susceptlble
_sto w11t1ng (see Table 3- 2) ' | |
| Another study whlch should be mentloned 1s that by

Thames, Stoeckler and TOblaSkl (1955), concernlng 5011 )

m01sture under forested and non- forested 51tes ln‘W1scon31n. .

: m01sture storage than the cleared cropland The reason

'rwas partlally due to the 5011 compactlon of the treeroot

jf_xchannels 1n the surface layer of cleared cropland Thls/ff”

L4

compactlon destroyed the porous structure of the 5011 thereby

b‘1ncrea51ng 1ts den51ty and 1ower1ng 1ts mOLSture storage"-'
5 . - : »L‘ -
vcapaCLty L

Vegetatlon, then, 1s lndlcatlve of long term 5011 m01s~
fhture cond1t10ns.5 There 1s not much 1nformatlon in’ the llt-

: A
erature concernlng water avail blllty to many herbaceous

’_plant spec1es, elther w1ld or domestlc, or to conlferous and

'f_@ec1duous trees (Ayers, 1968, p, n);ﬁ The rootlng character—f.-

"_1st1cs and 51te preferences of some of the spec1es found in -

'{the Baker Creek Ba51n are documented however.' i

Rodda, Dowplng and Law (1976, p 145), report that

t
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“Typical moisture ‘capacit

-+

«

-

ies
k‘ 0, < L] . L3 . coT X
~ for various: soil textures

p.

Y

"Pexcént ny,Weith of‘Soil'i

(Linsley, et al., 1975,'
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.“1s more llkely

“observed that the root systems of most'annuals are locatedh
uln the upper 30 4 ‘em. of sorl but that close—grow1ng
'perennlals such as alfalfa,.may have root systems whlch
"penetrate as much as 12 meters.,_,‘ﬁy . -

’ The conqentratlon of the root mass of most plants, even
the deeply rocted spec1es,_1n the uppermost portlon of the
ﬂb'501l may not. be "a. result of nece551ty to absorb water fromv
\hvthat partlcular 1ayer. HOOVer, Olson and Freene (1953’l

d‘p; 150), belleve that there are probably many more roots ln
t'the surface 5011 than the plant specles needs to eff1c1ently
‘Ahremove water Instead the abundance of roots 1n thls area
\due to the more favorable condltlons for root
:growth . These 1nclude favorable dralnage and root aeratlon,’
‘advantageous 5011 teftures caused by weatherlng of the mlneral
3‘5011 and readlly avallable nutrlent supplles from the decom-“ v
‘ p031tlon oé\oréanlc materlal on or close to the surface. lnfl
:,fan area such as the' Baker Creek Ba51n whlch is® characterlzed_f
by . frequint rain- showers Ln the grow1ng season, the upper
f_root zone of theA501l w111bconta1n a concentratlon of avall-'
‘i‘able 5011 m01sture.f Plant roots located ln thlS upper 5011

e T
',zone w1ll thus have access to abundant m01sture and w1ll not

,'red to exert hlgh suctlon pressures ln order to absorb -
: _ BT _ SR R

In’ormatlon on the rootlng hablts of " tree sp cies. is. more-'
'“readlly avallable. Under bettef 5011 condltlons han are
. 3

Lfound in the study area,‘Llnsley, et al., (1949, p' 170),

h~;ffound that plne, whlch has a deep taproot, can penetrate 3 to 6

..'.J .



vmetefs below the surface whlle spru'e rarely reaches down
',more than 1. 5 meters | Aspen roots are able to descend to_'
. .-
~
1.8 m. below the surface (Croft, 1950, p. 15); o

erformed 1n subarctlc'

Several studles whlch have been
Jhareas 51m11ar to the Baker Creek Ba31n contaln daia on the
.drootlng hablts and 51te preference of v'getatlon spec1es.v
In one of the flrst studles of far north'rn flora, Pulllng

7(1918 pp 226 232), found that black spruCe, larch and '\g
K whlte blrch have a rlgld shallow ;oot sy;tem, whlte spruce
: has a flex1ble and shallow root hablt, and jack pine. has'\fy 2‘

a deep, rlgld one. Stoeckler (1952, p,,8), studylng Alaskan

' fftrees, shows that the root~mass of whlte spruoe 1s qulte.*

N

-'shallow, in some cases less than 30 cm deep Because of\l _
'thls, the whlte sprugsrls able to grow lngvery shallow 30113,’
“although a Stunted form w1ll result Black spruce was also.!"'
ffound to. have an extremely shallow root system of 30 cm. ~5':2 :
':Larch had a broad, shallow root mass and 1t was noted that
jnearly always 1t was found 1n 5011 whlch was saturatid flne—
gralned and cold the permafrost table belng 30 to 45 cm.,f
T«

"below the surface._ Aspen grew best on unfrozen falrly m01st

501ls Wlth a su#ny, south facrng aspect, although lt was~

“.;lable to ex1st under very dry 5011 condltlons.” In a later

)

study, Stoeckler and Curtls (1960 ps 894), examlnlng 5011

<

fmolsture condltlons 1n southwestern Wlscons1n, notéﬁ that the '
SOll m01sture was tw1ce as hlgh 1n all cases on north fac1ng

'F‘slopes than on sﬁuth fatlng on;sh. Thls is due malnly tp the

: \ ‘\

L'hlgher annual 1nc1dence of solar radlatlon on south fac1ng



'crops. Accordlng to the llterature, however, thls 1s not .

S unusual

| ern Ontarlo, found jack plne grow1ng on very wet srtes w1th

75

‘aspects whlch drles the sorl more effectlvely and prov1des.v

more energy for. vegetatlon growth andgmolsture use.

One of the perplex1ng problems encountered in- the fleld.*x'
w-‘ ‘\‘

' fby the author1was the apparent lack of srte dlscrlmlnatlon

N, - i

: by two spec1es 1n partlcular, ]ack plne and black spruce. »f“#{;

‘Prev1ous experlence out51de subarctlc reglons created an‘

/

”1 expectatlon that these spec1es would be found in dry upland

“51tes and depre551onal wet 51tes, respectrvely Although thls

“~

‘was the observed general trend there were many exceptlons

'
where jack plne was found on the marglns of organlc terraln
Lo

- cand. black spruce located ‘in seemlngly xerlc 51tes on rock out—

Y

', v.'

a -

' Gaertner (1963, P . 367), &T a: study performed ln north—.

r—"."“

'»-f lack spruce.j‘Fraser (1954,-p 410), reported black spruce e

. as a co domlnant w1th jack plne\on xerlc 51tes 1n northwestern'

5t

E

'7Ontarlo. It is thought that an lntolerance to shade mlght be |
-

jthe factor whlch forces each spe01es to edaphlc extremes.“f

'-f‘ Larsen (1971 P 151), notes that whale whlte Spruce

"seems to prefer a rather narrow range of sorl oondl lons,
'q”black sprﬁte occurs over a~very w1de range of subst ate

*er types 1n Ft Rellance, N W . R;tchle (1956, p 5581, found:y

that 1n northern Manltoba jack plne ocﬁa51onally occurred with -

”dgblack spruce 1n hydrlc 51tes (muskeg) and that 1ts tolerance_f

jrange must be as great as that of black spruce.p' o
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'Moss (1953 'p:;222), 1n a study of forest communltles o
located 1n northwestern Alberta, states-d |

_It may be noted here that blahk\spruce does occur
‘apart from the two associations already descrlbed
Especially in the more northern parts of our region,
black spruce is rather’ common in pine and other -
fwooded stands on many kinds of terrain. For example,
near the Alberta - N.W.T. boundary black spruce; was

. efound on rather sandy soil. and level terrain, fin -

\'v--pure stands and also intermixed in various progor-

- tions ‘with' aspen poplar and jack pine. Such vege=-
-tation seems to defy recognition of, communltles,
“whether in: terms of tree domlnants or of assoc1ated
spec1es. D :

"_.It has been suggested that in northern Alberta the black spruo%

~:‘_*..found 1n xerlc 51tes 1s a dlfferent genotype than that occupy—'

"f._lng the muskegs (North, 1976 p. '_38)";-

e

The rootlng behav1or of plants, then, lS an 1mportant

‘factor influenc1ng both the m01sture capac1ty of a. 5011 and
,:

_'s1te preference among vegetat10n spec1es. Whlle there are
several exceptlons to the latter 1n the Baker Creek Ba51n, 1n
most cases spec1es locatlon conforms to generally predéctable
'15011 env1ronment condltlons‘ ' | |

"~Transp1ratlon B f"_u -w]«‘tr "'_-' RN "7_1

~

Transpiratlon may be regarded as a.: necessary ev1l to a
_ ] N\
:ﬂplant : It 1s true that the movement of water from the roots;”\

1to the leaf surface 1s respon31ble for dlssolved nutrlents_f

,1n the 5011 solutlon belng dlstrlbuted throughout the plant.“- .

'-But more transplratlon at the leaf surface than absorptlon:__}

»-
\

"f:at the roots can dehydrate the plant and eventually klll 1t.

'”;}Vascular plants must carry on photosynthe51s to llve and thehﬁ

photosynthetlc process requlres the stomata to be open for

PR
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rl

the 1ntake of oxygen and carbon dlox1de. More plants have
beenkllled or 1njured by transplratlon exceedlng water»_ -

. absorptlon than by any other means (Kramer, 1969,‘p. 297)
\

Subarctlc areas possess thelr own spec1al complﬁeatlons 1n

thlS regard The presence of permafrost and large areas of :

organlc terraln in. a55001atlon w1th vascular spec1es may well
. . . . e '. "’ N ) .

treate spec1al adaptatlons 1n the transplratlon rates of L,V

plants 1n these areas ‘due to the detrlmental effect of cold
o temperatures at root levels.' .r‘f';"” _i;

R N - S .
.,Vg o The role of transp1ra;¢6n 1n vegetatlon 1s a contro—, -

VerSLal lssue among researchers (Gates and Hans, 1967)

N

Some say that the plant has 1little or. no’ control over the
4

passage of water through 1t and that water moves from the-
_s011 to _the atmosphere by way of the plant s conductlng

vessels much llke a plpe, respondlng only to: llmltatlons -
N

encountered in the 5011 and air env1ronment (Thornthwalte,_

' 1948, p. 60 Van lek, et al., 1953 -p 35 -Penman, 1956,
S -
:p} 26; Hobbs and Krogman, 1968 p. 502) Others clalm that

N -
because the plant is a. 11v1ng organlsm 1t does exert a con~"

trol over . 1ts transplratlon rate and must be con51deyed
(Slav1k 1965, p 157 Baler, 1968 p. 155 Kramer, 1969,.\

p: 298 Burgy and Papazaflrlou, lg]l p..315 Ekern, 1929,

./

-lp;f739»~Gray, 1973 Py 3. 39) Swanson (1970 P. 36), ob-.

..‘,. .\"

s serves that there are tlmes when a tree does act as a plpe }:_1*

and there are’ tlmes when lt does not Part of the reason -
. :

for thlS apparent dlsagreement concernlng the role of the il'\A

3



. I8
plant 1n the evapotransplratlon process may 11e in- d;fferent

: -

B

deflnltlons of transplratlon For example, some deflnltlons -

E 1nclude plant resplratlon requlrements and others do not.
Another factor contrlbutlng to the controversy may well be
the 1ocat10n ‘of the varlous studles. CPruifes (1971), 1nd1cates

{ that Penman may have downgraded the effect of crop roughnessf

on evapotransplratloh because hlS experr@ents were congucted

f‘?h England characterlzed by a hlgh humldlty and cool condl-

tlons,vwhlle work in hotter and drler env1ronments have endorsed

~

‘a hlgher 51gn1f1cance to thlS effect.-

Y

Root Absorptlon

' Durlng and after a perlod of prec1p1tat10n water enters
. <]
'_»the 5011 and drawn by grav1ty, percolates downward through
~- b

the larger pore spaces and channels. It also moves 1aterallyv
by caplllary actlon to flll the smaller pore spaces between L
s01l partlcles and is 1n part absorbed by those partltles.VAIf
the 5011 becomes saturated the water w1ll contlnue to draln |
out of the 5011 m01sture zone untll the retentlon forces

-

equal the grav1ty force and the 5011 1s at fleld capacxty

i7~hf no vegetatlon ls present the 5011 m01sture w111 remaln
r latlvely unchanged except ‘in the surface layer whlch w1ll5
be affected by evaporatlon.f . | : _ | _

' If plant roots permeate the s01l they wlll qegln ab—
sorblng water 1n the process of transplratlon, and w1ll con—
tlnue.untll the 3011 suctlon, actlng to hold the film of

water about each 50115part1cle, equals the root suctlon.;*

Transplratlon effectlvely stops at thls tlme and the plant -QL___ﬂlM

7



N1

is said'to have reaghed the.wilting point.

Most natural cases of 5011 vegetatlon 1nteractr0n.fall

”;pbetween the two extremes of no ropts and total permeatlon
dSpe01es dlffer in thelr rootlng characterlstlcs and extent
of ground covera%F so” that the assumptlon of complete occu-n
pance of the 3011 by roots/zs)often not the case Even
allow1ng for these factors to be equal, transplratlon rates
are not the same for all spec1es.l Rlder (1957, P l92),
Bwarned that the 1dea of-equal transplratlon for all crops

| should be careﬁu}l?gzxamlned He found that dlfferent crops

vgrow1ng on plots of several acres are able to modlfy the .

"general weather affectlng them so that real dlfferences 1n
awater loss from deferent crops take place.' He dld not ela-

borate on the methods of- weather modlflcatlon by crops, however.

vKramer (1969, p. 339), notes the role of advectlon 1n cau51ng L
3
thlgher transplratlon rates 1n open, well—ventllated plant

”communltles compared to dense, closed stands.

Stomata, found in’ the leaVes of most vegetatlon,,act as
\

’f'doors to permlt the entrance of CO2 for photosynthe31s, and

'also as an escape for water vapér from the cell walls of the

‘1eaf These stomata respond to 11ght, temperature and water

content of the leaves, and varlatlons in these factors can

v

cauéﬁgthem to open or close,_thus permlttlng or curtalllng

&

Hel e
transpigatlon in theLplant The phy51cal reactlon of" the

'fstomata to varlous amounts of the aboVe parameters dlffers 1n
'1gv¥ 1ousP§Lénts. Therefore, the results of studles on trans-u
!— ) at .

I
plraE;on rates and assoc1ated phenomena of vegetatlon are_

g - ‘ T
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~important for the determination of variance of soil moisture !
, N . S o

‘ystorage. P o '-‘j - I L ”

Accordlng to Baler (1968 p. f170),'the'distribution,r

) both horlzontal and vertlcal of m01sture w1th1n a 3011 at §
,less than fleld capac1ty is 1rregular, and usual methods of y

'imeasurement of soil m01sture do not 1nd1cate the prox1m1ty

i'of water to the dlstrlbutlon of plant roots. Roots have

been descrlbed above as seekers of water rather than- relatlvely.

V'flxed absorblng bodles.' Root systems of varrous spec1es are

~‘not unlform and the uptake of water by vegetatlon is propor-'b %;
a e ;

_tlonal to the length of roots in a glven 5011 volume (Gardner,_i-

qtfl960 p 76). It should be noted however, that plants w111

often operate at less than full eff1c1ency due to a llmlted ,fxi'

favallablllty of energy »In thls case a longer root'system =t>.“

-

fwould not necessarlly prov1de greater\water uptake. f:;h”‘ f{.f‘
Slav1k (1965, 152), duscussed\the-mechanlcs of water AN
Qabsorptlon by roots.; One of the most 1mportant factors of
e
J, the avallablllty of‘water to a plant for transplratlonlls the -
r51ze of the absorblng root surface, whlch is- 1tself determlned
ln part by the veloc1ty of root growth ' Whlle vertlcal develop—'d
-ment 1s a functlon of many factors, most notably the character—'

flilstlcs of the spec1es 1tself permeablllty of the 5011 need f r

"the plant to reach dOanard for water and the presence or ab-:'

',sence of 1mped1ng layers in the 3011 horlzontal exten81on 1‘ '
vba51cally determlned by competltlon. ,§

Root env1ronment is. an 1mportant aspect 1n the prollfera—."

iv'tlonvof_subarctlc muskegs;~ Luth;n and,Guymon~(l974% p._24%)rv



_Mgl"‘

.\.\'

in a study 1n.Central Alaska, found that the roots of black
:spruce experlenced reduced resplratlon as.a result of the :
‘.anaerobyc condltlon of the s0il and therefore transplred very
'llttle. Othqr factors whlch favor the preservatlon of mus-
»kegs 1nclude a hlgh permafrost table, the presence of an
'flnsulatlng peat surface and the a01d1c condltlon of the peat

"whlch dlscourages peat redu01ng micro organlsms. .

.Stomata and Plant Response

| Water is absorbed by the plant s root system and trans-A’

v

'ferred to the leaf cells by means of conductlng vessels _dTheA

a

water, stlll in: ll%Uld form, lS then evaporated cond1t10ns’

’
n .

;belng favorable, “from’ the cell walls 1nto the lntercellular
:spaces whlch are connected to the stomata openlng The flnal
‘transfer of the water from the plant to the surroundlng alr'v
'1lls a process of molecular dlffu31on of wat\f vapor (World
‘Meteorologlcal'Organlzatlon, 1967 P 8);"ﬁ$\ﬁ ‘Ti.é

“ The amount of water vaporlzed at any glven tlme 1s
detepnlned by the nature

5011 env1ronment and the

three parameters must be taken 1nto con51deratlon whfn estl-ﬂ”

matlng transplratlon rates (Sw nson, ‘1970, p. 34)
& .
Kramer and Kozlowskl (196
,\Gl
plant factors affectlng transplratlon rate\\l\cludlng leaf
V.

' p. 2\5)<\mentlon several

s -area If other thlngs are equal plants w1th larger leaf

surface areas w1ll transplre more than those W1th smaller

j‘arteas.:. But, 1n an earller publlcatlon Kramer (1952 p 95),n

tates that whlle plants of dlfferent spec1es have diffé%ent'ﬁf



‘.futhan those w1th tthk cutlnlzed leaves.'

)

'4;‘such as bar,

'transplratlon rates, leaf structure 1s not a rellable

B the stomata 'Thi
‘_ w1th the spec1es.

‘loss among spec1es."['fp - -'_ lg'ﬁgﬂ F

Vconoltlon g may partlally close them at mldday,

tthe day,'neh;

ot

. - : ° . -
Y ) H . N ' . _..' +

-

¥

-
[

) 1nd1cator because plants w1th thln leaves have-lower rates _}

f"
\

Baler (1968, P. 170), in describlng the transplratlon;fr,f

t

process, sta;es that a p01nt 1s eventually reached.when
. AN

s011 suctlon becomes greater than the suctlon in the plantn ‘ {

leaves and in response, the 1eaf cells lose turgor, c1051ng

p01nt dependg‘on root dlstrlbutlon, the

' P’E rate and ch‘racterlstlcs of the 5011,wbut also dlffers

] o .
Kramer (1969,_p, 339), assxgns deqrees of

'stomatal control over transplratlon to dlfferences of water

o' . A ¥

v LN

5(/' Klng (1961 p 67), dlscusses varlatlons ln stomatal

. a
- o) . b

.behav1or of plant spe01es Most spe01es fall 1nto one of

R e i

three categorles'_ a) those whlch have thelr stomata open d: RRIDRE

durlng the day, closed at nlght and.'%ependlng on. the m015ture

a ”example"w

dht and open rapldly durlng

o
. - P
o "

aﬂ?ply\more than two hours at.a tlmr

that

|

SN

: =

It can be seen from the llterature mentloned above

B the ev1dence supports the concept th t° vascular plants do‘

V) b N , .

o control, to some extent, thelr rate of éransplratlon and thds

4

",the 1oss of //;Sture from the soxl., But whlle plant capacities,t

R3 . S @ IS

—< c -‘,-' " . . X k - - . e
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~ f;ﬁ. _for transplratlon may vary, these capac1t1es are rarely

lvéfully utlllzed, the‘llmltlng factor‘belng the energy Supply \¢,?

h'avallable or evapotransplratlon. Durlng long hot spells

\

e N
_i\*ﬁr .of weather transplratlon from plants may reach or approach

NN ¥
. [ [

-.1Q§1mum capac1ty ' in the Baker Greek Ba31n however, these
3 ’-.'l
ther condltlons are exceptlons Lo the normal SLtuation. SRR

L [ — . .- . [
e ‘In most cases durlng the grow1ng season vegetatlon 1n the

o®

e study area must compete for 1ncom1ng solar radlatlon and | »172,91

we the 501l-m01sture avallable to 1t 1s more than that requlred

e

N

for the grow h/p0551ble at the lower temperaturesv

';d’ ‘}‘-f However, all plants are not-vascular and therefore are]

~

- in subarctlc reglons, such as the Baker Creek Ba31n, where.
-9

llchens and mosses.make up a. consxderable percentage of the

: °flora.» The follow1ng 1s a rev1ew of studles concerned with

o

the spe01al role of‘llchegs and mosse»

1n northern areas. s

y'lelchens and Mosses hd\g; .
e

The Thornthwalte water balance formula mlnlmlzes the’

effects of dlﬁfergnt evapotransplratlon rates,for dlfferent
plant types, and Brown (1965 p. 20), feels that thlS 1s
partlcularly ob]ectlonable for subarctlc reglons where 11chens

and mosses ;re—éo w1despread~- Sphagnum spp .and other mosses

~.% '\are extremely\hygroscoplc and can 1ose large amounts of water

qulckly. Llchens, on the other hand can have completely dry

surfaces/whlle'thelr basal areas are qulte wet.uy

In a study carrled @ut at Norman Wells,, .W T., Brown

(1965

25). found that although the amblent air tempera1~,

not able to transplre. ThlS fact has 1mmense ramlflcatlonSQ“.<a‘



in summer often rose above 27 C the temperature just below
the surface pf;llchen“and mosses remalned near'o C. jq .3f"?7_f;f7

These data 1nd1cate ﬁhat covers of llchen and mosses

- are’effectlve An: 1nsu1at1ng thelr below-surface areas from e
L O Y
'i'ﬁLeatlng by solar radlatlon., Thds the w*tef/alr 1nterface
‘.°f(;‘w1th1n the organlc mat Ofpa llchen and/or moss cover 1s cold ..;h dwfy
: vapor—pressure gradlents are shallow and m01sture transfer to :

L) -
e

\
)

the surface is llmlted JV;iffgi" TJ_:J¢l J‘.}whﬁ ”.hiv';fa.y

Regardless of tﬁe process 1nvolved the result 1s that
N N ﬂr' . : ’1" .-

evapotransplratlon from subarctlc reglons canﬁot be con31dered
AP y A [
’-J s1mllar to that from areas to the south where the vegetatlon

.\\

f-ls mostly vascular Evapotransplrat1onlest1mates and procea\ é»f.f[
~. \\ .‘ - :’ ’
‘dures used fof~broad areas in. other reglons cannot be accurately ,>“;;V

applled to the subérctlc.v - f’ir[ﬁf L“J ;‘.Tff:“‘ | .
Rouse and Kershaw,(1971,/p.;291),:note that 1t isa well- zf;

;ﬁknown fact that 1n/subarct1c areas ground llchen creates a .
't;reslstance to passage of 3011 water 1nto the atmosphere because
wa;of uts\inablllty to transplre and because of the mulchlng by
;:anon llvrng plant matter of the surface.v They found that llchen—“>
";covered surfaces ylelded con51derably more summer runoff both v
'jﬂsurface and subsurface, than dld burned-over areas, malnly due
‘?;tO the hlgher evaporatlon rate of the 1atter.i In a later -
‘:»istudy 1t was found that Cladonla alpestrls created a %hy51cal

: barrler to water vapor flux across the atmospherlc boundary s

.fsurface (Rouse and Kershaw{ l973 p. 1315)‘
: Llchens dlffer among themselves 1n thelr rate of wa er

floss.: Addlson (1972 p. 290),»expla1ns that structural



morphology 1S*the maln reason for thls\dlfference._ Frutlcose

E

- llchens, because of thelr vertlcal and br:gihlng nature, have

ﬂ.a.greater evaporatlve surface area and “CO quently a hlgher_;'

'_f?evaporatlon rate than do crustose llchens., When the surface
°1s dry,,however, crustose 11chens are able to sustaln a B

Lf‘fhlgher evaporatlon rate than bare 5011 because the 11chen

Tt

“én'»acts as a sponge, draw1ng water from the s01l and evaporatlng

hﬁlt, whlle ln the bare 5011 m01sture must move through in—"

{

'ihjcrea51ngly deeper layers to reach the surface.

lf.kof Cladonla _Egi,lncludlng Cladonla ranglfera, the ”

Y

'ﬁhln the Baker Creek BaSLn, found that dead and 11v1ng thalll R
. Q"
'absorbed water from vapor at bas1calIy the same rate untll

o dlfferences occurred after 10 12 hours.- The 31gn1ficance of f_j'::"'

fy_fwater uptake fgom vapor was thought to lle 1n the fact that

'5cfdur1ng the ﬂight llchens are able to become hydrated and

>

if}fcarry ‘on': photosynthe51s in the early mornlng hours before;i‘ﬂfer‘“

e
,belng drled out agaln. Thus growth and reproductlon of

Cladonla spp ‘is’ baslcally lndependent of 5011 m01stuneand
pre01p1tatlon 1f dew 1s abundantly avallable.

In a comparlson study of water loss from a. moss; chranum R

' fsco arl and a frutlcose llchen, Cladonla subtenuls, Klepper
‘___IL_____ =2

'5(1968 p 19), found that thé moss had a faster rate of loss

jfthan the llchen but that the 1n1t1al value of water content
";;was so. great that even after a perlod of drylng the moss :'

o \ \ '
- was wetter than the llchen.ﬂ Thls dlfference 1s not understood

LR, Lo ..



kabUt poss1ble explanat;ons are that the tufted sgrface of

.the moss 1s structurally a better evaporatlng surface, that

’the two spec1es may dlffer 1n re31stance to water loss‘or o y);'f"

“'ﬂnfln the vapor pressure at dlfferent water contents.-f.f“',~i>*_.<‘

o / U . RN S L

"'Natural and Man—Induced Dlsturbances

.‘“. '

.."- -

Vegetatlon 1n the Baker Creek Ba51n has been subject to

ﬂong hlstory of flres wﬂlch unless threatenlng the Yellow—ﬁv
.Aknlfe town51te, have been/ba51cally allowed to’ burn unchecked

*“';Because of the numerous water bodles and relatlvely bare bed- .:""

ti%frock areas,_these flres usually burn themselves out before
"'“.tdestroylng large ar?as of vegetatlon._ Over the jears, however;
'lymuch of the study aﬁma has.been burned at 1east once.[‘nghtnlng
f;strlkes account for most of the flres but many 1n the southern
?:_portlon of the bas1n were purposely started several decades ;{hfi
:qfago by prospectors to expose underlylng bedrock formatlons.;;a‘
'F_gLandals (1970;1p;‘38) refers to- an organlc mantle, whlch took

:-f“l!thousands of‘years to produce,,that was destroyed by prospectorsA

nwfto save a few hour s work ”'1”.31 '.~_ . ~:m. .
v : :

3 Past burns affect the 5011 m01sture.reglme in several
””ways.,¢8pr1ng runoff 1s greater here because of the destructlon
-'4 of giportlon of the organlc mat,.whlch normally would retaln
| greaker amounts of m01sture (Landals, 1970 p 39) Regenera;';'h
tlon of a vegetatlon cover can be a slow process in’ subarctlc,’..
o areas, -and runoff patterns can be affected for a long perlod :

sagf tfhe.f | ¥ ’ l

Rouse and Kershaw (1971, p. 303),:1n a study of the

' pFFprf-q nf hnrnpd-nvpr 11c-hc=n—dom1nafpd qurfaces in the subarctlc.»v




‘,xf.f

» .‘,, .
- burned‘areas, both surface and sub surface, than from unburned ey

-llchen mats.. They also observed that measured 3011 morsture
under a mature llchen woodland was forty percent greater than
that under older and recently burned rlchen-domlnated sur-b
faces, 1nd1cat1ng less reSLStance to evaporatlon of burned ﬁ“ -f ft
'areas (Rouse and Kershaw, 1971, p 291) ;:th_ : R f_w o gfdi'?ij
.Another 1mpdrtant effect of burnlng 1s that of ralslngu- »

the albedo of a surface.' In P study of albedo patterns over

subarctlc sutfaces, Dav1es (1962, p' 144), found that burned-

over llchen surfaces h d hlgher albedos than those untouched | 'i€~ .

'»__by'fiféi' ThlS lS expl 1ned by the llght color of sprucq trees"_'

:hark and the p edomanance of deadfall, creatlng an

1ve reflectlve st rface. A IOWer albedo means a hlgher: h_
' f‘ net radlatlon reglme and a'greater drylng of the ground surface.
| .anally,_flres tend to destroy the cllmax vegetatlon of p

i-an area, clearlng the way for succe551onal spec1es. In thls R

v way much of the whlte spruce populatlonln the Baker Creek Ba51n.f'

has been destroyed rlTree specres w1th serotlnous ‘cones, : re;+4f;;4¥w4<+

\ those whlch open slowly after hav1ng been subjected to 1ntense ;r‘

heat, have the advantage in recolonlzlng burned areas.dbaudkr 1~"25”' 1
muskeg whlch has been burned w1ll usually return to a black-

spruce cover because of the sema-serotlnous cones of that '

spec1es (North, 1978 p. 64) Jack plne w1ll tend'to recolonlze o 2,
e”' the more xeric upland 51tes for thls reason.. A change in spec1es |

| content of an area can effect the soil m01sture reglme, espec--'

'1a11y the storage values.



Flres are not the only ‘means by whlch portlons of the L o

o Cs

',Baker Creek Ba51n have 1ost a part of thelr vegetatlve cOver. I

4

',Arsenlc pollutlon from the local gold mlne operatlons has

. been in ev1dence 51nce the start of operatlons several decades Y

l-tago. Its effects on surroundlng vegetatlon have yet to be

o \ -
: “studled exﬁen51Vely, but destructlon of some llchen and moss

'> covers and the sparseness of- trees in close prox1m1ty to the'b

' CLIMATIC FACTORS

mlnes can be observed todayﬂ 3fﬁbj v_[ffy: R -

i Clearlng of land for tlmber and fuel near Yellowknlfe’s“"

:“.mln the southern portlon of the Ba51n has also been effectlve ;fﬁf“

_1n remov1ng tree spe01es, espe01ally whlte spruce.

'.l

fthat m01sture w111 %e depleted to make way for a new supply

_ The 51gn1f1cance of 5011 m01sture storage to the water
balance of the Baker Creek Ba51n 11es not only in the amount

of water whlch Wlll be retalned by varlous surfaces at f1e1d

-capa01ty or eveh surface storage, but also 1qihow'qu1ckly

7

'7dur1ng the next perlod Qf,prec1pltatlonvf~$hes—the~elimat1C”“““—“”
t_factors 1mportant to actualﬂand—petentialwevapotranspxrat;on“‘

ﬁ'should be explored The f0110w1ng is. a brlef revrew of the‘"-

flndlngs of some studles on solar radlatlon, temperature,

,a%bedo and " prec1p1tat10n. }“.fi

Solar Ra\dlatlon o | o .. - .‘

,?i Accordlng to Thornthwalte (1948 P 60), 1f there 1s an

L adequate supply of water to the root zone the amount trans-'v"‘
. _ 7

plred by vegetatlon lS more a’ functlon of the amount of solar

.



. f . T ee

‘”.?energy 1ncident to the surface‘and the resultlng temperature.“’

,,,,,

f',- /

“fareas of adequate 5011 m01sture 1s determlned then,_by the_;Vf*f”

: Y R
']:cllmate,‘espec1ally by the radlatlve,energy lnput (Sellers,. R

-*f:l965 p 168) : It 1s 1nf1uenced by the heat avallable for_"

E(evaporatlon and the moVement of/water vapor 1n the lower alr

Hjilayers, whlch 1tse1f 1s a functlon of w1nd veloc1ty and of
. oy

,vdsaturatlon deélc1t Accordlng to experlmental datah temDera_F_ﬂ,

e

'Ature lag? behlnd radlatlon by about a month, glvlng credence

'Ato the assumptlon that 1nc1dent solar radlatlon ls the pr1nc1—‘,”
: S : SN . .

‘tpal cause of evapotransplratlon (Van lek De Vrles and Van

1

}Duln, 1953,,9. 37)

'\\

§, ; Relfsnyder and Lu l (1965, p; 79),vexpand upon thlS
;:fconoept by statlng thaﬂ solar radlatlon 1s the 1mmed1ate

| source of energy for evapotransplratlon when 1ts channels}i;(
°'2of energy; 1nc1dent‘to the leaves of vegetatlon; are; d1v1ded

i'and a portlon is dlrected 1nto latent heat; %olar radlatlon fl

'—f:fls the ultlmate source when energy stored(;n leaves, wood,

Aa? alr and 5011 lS transformed lnto latent heat.' The 1nput of
jenFrgy to vegetatlon comes from dlrect solar radlatlon;\radla-'v“n
“:ftlon reflected and reradlated from the surfaces of adjacent
';_f501l and vegetatlon surfaces, and adVectlve heat frOm sur-'

'*”roundlng areas (Kramer, 1969,.p 300)

fNet'radlatlon is. the dlfference betwebn 1ncom1ng and “:;v]

f out901ng radlatlon andfu_uals the total amount of energy

Tﬁfavallable from the radlatlve processes (Lemon, Glaser and

“"eratFerwhite, 1957 p. 464) Net radlatlon values 1n hlgh

PARRERERYRE )



tﬂlatltudes and subarctlo contlnental cllmate condltlons have

h”-an annuﬁl march comparable to that 1n mlddle latltude con-mf .
. o

'tlnen&al cllmates.f Although these values are sllghtly hlgher "
_1n the hlgh latltudes, the perlod df tlme w1th p051t1ve

L values is) leSs than that to the south (Budyko, 1974 p._ZOU).lW

"_Durlng the dayllght hours when evapotransplratlon occurs[.
‘radlatlon llberat s energy at the surface of the earth and
"@can be d1v1ded 1n 0" three components whlch evaporate Water,"'

‘heat the alr,dand heat the 5011 (Halstead and Covey; 1957

R

p 462)

xﬂ’ .

. L i AR o
: \\“x; Morton (1968, p; l), mentlons a compllcatlon 1n the

_;\n\}ysls of the cause and effect relatlonshlps 1n evaporatron;:_
' The\amount of 1nsolatlon avallable for evaporatlon is deter--
'_fmlned by the water vapor content of the lower atmosphere, whlch‘
'E,ln turn, 1s 1nfluenced by the evaporatlon rate. Consequently

fevaporatlon has an effect on 1ts own cause.dﬂf”

| Aspect ﬂs an 1mportant factor 1n the amount and.lntenslty.
ffof solar radlatlon 1nc1dent upon the earth’s surface.ﬁfinpa'ff
"tgstudy of ountaln watersheds Lee (1963, P 33),notes that

i

’;natural landscapes are act allﬁ composltes of a varlety of
3

"f:flnsolatlon cllmates.v Insolatlon lS not prec1sely vertlcal

L

’fto most surfaces and the incllnatlon of slopes may elther
/———\

':_1ncrease or decrease the solar energy recelved per unlt area .

'~tof surface The two~d1mensronal land area of a watershed ls:%”

»

v?always less than the three dlmen51onal area. of 1ts surfaces.pAﬂ

:lIn northern latltudes south faclng slopes tend to be more

~.,
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"o xerlc than north fac1ng exposuresdbecause of the dlfference

n 1n the amount and 1ntensity of radlatlon 1?p1ng1ng upon

..

Reld (1973 p 319),‘1nd1cates that although the total .ft

¥

'h’gann al difference ln evaporatlve water loss between slopes

'l:of tlmb they become 1mportant 1n changlng the gross hydro—

“_loglcal b lance. 5:

'n“ of dlﬁferent aspects 15 not great,‘over an extended perlod

Temperature :

B
- 1.

| ’It 1s gen rally accepted that potentlal evapotransplratlon;c

¥
:c“fu"l'dlffer acdbrdlng to amount of heat supplled ThlS heat

Tin

S
'.can come from three sources,j solar radlatlon, advectlon and

%

heat stored in the evaporatlng body ‘ Slnce land surfaces,':?
1nclud1ng vegetatlon,tSOLI and rock have low heat storageﬂ’h
capac1t1es compared w1th water bodles, stored energy 1s.a
relatlvely 1n51gn1fcant factor._'. "Irbt; . | |

>t

The amount of energy avallable for evapotJansplratlon

at any surface can be shown by the formula-w

”.r where H 1s\the heat avallable, RI is the lncomlng shortwave

isolar radlatlon,'r AS the albedo or reflectlon coeff1c1ent L

of that surface, and RB Ls long—wave re-radlatlon back 1nto “

Fd

ﬂy\the atmosphere (Pénman, 1963 p; 35) The amount of 1ncom1ng ,

'fsolar radlatron 1s dependent qpon the angle of the sun, the

r;;degree of cloudlness, and the slope and aspect of the parti—_f‘

ot

-4-‘,~, :

f,é cular ground surface.,;l"fs"_ #"vjj-f - ,‘

. L S
PV ' .

A'D'A o



"_- radlatlon and covers of mOSSes and llchens on’ organlc terraln.

e

Temperature ls 1mportant as an 1ndex to PE, accordlng

.- ,\

: to Thornthwalte and Mather (1955-A, p 18), due to the’

'relatlenshlp between the net radlatlon used for heatlng 5
and that usedaln the evaporatlve process when the potentlalhf

' rate can be achleved Thls relatlonshlp varles w1th latl—

tude aﬁd\water, snow and frost dlstrlbutlon patterns._ The‘

rate Of transplratlon 1ncreases w1th 1ncrea51ng temperaturem}

‘:and Kozlo ski, -
‘tend tao: be wzxmer

W1thrp the tolerance rahge of plants (f

1960“ 287) Leaves 1n dlrect sunllgv
than the amblent temperature but can. rapldly cool below 1t
1f a breeze occurs or a cloud obscures the eun..ﬂi-'

In a study of evapotransplratlon from alfalfa, Hobbs

and Krcgman (1966), found a strong temperature evapotransplratlon

"relatlonshlp whlch supported the use of temperature in estlmat—' L

1ng evapotransplratlon for medlum 2? long perlods of measurement

from Ehe Thornthwalte formula.,_'

In subarctlc reglons one of the most 1mportant relatlon- o

Rouse and Kershaw (1971,.p -299), show that evaporatlon over

1ufsh1ps 1n the heat and water balance 1s that between solar‘mﬂ7’

llchen-domlnated surfaces in the subarctlc lS greatest durlng 5

3,
the hlgh sun perlod when the dlrect solar beam 1s able to

penetrate the llchen mat and reach the underlylng 5011 m01sture

reserves.f T‘»y found that‘the 11chen cover at all other tlmes

1nh1b1ts ev

exceeds 70% of the avallable radlatlon heat energy under the ‘



'most favorable condltlons.- Neblker and Orv1g (1958),.5;":“lffh1

,-_found that ‘a. Cladonla spp cover at Knob Lake 1ncurred

@ '.'," ) J‘ :
ter 1osses whlch were only a thlrd of those theoretl—

1cally p0351b1e w1th the net Fadlatlon avallable. n-*"fﬁ,

| Wllllams (1968 p 181), studylng éhe heat balance

' _;over areas of saturated sphagnum moss noted that 1n two -

l';earller studies 1t was found that the net heat galned at.
g:the saturated moss surface was largely lost by evaporatlon ;f.h
”and 1n measurements 1n a; peat bog, actually exceeded the

'11fmeasured net radaatlon by nearly 50%._ Approx1mately 30% ;

ﬂof the heat needed for evaporatlon was galned from the alr‘-;<)'

Vﬁby convectlon.' Thls, however, could not apply to larger'
_areas..‘]h"gv;- : 3

In a’ later publicatlon Wllllams (1970,.p 200), attrl—h
fbut%d the dralnage of cold alr 1nto peat bogs as the maln ;;
-f‘reason for the a;r temperatuke to be lower over the bogs
"Athan at the nearby weather statlon.u The maln factor creatlng
“the colder peat 5011 temperatures compared to the ad]acent d
',mlneral so;l-Was that the heat from radlatlon and convec—:n
Atlon ‘was used to evaporate‘water from the saturated sphagnum |
tkrather than for warmlng‘the 5011 | v._v | - .‘ |
- Bav1na (1967 p._359), found that the temperature re--
Vgime of bogs is assoélated w1th the thermal characterlstlcs
- .of ‘the. upper peat layers.vahe surface heats more durlng thew

:dday and cools more at nlght than mlneral 5011 ' Brown and

'f_Wllllams (1971 p. 5), explaln that the process of heat



-

Lo porous structure o

'h”riv1tal to water balance studles and is a measure of the

&
' very 1mportant factor in determlnlng the amount of heat

,transfer in the uppermost layers of organlc areas 1s com~ -

/ pllcated by the ei;remely varlable water contentAénd the

sphagnum In saturated peat conduc-.}

»_.tlon accounts for the majorlty of heat transfer whlle ln R

tporous sphagnum, heat 1s transferred by conductlon, con-'s

K

ff-vectlon or transfer of water vapor. Net radlatlon through

8

:’moss is greater than through llchen (Brown, 1965 P 29)

Hoffman and Gates (1971 P. 365), dlscuss the thermal

,env1ronment of llchens grow1ng on rock ,)Rock surfaces are

'vhgood daytlme heat 51nks., Because of the conductlvé propertle
3of sollds, a rock surface w1ll be warmed slowly durlng the
v“day and cool slowlyﬁat nlght.. Thls creates a cooler env1ron—

lﬂment for llchens grOW1ng on the surface than would be the e

N

case for llchens elsewhere A large rock 1s much more

,effectlve 1n thls manner than a small one (Landsberg, l938,‘f

‘u

.flﬁ&ﬁ%??ﬁh'¥aihyﬁ.

N

"Albedolh‘hjjf ‘ie';f:n‘.}th'ﬁmi ; :¥ ‘> ;#.>?.“"_i.jpp}?;{

?, Albedo, the measurement of the reflectrv1ty of.a'éivenf'

'7;Surface, is not in itself a cllmatlc element._ However, be—

g

fcause 1t 1s an extremely 1mportant factor 1n the determlna—w

1tlon of net solFr radlatlon 1t 1s con51dered here It 1s _5‘

<fﬂA\

"-reductlon of solar energy avarlable for evapotransplratl n
":(DaV1es, 1962 p.‘l38) 5 | ’ff
As &an be seen ‘in the prev1ousformula,,albedo is a 53"fu
-



: supplled to a . Surfacef7 The two major surf1c1al varlables

‘riare color or tOne and conglguratlon.‘ A surface w1th a’

o

5ldarker color w111 absorbﬁyore and reflect 1egs shortwave

i;fradlatlon than w111 a llQh.;?' d surface.f A rough

lydsurface w1ll absorb more energy due to aspect than w111 a..
7f‘smooth surface.n A quxet water bfsy, fOr example, w1ll tend.‘
”5 to produce specular reflectlof
colored and/or smootherlsurfaces/w111 re—dlrect varylng
v;;amounts of energy away from themselVes and reduce heatlng

from net radlatlon avallable for evapotransplratlon. Because

ey

- of thls, for example, a heavy snow cover can" effectlvely
prolongsltself well 1nto thevlate sprlng.‘:l;ff¢<;~_f'l2;{¢f
_.‘1tihfsubarctlc'reglons such as the study area the latl-‘yfff"d
7.tudeﬁis'such that the sun lS never dlrectly overhead eJenw-?
:on June:21, When 1t is at an’ angle of 51 03‘ above them“q'
,rjhormipn..»Bugyko (1974 p 53), found that when the sun s

4

lgaltltude 1s low, the albedo of most surfaces lncreaees. Thew;~

{f;reason 1s that reflect1v1ty of surfaces anreases thh ‘,“J'

N ‘
-

“1ower sun’ angles., Also, the energy received from the sun
filncreases ln wavelength and decre?ses :in frequency at lower--'
_ P _

»:ﬁsun angles.. Longer wavelengths are prpne to MIE scatterlng

i;and thelr heatlng effLCLency is. reduced \MIE scatterlng

2 .o

::.occurs when the atmosphere contalns 1arger partlcles such
: . . ,>, . Lo
as dust and water vapor whose dlameters are of 51m11ar size»f;’

'l- ! .

to the wavelengths of the 1ncom1ng radlatlon.. These larger;f_f"

o partlcles tend eo be concentrated 1n the lower atmosphere

v
Loms .
. B .

lee a mlrror : Thus llghter-‘f 'fff



.“‘ SR o L "‘ e e
(Barrett and Curtls, l976, p;jZO) - The effects of a low
K3 - v ‘, . : -
‘sun angle then, should not be»overlooked 1ngany study of
o - RN 7\ e : .
evapotransplratlon from subarctlc areas. ;- o 'T’*'v.

' One of the most 1mportant aspects,of the energy bal-

B ance and the water'balance in the subarctlc open boreal o

e a' - l) . :‘

';that the solar radlatlon max1mum'occurs ln the months of ~5f~~

Bt

,Aprll May and June. Durlng much of.thls t1me there 1s a
Q.

_snow cover. on the surface and consequently a hlgh albedo.,.“

Thus much of the solar energy Wthh could be used for meltlng

g

the ‘sSnow and contrlbutlng to plant growth 1s 1nstead reflected'fv;~

’away from the surface, 1eav1ng 1t relatlvely cool (Hare

' and thchle, 1972 p. 352)

Conlfers tend to haVe lower values of albedo than do‘s;f?“L"

,dec1duous spec1es and 1t 1s commonly~thought that thls 1s

.
,,‘ . ot ! R g

. due to the darker green color of the conlferous follage,jj”'

Montelth (1959, p— 390), howeverl belleves that the reason

N hass

\ PR )
may be due to the more eff1c1ent trapplng of radlatlon be—_.‘gﬁ'

"‘.»

*,tween conlferous trees,.on a large scale, and between
Ak o : '
_ needles on 1nd1v1dual trees. SR

As can be seen from Table 3 3, values for the same
] feature Vary accordlng to the dlfferent studles conducted

1. / o S
These varlatlons are valld, ‘as albedo patterns cNange w1th
. dlfferent sun angles. ,All of thé studles noted are for

albedoxalues are averages based on readlngs from a variety

X5
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7/54Decrduous Fgrestsf‘~-:-;‘,9f'l

_hx“deog and muskeg

'?Jj' Open water

- g,Unstable snow cover 1n sprlng

o Shrub sphagnum bog

USRI : o ) : ‘
. . . - . ' .
' s I L . B L

<

"ﬂ,Table'B—é}v Average albedo values

e e . for varlous surfaces

e 5 ~

Evergreen7Forests IR

-Lakes and Rlvers _-5311{ 7f9f_,
:'Fresh Snow zgjvzsi - 80~ 90 -

(Landsberg,'l958

'g"Stable snow cover 1n hlgh latltudes:V

I (over 60 )
',Forest w1th stable snow cover n

f~Unstable snow cover 1n autumn e

o

iForest w1th snow cover in autumn"

(Budyko, 1574

' nghmoor landscapes in summer -

"T;Sedge mlcrolandscapes N

\-Reed grass rush mlcrolandscapes
fi:ytfih'l"nvl jf‘ .(Bav1na, 1967,1p;
| Lichen wobalana

lechen woodland (snow covered)

'f'Bare rock and llCWen T DTN

. J

rwiﬁndréW*.ﬁif o Elf-"fi 14.9

- i -Open woodland | _"affrff 12.2

-

PR .

]3.59) S

(Jackson, 1960, p 199)

o 979'

prﬁl22$r

ra;fe

19 20

g;~22
220
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‘Bog and mﬁSkég P

“Ice.

'~ Snow -

Waterl »_ \r

11.0

S :20.9
- 340 o

Y =

'Q(Dafies,‘lSGB,’p,;143). o
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of latitudes;' Low sun angles 1ncrease reflectance from

\ .
natural surfacesand thus also 1ncrease albedo values.,'BeF

' cause the angle of the sun, and thus the angle of 1nc1dence

of solar radlatlon, var1es not only w1th latltude but also

‘ ‘w1th season and tlme of day, 1t is dlfflcult to’ flnd exactly—

' Precipitation L

correlatlng studles 1n the llterature. It is probably more ;

1mportant to compare relatlve albedo flgures w1th1n a par-f'
tlcular study than to attempt to compare values of EhT samex

feature for varlous studles.if
,.\ . . .

Prec1p1tat10n 1s, of course, a major component of any

water balance study.v It is mentloned here, however, only

because several studles 1nd1cate that there 1s a p0551ble

X

problem assoc1ated w1th/measured values 1n nOrthern reglons

Neff (1977 p 218), found that w1nd was a serlous \_f

‘at meteorologlcal statlons.,.”

problem in the gauglng ofrraln

Raln gauges exposed to w1ndy cdndltlons c‘llected from 5 to
15% less prec1p1tat10n than dld plt gauges”or other ground
controls : A 5 to 15% error 1n gauglng pre01p1tat1Qn ln a.:
hydrologlcal network prov1d1ng quantltatlve lnput to an
lnten51ve hydrologlc lnvestlgatlon may be larger and more.}‘.
damaglng to the study than any other error component. 4 irﬁ..r
Hare and Hay (1971, p 90), 1n a study of annual water =

balance over northern North Amerlca, state that they belleve

prec1p1tat10n to be undermeasured 1n northern countrles,



v.;-‘\ ;gl'y“.’ .: .:hb . - 'h. {p‘yrylod .,
malnly because og thebundermeasurement of snow.¢ They feel

| hat the problem 1s serlous enough to’ cast con51derable .
dOubt on attempts to. budget pre01p1tatlon agalnst P E.-ln:”:.
order to predlct actual evapotransplratlon,_501l m01sture L;“ir
'_ and water surplus.-'vv r":i"x”p‘-: ,‘r'(- ‘ A -

| | The UfS'S R. Interdepartmental cOmmltteeifor the I. H. D
v'(l§67 pp l -2), hav1ng rev1eWed the results of raln and
'snow gauglng from statlons throughout the Sov1et Unlon, and

hav1ng compared them to prec1p1tatlon norms for thdse areas,'

suggested that thé follow;ng correctlon factors be employed

. where locally tested correctlons were not ava11ab1e°

..'For lquld pre01p1tatlon, the average correc- _
- tion necessary to- the rain gauge readlng Varles S
etween 12% and 22% (1t is usually. between 14% = .
. and 16%), for solid precipitation, betweén.20% AR
-and '100% (usually between 40% and 60%); and for. = - ;"«
rannual totals. between 17% and 56% (usually ' .
'between 20% and’ 30%)

Kahela (1969, p 225), studylng a portlon of the Baker Qreek
: B?Sln, belleved these Russ1an Ta H D. recommendailons to be
. of the rlght magnltude and suggested that the 25 year mean

'_snow prec1p1tatlon as’ measured at the Yellowknlfe alrport,r

should be 1ncreased by flfty pefcent, and the rain prec1p1ta—'

e

co tlon by flfteen percent nght (1973 p, 281) expressed

concern that Kakela had over estlmated the prec1p1tatlon{
adjustment HlS research 1n the Baker Creek Ba51n 1nd1cated
that the nature of the evapotransplratlon and runoff data S
/'collected supports a’ prec1p1tatlon correctlon factor of

lesser magnltude. ,‘." ‘fr".k'



Another contrlbutlon by Kakela (1969) was hlS empha51s‘“’7'
jon the relocatlon of snow by drlftlng : In the sprlng when
:snowmelt is 1mportant to the 5011 m01sture reglme, more ex-

hposed surfaces w1lI have been swept clean of snow and

‘sheltered areas wlll have collected thlS excess snow,'some-
ol

'Ti:tlmes amountlng to double the mean w1nter snowfall for the,*

"fgeneral reglon (Kakela, 1969,’p;;é6),. For thls reason,'
:;jthe exposed surfaces w1ll be subject to an early summer |
:.def1c1t whlle accumulatﬁbn areas w1ll be fully recharged

3'.and Stlll prov1de a surplus of melt water for evaporatlon

s'or runoff

Landals (1970), conductlng a pllot study of the 1n- sl

ffluence of env1ronmental factors on the sprlng snowmelt
_reglme, found that P tterns of runoff were dependent upon
the complex 1nteract10ns of a Varlety of phy51cal and cll—j:
o umatlc parameters.f The cllmatlc condltlons durlng the tlme

-Qperlod lmmedlately precedlng actlve layer freezeback 1n
;fthe fall were found to be extremery 1mportant in determlnlng |
';sprlng runoff patterns, but the crltlcal factor was found

uto be the dlfference 1n moxsture storage capa01t1es of

‘dlfferent types of surflc al cover (Landals, 1970 p. 109)

Ferguson, 0! Nelll an Cork (1970, P 1631), belleve
lljthat condensatlon on veg tatlon land ground surfaces has
:‘not been glven endugh Co: 51derat10n.; It may be a 51gn1f1cant

‘nyactor in, the water bud et, espec1ally over snowy surfaces

*s{and for tlme perlods of,less than a. month



‘CREMOTE SENSING OF NATURAL Q(RFACES ’
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Alr photo 1nterpretatlon of vegetatlon types and dLs—vTh

'trrbutlon patterns lS a valuable tool in any study of

'17phy51c§lfgeography. Its value in studles of vegetatlon is -

~]obv1ous, but 51nce vegetatlon is an excellent\indlcator off”'

' other phy51cal phenomena such as 50115, surflclal geology,

lgeomorphology, permafrost dlstrlbutlon and ﬁydrology pat-.--

pretatlon technlques 1s a:deflnlte ésset Enpa w1de range of

~ -

terns, knowledge of these relatlonshlps and?sklll 1n 1nter—_f'

- P\

-studxes For thls reason a. separate blbllography of remote

sen51ng has been 1ncluded in thls study ’-_'

As the dlsc1p11ne of remote sens1ng galns 1ncrea51ng

";“acceptance by sc1entlsts 1n ‘a varlety of flelds,'and as-.

‘A

'gxtechnlques become more sophlstlcated the amount of lrterature

'j*on the subject has enjoyed a 51m11ar 1ncrease.d Some of the-

',-the annual 1nternat10nal symp051a on remote sen51ng of env1r-ﬂ

h“better general texts are llsted 1n the blbllography as well

-ias works on more spec1f1c appllcatlons.y.In addltlon to these,

.

jforums:br remote sen51ng studles”such as the proceedlngs of

, onment sponsored by the‘Env1ronmental Research Instltut of

"Mlchlgan (ERIM), the proceedlngs of the Canadlan Sympos \a

on remo&e sen31ng and the journal Photogrammetrlc Englne rlng

f*,of Photogrammetry.;.

l;rSens1ng Center rn Edmonton prOV1des free of charge unllmlted’_h

faccess to the Remote Senslng On Llne RetrlevakySystem from

i

"'u'

'7and Remote Sen51ng publlshed monthly by the Amerlcan Soc1etyfﬁﬂu

) Flnally,‘lt should be mentloned that the Alberta Remote.ff;
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hOttawal Wlth thlS servrée one can choose from a varlety

: ~

_of key words regardlng hlS 1nterest, ln/some cases.com-'h.
Aﬁ;blnlng two words to more nearly dellmlt hlS subject,‘and
»1n a matter of mlnutes have a prlnt out of the 11terature
T;tltles correlatlng w1th hls lnput.d Those artlcles deSLred
'acan be qulckly ordered and recelved at no cost to the user.;v
'_ Thls and other serurces, 1nc1ud1ng free use of very sophlstl—_
1'cated 1nterpretatlve devrces,.make the Alberta Remote Sen51ngot
’ij;hCenter an 1nvaluab1e asset to studlesor all es; These
a .'aserv1ces prov1ded by the A R S C. are unlque w1th1n Canada,:
e :

‘and p0551bly w1th1n the world The authtr knows of no other'

llnstltutlon of thls type whichoffers comparable serv1ces to ‘;=.,

the publlc regardfhg equlpment use and adv1ce __‘“v

K

Ny
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 RESEARCH METHODOLOGY.

INTRODUCTION

In thls chapter the technlques used for vegetathﬁ

-ssampllng 1n the fleld and for alr photo analys1s in’ the

- laboratory are dlscussed The crlterla for Slte selectlon i

of the nlne smaller areas chGSEn_for detalled 1nvest1ga-”

2

'1’; Ii_f tIOn W1th1n the Baker Creek BaSLn are explalned AnalyseSu-
f‘of aerlal photography of the baSLn at sgteral scales show'
'hona varlety of surflolal patterns.. Methods used to dlscrlmin-"

vate between theSe patterns are presented “Flbb} |

The very ba51s of thlS the51s 1s the mapplng d1v151on

J

: of the Bakér Creek Bas1n 1nto a serles of surf1c1al cover
7~categor1es whlch possess dlstlnctly dlfferent water storage
;Values.; In thls chapter the category lelSlonS are deflned.”
kﬁf.band a551gned storage values. The multlstage sampllng tech—gpi
lkhnlque is employed 1n whlch smaller scale photography lS
'wexamlned for surf1c1al patterns already deflned on largeh._
.Ejijscale photos.. Satelllte 1magery from LANDSAT I and II is
"l'lnterpreted for gross patterns related to those found on
t'conventlonal photography 1n order that the flndlngs of thls”sj

: study may be applled 1n other parts of subarctlc Canada.‘

VAT

L SITE SELECTION CRITERIA
Nlne smaller areas w1th1n the Baker Creek Ba51n were\

oy



N chosen for detalled analy51s. These study 51tes are’ each Lo

BN

'*approx1mately 3900 square meters 1n area.; Inltlally a-
. . v '
,large number of poss1ble study s;tes was selected from the
/

falr photographs before travelllng to the Baker Creek bas1n. i
,Once in the study area the author wasmable to choose from |
il among the orlglnal nhmber those whlch best exhlblted the
s\\\\\bedrock and vegetatLOnal patterns found ln the Ba51n as a
."-whole., Together these smaller study areas are representa- t
tive . of the entlre ba51n,-four are underlaln by granlte and
‘V‘( granodlorlte, one, by rocks of the Yellowknlfe Group and fourt;
's,’ are composed of a mlxture of both types, w1th more than halfga'
slof each area ln the Yellowknlfe Group i One study 51te 1n—‘l5“
.:cludes lacustrlne beach dep051ts. The vegetatlon patternsn
dlsplayed in these nLne areas are representatlve of the entlre
‘fbas1n, 1ndlud1ng ‘both upland rock types and depre551onal |
i;sorganic terraan assoc1at10ns.,
| | The dlfference 1n tone of the two types of bedrockfmake L
'%_"fu dlfferentlatlon between them on the alr photos qulte a 51mp1e
: iprocedure.- Gross vegetatlon patterns, i, e., large stands of

1pcon1fer57 relatlvely bare rocky upland areas, major depres-i

"Slonal organlc terraln containlng sedge meadows and- peat
R o
' ) /

lateaus,'and smaller depre551ons w1th1n ba51cally bare bed—
ﬂ’rock were also ea51ly located on the photographs.' Because 3

.t_of thls, 1n1t1al 1nvestlgat10n of the alr photos 1nsured

.-I

lthat the smaller study 51tes were representatlve of the en—’

~?t1re Baker Creek Bas1n._3'rgd§1«~ h Lff: S,

e
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T Wlthln each study sTte two trfhsect& were dellmlted/
These transects were chosen to pass through areas contalnlng_y
Ta’ varlety of vegetatlon types, espec1ally pOSSlble problem L
ireas.“ To fac1lltate executlon of each transectln the fleldJ:

and to: 1nsure correct orlentatlon, they were . selected to

begln and end at some recognlzable feature on the ground,x

=i uusually a 1ake: 'Thlslwas later found to be a sound procedure

"as the presence of ore bodles throughout the study area caused

1ncorrect readlngs to be made on the compass.

%

VEGETATION SAMPLING f

The method used for sampllng the veéetatlon was the
Curtls Transect wrth several adaptatlons de51gned to 1mprove
1ts use in the study area. It was chosen because it 1s
“relatlvely free of blasfyzlnple to 1mplement and statlst1—4'

cally rellable., The procedure beglns w1th the selectlon of ;

'~f a transect route.' Near Ehe beglnnlng of that llne a tree is B

F' tree in each of two opp051te quadrants is recor :

B selected and 1ts spe01es and helght are noted The tree mustﬁf
be at least 2 4 deters in helght to quallfy W;th that tree:
‘as the center, the area 1s d1v1ded 1nto four equal quadrants.'
The specles of the nearest tree meetlng the helght requlre—ﬁrir
» .
ment 4n each sector is noted along ‘with ltS helght and dls—lx
tance from the center tree._ The lower vegetatlon spec1es

found in a llne runnlng from the center tree to the nearest*f N

process 1s repeated every 90 meters. fr“‘,

The Curtls Transect was developed 1n Wlscon51n to be

Lol



Jhiused in. a forest 51tuat10n The dlstance between sampllng

l51tes is. glven as 40 meters, or 40 stops per mlle (Kuchler,

”1967 p. 177). For thls study 1t was felt that due to the S

openness of the terraln and the relatlve spar31ty of densely—

-

treed areas, 90 meters would be more approprlate.;," -
At each stop or sampllng area along a transect,“several_
:1tems of 1nformat10n are obtalned : The spec1es and helght |
.of flve trees, as well as the dlstance between them are re-',
fcorded.\ Thus the den51ty of tree growth can be lnferred |
':The understory vegetatlon representatlve of that partlcular
urarea ls also 1dent1f1ed E |
In addltlon to the data gathered on vegetatlon seyeral .
. é‘ . S
‘other types of lnformatlon were collected at each p01nt on . |
-the transect. Flrst the m01sture condltlon of the top
;jy.'«;flfteen centlmeters of soil at the center of each stop was
' i' 25 noted A scale of flve values from saturated (l) to dry (5)
o ',was employed _ The 51mpllc1ty of ‘this method was con51dered

B adequate 51nce only an. estlmatlon of relatlve m01sture '

=propert1es, not exact percentages,-was requlred recognlzlng

B tempdral effects or varla”rons/due to prec1p1tat10n.'k.

jl'ach stop a s01l probe was used to test for,

, hfh;he/ resence of, and depth to, permafrost The probe was

'O 9 meters long so any permafrost tables below that depth

’ were not recorded However, famlllarlty w1th the condltlons

.“ under whlch permafrost could be expecte@ to occur enabled

"*ZTestlmatlon, 1n somefcases, of a permafrost table Just beyond



a

i-so11~and

'Q'recorded Anythlng whlch mlght ald 1n 1den€lfy1ng that IR

© 108

y»the probe s llmltS (Brown, 1973,fppf"28?29).

h The depth of 5011 as . determlned by the use’ of a

‘; s01l pnobe at each stop was noted as was the amount of

'h‘deadfall. Con31derab1e amounts of dead trees llVlng Ny

,‘, . [}

ﬁion3the7surface an . have a pronounced effect on the net
“radlatlon of an area.- Deadfall can 1nterce?t solar
”f'radlation before 1t reaches thszground and thus reduce the

'1energy suj?}y avallable for eva otransplratlon from the L
ba _ R

etatlon below.

Coas ™y
Y.

- In. addltlon to cgllectlon of data regardlng the spe01es_~:‘

-
P

”h’gof 1ow strata vegetatlon at each locatlon,\a ]udgment was-'“'
N made as to the den51ty of that vegetatlon. Each sampllng
'_>51te was r%ted as sparse, sparse due to the presence of

' consxderable bedrock average or prollflc.pT

And flnally, an overall 1mpre551on of each area was'v

'”ipreCLSe locatlon on the alr photos and applylng that 1nfor—"'

-ﬁ;fmatlon to other areas withln the study 51te was 1nc1uded

.(,.'

3]'On four of the transects ground photographs were taken of .

'ieach stop to further fac1lltate correlatlon between transect

ﬁatagndnarr photo lnterpretatlon.‘ A sample survey sheet

Ubjusea;iﬁ'the fleld may be found 1n Appendlx B

In the laboratory the stops, nlnety meters apart, were

‘plotted for each transect on the alr photos. Adjustments
-~were made to correct any lnaccurate compass bearlngs from
;one stop to. another. Upon completlon of each transect study,_;

Af“each p01nt on a transect would have beeh descrlbed in a



’vhd_l 12 000, contalned adequate detall for 1nterpretatlon of

B3

,alr photographs. Fam111ar1zatlon w1th tone and texture

K i

Lpatterns andfrelatlve locatlon for each p01nt enabled com-af.‘:

1~'parlson thh other 51mllar areas not sampled’ and correla*;jgkq
: ~.’t:Lons céuld then be made,r; fvhﬁ_it,-?;”' ””ffTﬁIijf:** S ﬂ
. 4’ X "-.- -, '_-: . . ._.. :.. ,.", '_'/' . .. . - . ' T '.' : L
) T et v S o

' AR PHOTO ANALYSIS o ;'_‘.,"”
) N B P b . . . . S
Two scales of a1r photographs were used for 1nterpref_pf

'htatlon of the study area patterns. The larger of the two,,}{*“rf;,j

"ithe nlne smaller study 51tes. The lnterpretatlon was done'"
.on black and whlte panchromatlc photos w1th reference to )

"'black and whlte near= 1nfrared photos at the same scale.n‘Thef

finear—rpfrared photographs‘were found to be better for dlffer—“ )

’;.w-‘

jentlatlon between Sbme of the category types._ It lS not

'"brecommended however, that they be used alone.as a base for l

ﬁ,photo 1nterpretatmon. 7For one thipg the effects of stereo ‘

vxslon areanot as pronouncedlon near—lnfrared 1magery as on..

T'panchromatlc, thus the helghts and. depre551ons aré not as SIS

Ty

‘dea51ly dlscernable..fpf .Uﬁu 7flp,l¢ff':f, ‘T,d.f;'_‘ A
;¥ The second photo scale used was 1:31, 680. This smaller ”rff:}
.scale of black and whlte panchromatlc photographs permlt;ed

a broader overv1ew of the ‘entire: Baker Creek Ba51n. Infor-ff?”d
-vmatlon gathered from these photosarded 1n lnterpréxatlon onnf
the larger/scale.;\.\t" ISR o
Tha'two ma;or bedrock areas, granlte and granodlorltep»ﬁaa{.fi

T ﬁ/’.r,\J'
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A:and rocks of the Yellowknlfe Group are easily dlfferentlatgd‘

on the alr photos ‘ The granltes appear much llghter 1n tone'

fdvthan the Yellowknlfe rocks as can. be seen in Flgure 2 7 ' ,é'f'

0

i}Organlc terraln tends to mask the bedrocklln places but
jlelSlonS of the rock types follow rather brbad patterns

.'and can be 1nferned where covered r L5°y’

The appearance of bodles of water on alr photos prov1de

lseveral dlfferent types of 1nformatlon dependlng upon
lfwhether panchromatlc or near-lnfrared photos are used
:Infrared,radlatlon w1ll not penetrate more than several
dcentlmeters 1nto a water body before 1t lS absorbed ThUS‘

' black and whlte near-lnfrared photos w111 show a’ lake or

'rlver as black unless there 1s ‘a suspended sedlment load
i‘

#wlthln the water whlch w1ll scatter the radlatlon and Pro-'*;

7duce a- llghter tone, or vegetatlon floatlng upon 1t whlﬁg -
(»1;9\,_ .
jw1ll usually produce tonal varlatlons The near 1nfrared

"photos were valuable 1n locatlng and determlnlng the degree

'of cover of floatlng aquatlc vegetatlon on lakes 1n the

bstudy area The presence of vegetatlon cover wlll have a

L e

.)\,.
¢

sllghtly negatlve effect on evaporatlon from a lake by de—l~

crea51ng the water/alr 1nterface area._ Thls effect occurs

AEEAY
.

'both because of decreased open—water area and because float "i5

a4

1ng Vegetatron tends to reduce wave actlon and thus the area

of water surface exposed to the arr Wlth the panchromatlc

Lk

photographs 1t 15 pos51blepto see a certaln depth 1nto the S

water, and these were ‘used to dlfferentlate between shallow
. . . e . :
‘zﬁwx»~»«v5¢w: '



f”'lnstead passes through to the area known as the spongy

R |

SR & 5
'and deep lakes.,p‘iy'

The use ‘of near 1nfrared photography as. a reference5

\

“”proved most benef1c1al 1n the 1nterpretatlon of the. vege—"f

*rbtatlon cover; Two spec1es of trees, jack plne and whlte
‘iblrch _whlle ea51ly separated on the ground are most dlffl-b”n
'cult to dlstlngulsh between on black and whlte panchromatic:.v

*lphotography takenedurlng the summer when the follage of the

.-Ttter is Stlll green.: Slnce they both prefernthe upland |

Qrocky 31tes the problem of photo 1nterpretatlon ‘is pro-7

’:lnounced The nearhlnfrared photography was found to show .
“the two spec1es as qulte dlstlnct from each other 1n appear-

& anCe.;‘ a l " -

The’ key to understandrng the dlfferences in response,"

E

“vbbetween the two types of 1magery lles, 1n part,_ln the nature

.of the 1nternal structure of the leaves. Radlatlon between

“‘, . - ', o~

" the anelengths of. approx1mately 0 .5 and 0 6 mlcrons, or the

N

l-'color green whlch our eyes percelve, 1s preferentlallz/?HLT

"f;sorbed less by plant plgments than are red 'and blue‘w velen:ths.

e o

E Thus we see most healthy leaves and needles as green.~ Although

"'1n most eases needles are a darker shade of - green than leaves,».f?‘

|
: on black and whlte panchromatlc photography where colors

,
“n-“q‘,';""

- Lranslate to d1§§erences in’ grey tone, the dlfference is- not

& P B . B
fawen e

ffgreat enough to separate’the two. y;?;g.';fyjp;;yii}_lmb

Reflected 1nfrared radlatlon, between approx1mately 0 7

‘ -

.’

mesophyll whlch is composed of plllowllke cells w1th the j{“a,.l

r
. i :

P R L




i

’«'alr spaces.between them _ In a healthy leaf these cells .f--p
:are turgld and by means of the Fresnel Effect the 1nfra—};
'h ired radlatlon is. hlghly reflected by the 1ntercellular
ispaces, resultlng 1n a good return, or llght tone, on’ the
'1nfrared photography (Amerlcan Soc1ety of Photogrammetry,

z‘Vol; p 104) It should be noted that the sen31t1v1ty
' :

r'\_of IR fllm only extends to wavelengths of approx1mately

7[\0 9 mlcrons., Conlfer needles possess llttle or no spongy
imesophyll so that only a small amount of 1nfrared radlatlon

3ﬂls reflected ‘creatlng a darker tone on the photos.a

Another major factor contrlbutlng to the darker tones:l.

e

of conlfers on: 1nfrared fllm 1s the arrangement of thelr 1d$

'".needles permlttlng a. greater amount of radlatlon to reach .K‘:

"_'the ground and become absorbed by the 5011 Although

deradlatlon is reflected from both needles and leaves, therk \:!'}
-“:{ﬂare dark or shadowed spaces between. When v1ewrng a tree

'ﬂ'from the ground the radlatlon from the leaf or needle is

/ - b

:';,greater than the darkness of the space between. But from'L

&

a dlstance spch as that represented by~an a1r photo, the "_}TAyf—-gﬁ

..-.y-n

.,comblnatlon of all the spaces between the needles or»leave5727 .

"lffcan cause-an overall darker tone.; S;nce leaves tend to

A

’%bﬁ;overlap, thus reduc1ng the dark spaces between, the radla-,'

fltlon from thelr surface creates g relatlvely llghter tone f"”'.

S Tl . . ol

. ?on the photo than does that from a conlfer where the 1nter—

wi;jneedle dlstance can be qulte large (Howard 1970, p. 57)

P

[N

’ consulted whenever an area of”mlxed jack plne and whrte blrchJ¥”'

8 ’..<»~4_

For these reasons the near 1nfrared photographs were ﬁ;,gj“"”

o -

@



= e ;'“7_;;,‘,";‘_';,. D S
were encountered, and dlfferentlatlon was qulte ea31ly ac-,

E compllshed

Near—lnfrared photography was found to be lnferlor to -

\‘.

k) panchromatlc in several areas. _The latter were much better-”
| ‘in dlstlngulshlng dec1duous trees f om- low lylng herbaceous;f
: vegetatlon The hlgh reflectlon from both areas on the‘1:-.rfﬂ
- frared photos made separatlondlfflcult The llghter—toned
_h granltlc areas tended to blend w1th the dec1duous vegetatlon
on 1nfrared photography, but could be separated on the

1c photos. The reason for thlS 1s that radlatlon

,‘A.

before. y“ K ;f“t_g"fﬁ:r.'-t

Doy
[

Sedge meadows often occur ad]acent to. peat plateaus.si

nﬁ’.‘aég . ) ‘.; L
Sometlmes dlfflculty was encountered 1n trylng to . determlne"‘

the boundarles between the two on near-lnfrared fllm, but on.

. I . <
AN

panchromatlc fllm the dlstlnctlon between types was ea31ly

made.n,}«qafa'i:;f;f,;rf?:.ufrzf:ufugw7§£{~£:5\¢=;¢-f~;£yuf4;ﬂﬁf9"f"~<ff:

vrflﬂoszFICIAL CLASSTFICATION STSTEM

EJ;QFQiF The amOunt of water that Can be held by*the 5011‘1n a' _____

gLven locatlon depends upon seVeraI factors, the type and
:uuycondltlon of the s01l and the spec1es and den51ty of cover-v
~'u‘age of any vegetatlon present belng the two most 1mportant 27:-1‘Tl";n
ziThe colloxdal fractlon of the 5011 composed of clay partlcles,_..
.: jhumus and sesqulox1des, 1s extremely efflclent 1n 1ncrea51ng o

7;the water storage capac1ty The greater surface«area of EQ?

o ks
o a el 7,

- ’, - . . ot - N C TR s ..
R YUy e L 1-_-~_....- A K . . . L e
P S el B - o B - ol e s g te X



r w!v.E ’p:“’pv- }.ift ‘«dil4:vvk
o smaller partlcles plus the‘electro -chemical charge which ".jléffc
'kls characterlstlc of c01101ds prov1des/morebopportunlty |
']Rfor water molecules to attach themselves to- these partlcles
IW1th a stronger bondlng force than 1s true of other 3011
components . Organlc matter is able to hold up £o. nlne
f.tlmes 1ts own weight of water (Daubenmlre, L974 25)
Thus 501ls w1th a large clay content and/or con51derable
;organlc matter w1ll be the most eff1c1ent in water storage.. 2
;81nce the depre551onal s01lsjof the Baker Creek Ba51n are fv
characterlzed by hav1ng both of thesé propertles, m01sture
'storage w1ll be hlgher there thah\oﬁ theuplands.v Water |
*vheld by the collolds w1ll be relatlvely unavallable for
' jevapotransplratlon, however, due to . the extremely powerful
ielectro chemlcal‘bondlng of these partlcles to water.i' |
leen a constant supply of water, dlfferences in vege-

‘tatlon type would have mlnlmal 1nfluence on evapotransplra-k
-.'tlon rates (Thornthwa1te,_l965 P 168) dnder thls-

S:'condltlon varlatlons 1n albedo patterns would prove to be

'Jthe dlfferentlatlng factor. In the Baker Creek Bas1n areas_“

'”;ffiw1th a- consrstently abundant supply of water are unusual orglf':"””h

';f;of very llmlted dxtent, and vegetat10n does play an 1mportant

'.Wrole in. evapotransplratlon patterns.

' Varlatlon 1n the amount and. depth of rootlng of vege-
"tatlon specres are 1mportant plant factors‘contrlbutlng to
'dlfferences in. evapotransplratlon patterns._ Transplratlon

Q‘from the leaves creates a stress or pnbssure 1n the water



‘stream of plants and a demand for‘water‘at the‘root surface;\'

dIf present 1n suff1c1ent amounts, 5011 wate§~W1ll move into .b:

lthe zone of absorptlon around each actlve root system and

'be 1ncorporated 1nto the plant.‘ In the case of a. 1arge

c01101dal component 1n a grven 5011 the pressure gradlent dv.
R

in the plant must be greater than the c01101da1 bondlng 1n

mthe 3011 in order for the 3011 water to be avallable for use;

githt is p0551ble for a plant to w11t and dle from dessrcatlon-”“

L4

| 'whlle 1ts roots are surrounded by 001101dally-bonded water,
;r'The more root surface area ;)glvenlspeC1es of plant posSesses R
hfthe more 1nsurance that: avallable 5011 m01sture can be tappeds
- and the greater ablllty of that plant to sustalnsltself o
"durlng water deflClt 51tuatlons."”a -fj.f: 'M ~v;f;@39hxs‘g.~_\*
Normal rooting. structure of plants.w111 adapt to meet :
hh;the needs of thelr env1ronment A plant SpeCleS w1th a"
-’gityplcally deep vertlcal root system,.for example, may have ngtr
~a”to develop horlzontally in order to: create enough root sur;fi‘”'
_face to surv1ve if 1t encounters a barrler to downward
iigrowth. In the baker Creek Basnn, env1ronmental llmlts to - va7kb'
“krootlng depth of natural vegetatlon 1nclude hlgh permafrostdna
:‘tables and the presence of bedrock close to the surface.‘v

”}j For these reasons both 51te condltlon and vegetat10n~,

&

";.'type were con51dered 1n creétlng the surf1c1al cover cate—_v;"

".gevapotransplratlon w1ll be more correctly determlned from =

o gorles.' It ;s belleVed that 1mportant dlfferences in
. )‘

T




o

) ffestlmated from prev1ous work carrled out 1n the Baker Creek

L P 100 nght, 1973 p.'_ 232)

'h*and the deeper, colder 1akes at the potentlaI;evapotransplra-_

' the 1akes and are dependent upon summer rahns or overflow

L t'7,';','Preclpltatlon or when runoff from snowmelt evaporatesuln

STy W e TE G Dot lm el I

- Ve e w e e
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Table 4 l llStS the category types used for 1nterpre{ﬁﬂf5f;t

2 tatlon of the surflclal cover of the study area a10ng w1th”'

B b

3.-the1r a551gned m01sture storage Values. These values weref,'

:,)y el

::Ba31n and consultatlon w1th Dr A H. Laycock CLandals, l970,:,;;u

«*

The water bodles 1n the study area were lelded

'}accordlng to depth and temperature. The warmer, shallower

) tlon rate onﬁy ' Temperature is the key here, a sllght

' 1ncrease caus1ng a 51gn1f1cant dlfference 1n the amountof

o

A_evaporatlon.‘ Shallow lakes open earller 1n the sprlng,

1

-'afhave llmlted flow w1th1n and are warmed throughout durlng
'*tthe summer.’ Deeper lakes experlence sprlng and fall over-
'“'::turn, malntalnlng a colder temperature throughout thelr A

“"volume.r

Sedge meadows are d1v1ded accordlng to the amount of S{v

'standlng water present durlng the summer Some of these‘,”t

areas are adjacent to lakes whlch keep them saturated most

ﬂof the warm season Others are 1n areas more removed from

lake dralnage _ Some w1ll dry up 1n years of less than normal'”“*
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Tab'l."e 4—-1 :-"‘; '

‘”anfwéﬁéfebéqi;;V,

'c;;;fsedgegmgaagw;;:;”'

" Willow/Alder,
“lgatherleaf::.

. Black Spruce . -

_Open Peat Plateau

~'B1rch/Aspen

'-<Ja¢kipiné_'

SﬁrfiCiaI'vaervcetegeriesi

~peéscription”

Value
ne'Wﬁl‘”g*:iNéilimit
WB2

Deep; cold
Shallow,_warT

-ﬁbt standlng
'.water most- of
“nsummer ; S

LosM2 .

'{iIntermedlatev
4uRelataVely.dry‘¥i;i;””

JDense Stand
'ﬂIntermedlate
'Sparse' L

Cuo.ms2 Y

”.Few 1f any Lrees "GPS°" | :
‘ [Open. rocky—mar-f_ff7j¢nf“7“fw N
“..ginal. Coiee s B/A2
B/E3

»v;VDense Stand

Open, rocky—uplandi fk§.5»

_S*Dense, stand. over’{7;'{' S
- '50% cover - JPlL -

_;7Sparse, rocky 51te‘,f :
- 15= 50% cover | 'ngP2

Sparse, rocky 51te
H2—l4% cover

15
10

',L. Cm.

_ oderate— hlgh T
;;#'depress;ons_ 5 em. -

“*Few>depressions.

Map Symbol Storagefﬂf o
SN6 limit. v

15 cm.<..:. T...',’ ' . _..
.10 em v
eme |
cm:iff:”
10 cm.,;ffﬁf
ey

1.3 em.



Some areasadjacent to lakes in” the study area,ior ¢:thffi;;iﬂ
'{:between two lakes where there 1s.seepage of water, are-
characterlzed by shrubby vegetatlon con51st1ng of specles.»lr;'f
';psuch.as w1llow, alder and leatherleaf In these areas |
‘,tthere may be standlng water over Wthh the branches of the

;}shrubs spread In other places the always abundant water ;,
vflls hldden by grasses and roots of the shrubs..;' ‘

Black spruce 1s tradltlonally an 1nd1cator«of wet

AP S

'*u_,tdepress10nal 51tes.j In the Baker Creek Ba51n 1t can also

ﬂbe found 1n pockets w1thln bedrock where water can collect

:f:and be held for a perlod of. tlme, but thls

L RN

g;;rather than the rule.u For these category d1v1310ns the an )
ﬁ;;ﬁdenslty of black spruce cover determlnes the degree of
s;m01sture storage.:;":“

Peat plateaus w1th1n the study area are relatlvely

ﬁfsmall compared to those found~1n Manltoba and Saskatchewan..“

"They appear to be a stage ln the transformatlon of lakes to_

’ fwoodland. It ig only conjecture at thls tlme, but”‘udglng

ﬁ:by the presence 1n some areas of a shallow drylng up lake

-

‘v‘ frlnged by a sedge meadow whlch ln turn,‘ls surrounded by
hummocky peat areas, there seems to be a. sequence 1n develop-f
'ment from shallow lake to peat plateau.~

:, Peat plateahs can be categorlzed as elther open or_t_r;
‘treed, the latter malnly w1th black spruce.. To av01d qgn— .
‘_fifusmon w1th black spruce areas, only the open peat plateaus“"

dzéwere glveh a separate category, the treed areas formlng part

A\

:rlof the black spruce 51tes dependlng on: density. *:.'Q";l~’”
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The blrch/aspen areas often corresponded w1th the

jack p1ne~areas but the two were given separate categorles.

c..,.q>“5'~w‘

PR

The reason for thls 1s that areas of relatlvely dense
blrch and rarely, aspen were found 1n lower, Well—drarned ‘
parts of the ba51n but'jack plne were not The 1atter has- .
dense and prollflc growth 1n the sandy"beach dep051ts jg@t

out51de of the study area but is’ llmlted malnly tb?.;hf:utd,ﬁ"i'ﬁ

- :'..t ~‘~.“~ -

rocky.uplands~w;th1n 1t. Thus the blrch/aspen covers wereﬁuh,ri.;;;n

lelded accordlng to thelr locatlon, those 1n the lower SLtes

s belng denser and those 1n the hlgher areas were more open .é;jgﬂ

.'lu»»., R T U RN

. _and sparse.f The jack plne areas were a11 found to contaln
: a: moderate to sparse tree growth whlch rarer provrded more

'1? leferences 1n bedrock have been explalned 1n Chapter

ij“ For the purpose of water storage categorles these 1f¥:f

»

areas were . d1V1a!d as.. to surface characterlstlcs.. Rela-‘s

-

@Ltlvely_smooth3$

bare bedrock w1th or w1thout a llchen cover

e S

ol d .

__jand wath fewrcraoks or depressions was glven a lower mols{ tﬂ'IF

‘,,._, e i

‘ij ture storage'ratlng;7 Areas of‘rock w1th a’ moderate to hlgh .””;}yf£
number of pockets for water detentlon‘were glven a hlgher ':T;” 3
storage ratlng.y-b-- | D o ' o
| The only remalnlng areas not truly flttlng 1nto a‘pﬂe—.f-i'n

" v1ous category are those 1n whlch ralsed peat hummocks are’ o
vsurrounded by standlng water The upper peat surface 1s -
relat1Ve1y dry, contrlbutlng 11ttle to~evapotransp1ration»
whlle the water is evaporated at the rate of a shallow wager.b;“__':
body. Although the water is qulte cold due, in- part, tona';wf e



”iéofi“

.Ei%:f hlgh adjacent permafrost table, lt lS usually very shallowgf" L

R £} " -

\\o and solar radlatlon 1s often able to penetrate to the

bottom.- The ten centlmeter storage capaclty aSSLgned to

; wthese areas represents an averaglng of the values assrgnedhy

f:\qu_-to the two components.‘;"iil'ﬂ_"k'»ﬂf.f}~iw'i }
*13\ R The permafrost table was encountered 1n peat plateaus,ff

"f,\ black spruce areas, peat hummock/standlng water 51tes, some; )
/s . A L

e

;L;}}‘\n*sedge meadows and some w1llow, alder and leatherleaf areasnfyh

.'fl_\ Slnce permafrost 1s degraded by mov1ng water 1t w1ll not be .

found under water bodles and may'or may not be present under

: sedge meadows or w1llow, alder and leatherleaf areas adja-

Cent to water bodles. “v, i_:}‘flﬁt‘-.;@w;. ;Af’fn'

R

Examples of each of these category types wrll be found

TR jpln Flgures 4 l to 4 10 A llst of low—strata Vegetatlon

| .as5001ated w1th each surf1c1al category type w1ll be found
:ba?f 1n Appendlx C _';Wf:' '_u " .

utw"

MULTISTAGE SAMPLING TECHNIQUE

r\

Detalled 1nterpretatlon of surf1c1a1 cover categorles

1

was performed on photographs at a scale of l 12 OOO.ﬁ/At ’
thls scale and w1th the ald of fleld checklng, accurate
1nterpretat10n was fa0111tated It lS not always possmble‘
.f to obtaln large scale photography such as’ thlS, however,
h and when lt 1s,'the cost can be hlgh In order to prov1de v;‘
;‘max1mum appllcatlon of the results of Slmllar studles, an

attempt should be made toadetermlne the smallest scale of

e 1magery whlch can be effectlvely used f:,ﬂ'{_t.f,ﬁtf};rjyj
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Figure 4-1:  Water Body - B 1

(co1d and deep)
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' Figure 4-6:
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'-Figﬁre 4-7:
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Multrstage sampllng lS a process by whlchr1nformat10n_3f'“y”v";'

fpgathered from large scale photographs lS applled to photos‘

'*-iof smaller and smaller scales. -Only the broadest of pat--'

‘,f,terns may be seen on very small scale lmages, but in most

»'f”icases the itep by/st;;>procedure must be adhered to 1n e

‘forder.to recognlze these gross patterns. In thls study

- 'y 193

"three scales were used E Very 11ttle'loss of detall-ln pat-

o

,ytern recognltlon occurred when photographs of the study area'ntrﬂ

"?that a SCale of l 3l 680 were used (Flgure 4 ll) In’an area ..

”fsuch as the Baker Creek Bas1n the same patterns of surflclalg
cover are found to occur frequently.l Once one becomes ';”i'“

‘~adept at 1nterpret1ng these features on photos as a scale off*

-:l 12, 000, they are relatlvely 31mple to plck out on the

T1fsma11er scale of 1:31,680.

The smallest scale used is- from the LANDSAT I and II

”“fsatelllte 1mages (Flgure 4 12) At l l 000 000 lt 1s a

vagreat jump from the prev1ous 1 31 680 The ﬁeason these

-

f{f”very small—scale 1mages were used 1s that they pr0v1de ‘an

3hd1nexpen81ve and contlnual coverage of subarctlc Canada._wag.-
;leven the largest of patterns can be recognlzed oh these |
xtﬁsatelllte 1mages, the potentlal appllcatlon of a studY‘such.
-as thls 1s 1ncreased 1mmense1y o |

A satelllte 1mage contalnlng the Baker Creek Ba51n area

f.fhas been taken every elghteen days 51nce LANDSAT I was flrst

-fi-launched in July of 1972 L When LANDSAT II was placed 1n orblt
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v e - - . e By

:on January'zi 1975, the study area could\be~imaged every
AN
"?fnlne days, as}LANDSAT I was st111 operable. Because of

sthe relatlvely hlgh latltude of the study area, 51de lap

'd‘yiof the 1mages 1s large and the ba51n lS actually covered

" more than two times’ every elghteen days_y;‘,‘ N

E The 1nterpretatlon of surf1c1al cover: types on each

\‘

'( scale of photos or 1mages, along w1th maps created from
"these 1nterpretatlons w1ll be" found in- Chapter Flve.dgll,
) .




'Portlon of an air’. photo at a scale

" A and B.in’ relatloh to c1ty of
‘Yellowkhife.

5, 1maged 9/9/57)

- e

of.1:31, 680, show1ng study areas -

(Roll-No.: CR250, Line 2, Frame
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"'FigUre'ééIZ:

'LANDSAT 1mage of the northern “arm .. -
. of Great Slave Lake showing the
. relative pos1tlon of the Baker'*'*

Creek Basin.

* (CCRS E-1780-18171, Orbital Path
‘No. 50, Frame image" No. 1€, '
‘Band No. ,MS5-6,, .imated on

September ll 1974)
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e .?l.fANALYSIs SOIL MOISTURE STORAGE IN THE
S e BAKEK CREEK BASIN =

s
Ty

LI

In thls chapter the water balance of the Bakér Creek

.jBa31n 1s calcplated accordlng to the Thornthwalte water..'

-[eand dlscussed and the}results of prevmous calculatlons

"recorded stream flow data of. Baker Creék PQSSibf'

“{of error 1n the computatlons and measuremgnéF Q&

40

vbalance equatlon. Parameters of the equatlon are deflned

‘for the study area by Kakela (1969), and nght (1973) are o

[ -',-"‘-

,examlned : M01sture stoEageivalues for each of the nlne

- .

5f1nten51vely studled areas w1th1n the ba51n are comp;led and

'ffan average value for the entlre study area 1s computed Thls

l

Y result is compared to results of preV1ous studles,land w1th

,5‘4'

The Thornthwalte procedure f0r‘calculatléglf;”fr balance

' 'was employed in thls study for seqéral reasons._ It was H

U1

:developed and reflned over ‘a. con51derable perlod of tlme

.

?’h;The varlables assoc1ated w1th the Thornthwalte water balance,
dequatlon are latltude,\prec1p1tat10n, temperature and 5011
'”umOLSture storage capac1ty,_all relatlvely easy to determlne

(Thornthwalte and Mather,pl957) Two preV1ous studles 1n x_ﬂh

2

.1._

" * .CHAPTER FIVE o

"Vvalue 1s then used in the water balance equatlon and the*,ixa(“

e
&

sourceS"

,%iiscusséa_*”'
5, ,

’:u51ng data from a great varlety of cllmatlc and 5011 reglmes.__i
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‘ the Baker Creek ba31n (Kakéla, 19695 Wight, 1973), employed '

:[able."u ‘ d[-,:j ”bf ' ]” 'lf':'f[fﬁ: i

]
B .

"a natu&al env1ronment must 1nclude the effects of seasonal

s

wy’

'the Thornthwalte technlque and these data are readlly a ,11—.;

Do

Armstrong and Stldd (1967, p. 263),Qhelie9e'that any_”‘

’successful determlnatlon of actual evapotransplratlon from-féli

- /

'5def1c1ency in s01l m01stur4 storage, and found the Thorn—ﬂ';

"thwalte method to be the only one known to them whlch did L

’HJvalues for selected surfaces w1th1n a portlon of the Baker

'”thls. Although Landals (1970), dev1sed m01sture stOrage

}‘. >-' B
Py

.Creek Ba31n, they have~not been reflned and expanded to be' ;';Em

ﬁappllcable to the ba51n as a whole The present study 1s'"

:ig an attempt to accompllsh thls us1ng new data collected on >.. :

ufsurf1c1al cover types w1th1n the Ba51n. .,“.“};;V: :“.__fdkt'ﬁ
o : ' S N
' . ' I :

THE. THORNTHWAITE WATER BALANCE EQUATION ff ev"~'

The\concept of water balance 1nvolves the quantltatlve

N . @

4budget1ng of’ watgr relatlonshlps in the hydrologlc cycle.,.f_.;-”

o \ [ N b ““‘»v
'HiThe method was developedln the’ early l940's, and flrst f" ?'l‘ﬁ
,: publlshedm: 19(18 (Thornthwalte, 1948)~[‘he major parametefs 0
- are, average monthly alr temperatures, pre01p1tatlon;totals w%““."y

L the formula, cte e Y

and a daylength adjustmeht to correct for ‘season and latl- _1_3 f.

e

-tude.< Wlth thlS 1nformatloﬁ the researcher can caléulate ;9*"

:»the monthly and yearly watex balances of an areauby u51ng

O e
‘ . - K » ' v - +‘. : ~ -;" X
. P =PE -D+:S .= SC"

SO
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: Prec1p1tatlon .E? -
if 'f Pqtentlal Evapotransplratﬂon
, ﬁf.?_é Def1c1t - - !
i d-fS'# Surplus i
.ygf = Storage Change o

In‘effect the equatlon represents a balance between ”j v
Y, :

| jthe 1ncom1ng preclpltatlon of\> glven areé 1n the form cf

vraln,'snow and condensatlon 4& the earth s surface,gand
outg01ng water con51st1ng of surface rﬁnoff groundwater_ff,

f».,»dlscharge, surface evaporatlon and transplratlon from plantsf
. e '

irThe outg01ng portlon of the equatlon 1s further affected by
]faddltlon to, or removal from, the s01l m01sture ln sLorage.,b

A more detalled descrlptlon of each term Ain. the water balance

‘.‘
ERERA

'Wequatlon and p0531b1e sourceF of error in measurement w1ll

’fserve to® %etter explaln 1ts functlon.

-”'PRECIPITATIQN?” L;_g“- R T T 77=f_ m‘;f
o Theoretlcally a prec1p1tatlon gauge records the same

ﬁ{_famount of ra1n and/or snow whlch would reachthe ground 1n(
:‘that pre01se area of measurement had the gauge not been |
Vthere.' In practlce there are a number of problems assoc1ated
f5w1th prec1p1tat10n measuremen% whlch reduce 1ts reluabllrty
’*-hI;;addltlon to the relatlvely mlnor problems of evaporatlon
'“:losses, galn or loss due to splashlng and 1mproper levelllng
i:of the deVlce, the w1nd factor is. the most serlous (Bruce
land;clarh,-l96§,.pr 67)' Wlnd speeds can 1ncrease over th.

'[i.

oy PN
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collectlng orlflce of the prec1p1tatlon gauge and oftenvf,g
- reduce\the amount of rain dropS'or snowflakes enterlng, L pl;
thus mlsrepresentlng the actual amount of prec1p1tat10n.-
The nature of convectlve or’ frontal storms 1s such that
::: w1nds are often assoc1ated w1th thelr occurrence. Steps .
“ can be taken to reduce the p0551ble error of measurement, o~
Tffﬁl'such as keeplng the raln gauge low to thﬁ ground where’f
| w1nds are reduced However, as of yet no devxce or precau;f'
tlon has been developed to entlrely ellmlnate error.'
| .In most water balance calculatlons m01sture whlch has ﬁ; -
L condensed on cool surfaces from saturated or nearly satur- (
ated alr 1s lncluded w1th precxpltatlon or 1t may be omltted
| on the assumptlons that lt 1s elther small and can be lg-f
';.‘nored or largely compensated for l? underestlmates.of eﬂapo; -,
, transplratlon. The amount of!fondensatlon is" determlned
Q‘ not only by the atmospherlc condltlons but also by the.

‘”JS_nature of the surface upon whlch condensatlon takes place.
’ _ L .
Generally speaklng, the cooler the surface the more conden—-;
‘satlon whlch w1ll occur Because of thlS varlablllty,

-measurement or estlmatlon of thls factor for a large area,.f

such as the Baker Creek BaSLn, 1s unrellable.i For a prev1ous-s"'

b -

Lt

d1scuss10n of precxpltatlon patterns see Chapter Three.

N

POTENTIAL EVAPOTRANSPIRATION b _ ';_ _' Vo

Potentlal evapdtransplratlon,'or P E., 1s the amount of

m015ture whlch w111 be transferred to the atmosphere from _-{

o



,the land surface (lnclud;ng water bodles), 1f a constant B

& -
g"supply of water is avail ble. It 1ncludes both evapora-

'vtlon from surfaces and tra splratlon from plants hThe

'_bpamountrof P. E. 1ncreases w th 1ntens1ty of solar radlatlon.
| Thornthwalte (1948), d?v1sed a method of estlmatlng

o P E. .1n whlch lt was expres'ed as a functlon of’ the mean
lfhmonthly air temperature w1th aidaylength adjustment to

v{gcorrect for season and latltu e.~ Hls orlglnal formula o

u._:". | Z'U"'H _-\_ ‘ ‘ | .‘; ,' -;-3‘;'“'~
N,‘ e lth {{'3 e = \@b (1 tAI)a“ BT '._:gﬁgadt

*- _where e =rmonth¥y PE- 1n&cmv,_ o L e
RO _ e 5
'Q‘,=','t-=fmean monthly éempe tureTin_QC ’

dlfference
1n daylength bet een monthS‘- N
. ‘1and‘ , R
.Q": 1 . ‘ L |
(t/S)l 514 é“:-

~where T 'monthly heat 1ndex o Do
t .= mean temperature of thefgiwen-‘
: month 1n °c ST

-

Although w1dely employed for/ Le temperate, contlnental
ffbllmate of North Amerlca, where it was orlglnally dev1sed

.Thornthwalte s P E. formula has drawn§cr1t1c1sm for appll-;
s

'catlon 1n other parts of the world 'spe01a11¥ in. latltudes :

~above 50 N , Chang (l$68 p.,l98), dlscusses several prob-'ﬂl

,'lems assoc1ated w1th assumptlons made by ﬂhornthwalte in.

,hls P E equatlon. . ,-;h-g?"’._'7ivf «x
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Flrst, alr temperature 1s not necessarlly a- good 1nd1—*

'_cator of the amount of energy avallable for evapotransplra—

V_tlon.f In subarctlc reglons such as the study area, much

7.

‘5~nof the solar radlatlon, espec1ally 1n the sprlng and early

fsummer, is used to melt the snow and 1ce and to heat the_

'alr._ Thus whlle the amblent air temperature may be rela- .

e,

tlvely hlgh, 1t w111 not be 1nd1cat1ve of the amount of S
N .

_energy avallable~f0ﬂ P, E. . In lower latltudes there lS a

"IVmuch h;gher correlatmon between radlatlon and a1r temperature.i

~‘Secondly, estlmates of P E based on the Thornthwalte o
fequatlon tend to. 1ag behlnd measured yalues because an: ln— ”h-
"crease 1n solar radlatlon precedes a rlse 1n air- temperature.;r

S N
1'Thls factor would then cause the P.E. to actually be hlgher

e _1n the sprlng months of May and June and lower 1n September

amd possrbly October. The effects would be .a larger def1c1t'
: 1n m01sture storage for the sprlng and a smaller Value 1n;ﬁ_
the fall S _,-gy,?f«-'ﬁpa;f P v“f '¢Jg,;’«vl

A thlrd source of error w'

the Thornthwalte P E.

FAN

equatlon is that dally averages-o_ tempefature are used

hyQulte often in the fall or’ sprlng_ onths the dally tempera-;:ff'

ture Fn the study area w111 rise above free21ng but the

'1Vndally mean w1ll be below.{ Thus evapotransplratlon w1ll be

‘underestlmated It has been proposed that the max1mum'yf-
"'dally temperature 1n'marg1nal months,'l e.,‘%hose 1n whlch

i‘the temperature fluctuates above and below the free21ng p01nt,

. be used in Thornthwalte s P E equatlon rather'than;the_mean;

|
(Mather, 1951)‘ e



]- values are 1n1t1ally obtalned But ‘numero
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Another very 1mportant problem W1th the Thornthwalte'7

i

equatlonﬁfor determlnlng P E. in the northern hemlsphere
. is that the correctlon factor for duratlonxof sunllght by
date ‘and- latltude extends to only 50 N. F?r all areas |

K

above that latltude the 50 N correctlon fa&tor must be
used There is no.gvldence to suggest thaé varlablllty
1n the correctlon factor ceases at prec1sely 50 N latltude.;y:'”'
The result is that P. E ‘values computed frqm Thornthwalte s
fvequatlon in subarctlc areaiﬁ such as the,Bakeerreek Ba31h,-£
are- lnherently error- prone.d. .p . A .fblﬁph
Desplte these problems in appllcatlon of ThornthWaite'st':

U
"VP.E _equatlon,‘lt 1s Stlll more w1de1y used than any alter—"
natlve. Admlttedly, the equatlon is emplrzcal and only raw

S COrrectlons and )

: modlflcatlons to account for the aforement#oned error sources
/ ) P

have been lntroduced by varlous authors and the end product'

“is: at least as good as that obtalned from rnten31ve phys1ca1

measurements us1ng Penman 's and other procédures.
For an emplrlcal procedure such as Thornthwalte s. water
L

‘ balance equatlon to be appllcable over a w1de range of latl—

Cy -

tudes and cllmates ad]ustménts must be made;for such para-

meters as pre01p1tat10n, temperature, evapotransplratlon and\\
N O
areal dlfferences in 5011 m01sture storage ievels (chhe,‘

1977 1 71) ; A major ob]ectlve of the pre‘ent study 1s to
better deflne the vegetatlon related dlstrlvutlon patterns‘\;‘f

N ‘

of varlatlon in storage levels. '.:ratd_bt'f' B \\f"



| When P E is greater than prec1pltatlon after 5011;
"m01sture storage has been utlllzed there is.said to be a
l-m01sture def1c1t.;3The 1mportance of the def1c1t value 1s

R I N

» that when subtracted from P. E the tesultls actual evapo—»

f\\ g

ctransplratlon, or A E Whereas P E. 1s a theoretlcal value,

- A E represents the true s1tuatlon for the area of study
. o h -
jIn order to ensure rellable calculatlons of def1c1t the,

,i1501l m01sture storage value for the area must be determ'

.”.. Surplus refers to the value of pre01p1tat10n mlnus ﬂ E
u.;after storage has been fully recharged It 1nc1udes sunr
_fface runoff 1nterflow and ground water movement varylng

,»largely wrth the nature of the storage medlum In the Baker

,Creek ba51n, where groundwater movement 1s suspected to be 3-

‘57,m1n4ma1 due to the re51stence of the crystalllne Shleld

,bedrock, the calculated surplus for a: glven year has been 'fl~”

‘cpresumed to be roughly equal to the dlscharge of Bakeﬂ Creek

Slnce water bodles comprlse approx1mate1y ten percent
2

'fof the study area thelr spec1al functlon as collectlon areas

A'for the runoff from surroundlng land areas should be mentloned,

s



g

:"Theoretlcally the runoff from a glven dralnage bas1n 1s-"

:the amount of water wthh passes out of that ba51n by -
ifﬁ‘way of the stream or rlver whlch dralns 1t After a
ﬂlperlod of pre01pltatlon, lakes and ponds whlch have.out—‘:k
‘-lets Wull collect surroundlng area runoff 1n add7tlon to f
'n“the prec1p1tatlon whlch falls dlrectly on thelr surfacesfffub
.and the supply that is’ excess to storage capacrty of these

,_\

”dwater bodles, after evaporatlon, w1ll overflow and 301 }f

ithe stream flow. In the Baker Creek Ba51n most of t‘e B

“lakes are- depre551ons in the bedrock and are connected toiﬁ'
other lakes, not by well ?kfi\ed streams but by stretchesf
of muskeg and/or sedge meadows.; Consequently, if a glven:
\ﬁ:lake recelves an excess of runoff 1t w1ll tend to seep.

- rather slowly through/the organlc terraln untll 1t 1ssues 'ﬁ,
::blnto another lake whlch.hmy'or may not expell an equal

.; amount from 1ts lower end Thls process can. take a: con- f
1';:51derable amount of tlme and the result is that a large ”
‘fvtpercentage of the potentlal runoff can be evaporated 1n

| tran51t from elther the muskeg or the lake surfaces. The

Ca

chaba51n dlscharge gauged near the lower end of Baker Creek
1

O
'

”Jafter astorm, therefore, may not reflect the trUe total

. amount of local runoff

V

Another problem a55001ated w1th the rellablllty of
”jstreamflow values is- 1c1ng in w1nter and early sprlng months.
.Ice can block the passage of water at the gauge 51te and

N : N
"vcause lower than average readlngs tolbe made. W1ght (1972,-



'lp( 132), in consultatlon w1th A H. Laycock suggested that-;-

due to gauge blockage by ice condltlons, in exo@ptlonally ;‘/;’
- ;‘h;ﬁttcold w1nters perhaps as much as'!@n percenfg%f“measured

dlscharge in the approprlate months should be added towbrfﬂ'

~ the- yearly total and one to two percent 1n averag ~w1n—:““
C : - TS RN
' ters. It may, however, 'be more a matter of w1'nl ers: yl

S
T e e -

hlgher than averﬂge snowfall than with extremely low teﬂb-r'
\\eratures The heavy snow cover on the lake 1ce may act to f&

\ g
: ‘ squeeze lake water 1nto the outlet channel where lt freezes e

'and contrlbutes to major blockage of the recordlng gauge ,'

(Laycock personal communlcatlon, 1978)

EORET .STORAGE CHANGE ST o '

. . . F/,' . § -
. The storage change factor in the Thornthwalte water

balance equatlon is- the dlfference between the amount of

‘;mOLSture stored in the s011 plus that present on the ground
. N
as snow and ice: at the beglnnlng of J

|

"jand the amount of the same compone‘

nuary ln a glven yearw

1_at the end of December

_of the same year. Thls flgure : Ibe relatlvely free of

”:‘error except that Jit 1s 1nd1re tly re ﬁed to prec1p1tatlon
'and P E., the meahurement of w 1ch ‘as |noted above, 1s prone

pim{‘ -“:;to error. If the storage value He beglnnlng of the-“

| :}year 1$ larger‘than that‘at the end there 1s sald to be al

.loss of storage and the amount 1s subtracted 1n the equatlon.

' Conversely, a net galn of m01sture storage for the year would

'y be 1nd1cated by a hlgher December than January readlng and

_thls dlfference would be added 1n the equatlon.



: 7SOIL MQISTURE STORAGE

e R
Thornthwalte (1948 P 60),'suggested that 1f a varlety

ﬁ

' of plant specres were . supplled wlth a constant source of h-f
;_water at the root zone, the amBunt of 3011 m01sture .used. by
- the’ planté would be more dependent on amount of solar radla-

5ﬁtlon avallable and the amblent alr temperature than on
.ndlvldual dlfferences 1q,the spe01es. In reglons and .

4

"»;seasons where there 1s not -a constant supply of water at
“”;the root zone, i, e., when 5011 m01sture fluctuates between

Vt.fleld oapac1ty and the w1lt1ng p01nt, and perhaps even drles o

J

'beyond the latter, the 1nd1v1dual characterlstlcs of dlffer-

""ent plant spe01es become Rore. 1mportant. "'_', bf | ;“

There is-a dlfference of oplnlon in the llterature

’Uﬁfabout whether plants are able to transplre at a. constant

o‘i~rate between fleld capac1ty and the w1lt1ng polnt Velhmeyer

1h(l927, P 205),_u51ng tank-grown trees, found that per unlt

k%

.jarea of leaf surface there was no dlfference 1n transplra-

. Tl Ll

tron rates above the w11t1ng p01nt. The confllctlng oplnlon
ﬂls that transplratlon slows as the w1ltlng p01nt 1s approached
o (Penman, 1963 b, 47). S SO o
o Ind1v1dua1 spec1es dlffer ln thelr stomatal responser
to 1mpend1ng drought condltlons at the root zone.“ In some'r
' dspe01es~the stomata remaan open untll the w1lt1ng p01nt lS f;
v.reached and thus w1lh transplre at a constant rate untll
£ the water source.ls depleted | Others have adaptatlons whlch

'_b'cause the stomata to begln to close 1f m01sture supply at s

T

v e
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the'root zone.begins diminfv ing, thus conserving water

.
N .

and prolonglng thelr life
i} The amount of m01sture stdred wlthln the 5011 at’

71any given tlme and avallable to plapts depends upon the

'ﬂfttype of 5011 type and extent of plant cover, and tlme

and amount of recﬁ%rge : leen the occurrence of. recharge,."b

Q.

-the most 1mportant factors are the texture of the 5011 and

.depth of root development (Laycock,‘1967 Appendlx B, p l),

AN
3 .

(Table 5 l) In the Baker Creek Ba51n large tracts of

~

1ntrazonal organlc SOlls, characterlzed by a hlgh detentlon

Al

fg_storage but low retentlon stora;e are common.~ Azonal 3011s

_located ln cracks and flssure w1th the bedrock rarely occur--A

e : / .
- as large groups but are scattered throughout the study area. ,

»

fThese azonal 50115 often contaln a’ hlgh clay content of 'aa
k lacustrlne orlgln and theréf6re have a hlgh retentroh storagerﬁf
'bGenerally the water whlch is most readlly avallable to plantsb
- is that 1n retentlon storage.' o |
8011 depth varles con51derably w1th1n the Baker Creek
'fBaSLn.: The)organlc terrarn fourd in: the exten51ve muskeg
jAareas can be qulte deeo and . the rootlng depth of plants
._-w1th1n such areas is llmlted only by the depth to the perma— o
3frost table or. t}a nature of- the partlcular plant spec1es.
| Sedge meadows can attaln even greater depths of rootlng due
vto a lower permafrost table than occurs in muskeg.

In the upldnd rocky azonal 50115 the rootlng depth of

-fplant spe01es 1s llmlted by the normally short dlstance to



B 2.

- ‘Table 5—i:Qv 5WaterAconﬁentt(ém,) pér,0,3{ EY
. , meters: of Soil depth ' '

| Soil Texture. pore Deterntjon  Field = Retention Wilting
. Class - Saturation® StOrage.j‘Capacityvl, Storage'  Point

,4'_?Sand :, I 'f~i2L7.'.lv;io,4{f-i:"' 2.3 BERE o ’i;d';
| sahay“ﬁoam'“'”*,}lzgy; - };8§1;,;_ ﬂ "4§5*_“ {'2.8*'{ ,__1;81
‘Loam'"'f;‘” 7 B iz.i_f' B 5;3 7"-~f §,9T : ;f[ *4;1',‘EJ _2ﬂ3

- Clay. 1307 10 12,70 64tV ela

~
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ﬂbedrOCk : Durlng m%nths exhlbltlng a water deflclt these -

L e s - 1s0

L

-

"-azonal 501ls w1ll be.depleted of sorl m01sture whlle the' °

»

above the w1lt1ng p01nt
Because of these dlfferences 1n sorls and vegetatlon;p"'
w1th1n the study area, it would appear that a more accurate

method of computlng water balance values fbr the Baker Creek

Ba51n would be to. dlfferentlate among surf1¢1al cover types

o pl 209),,assumed a 2 54 cm average m01sture storage for the-

R §

- that a more reallstlc flgure wodid perhaps be §‘4 pm‘, thls-

mean calculated runoff usrng a 2 S ‘Gm, storage value wasf'

Yellowknlfe Rlver Ba31n durlng the ‘same perlod W@ght (1972

as these are related to 5011 m01sture storage utlllzatlon. :

Untll now thls practlce had notheen employed . Kakela (1969,'

28
ba51n for two reasons,; l) it was very close to the mean

P o

sprlng retentlon capaclty for hlS study area, a relatlvely

rocky portlon of the Baker Creek Ba51n, and 2) the EQLmear

!

found to be relatlvely close to the mean dlscharge from the-
266), used the same 2 5 cm storage value b@%ﬁsqggested ;7

flgure belng more compatlble w1th hlS other water balance E

parameters. IR S -

SOIL\MOISTURE STORAGE CATEGORIES

N

. The Baker Creek Basrn 1s d1v1ded 1ntF surf1c1al cover

_categorles as: descrlbed 1n Chdpter Four and the stofage

. values a851gned to each surf1c1al cover type are llsted in

Table 4 l * These storage values were. dec1ded upon 1n con-~f

"sultatlon w1th Dr A ' H. Laycock and are based upon prellmlnary

water contents of 1ntrazonal organlc 30115 w1ll remaln far u-”'f“

(7
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' .‘;.studles by Kakela (1969) Landals (1970) nght (1973)\an

ol
£ T‘.

' -Dr, Laycock and R. Stelner in the perlod 1968 ;974 as- weIIJ

PR

_as studlqs 1n other parts of western Canada L They range

~ from al w of 1.3 cm 1n predomlnantly bedrock areas whlch
s )

<

s

7exh1b1t jew depre551ons and thus allow llttle.lnflltratlon
to unllmlted[ torage 1n lqkes whlch recelye rUnoff

ffOf.Water

Tfrom sur oundlng areas

T e bedrock areas prov1ded a problem of 1nterpreta—«‘
'tion.; Bare bedrock of an areal extent large enough to

- ',\'dlfferen iate on ime alr photos were rare,. More often they

2
~

Aoccurregyln smaller s1tes lntermlxeq W1th jack plne or b1rch/

“;Laspen stands. In total however, they constltute a falrLy

o

o large percentage of the upland areas Because théy cannot;»f%ffﬁ,*h

be. mapped separately they have to be 1ncluded 1n another
1categoty Due to the many small depre351ons and crevassesr‘
;1n the bedrock .some of whlch contaln 5011 and vegetatlon,ffi
fpotentlal runoff from these bare bedrock areas may ea51ly ;

be trapped and stored for a perlod of tlme, thus c0ntr1but1ng

llttle to the runoff factor - The sane 1s true in w1nter for'
3 - vg.~

_snow drlftlng . Th&.result is. that these‘"lslandsizof barej’ fhi_ L

v,bedrock lntermlxed w1th Jack plne or blrch/aspen stands react
':”to perlods of prec1p1tation more llke the stOrage catedory
:w1th1n whlch they are located than 11ke 1arger expanses of
idgbedrock itself For thlS reason 1t 1s belleved that the
_1;;;1nclu51on of bare bedrock areas w1th1n larqér surroundlng
xfstorage categorles 1s.Just1fiable.;:'7fi'w' L '

Maps of surf1c1al coven types and’ m01sture storaqe'



o

i:.categorles for each of EPe nlne smaller study areas W1th1n
s ;
the bas1n can be founa 1ncluded in. Flgures 5 l to 5 18

c o

'(For the locatlon of each study area w;thln the baSLn see o
"Flgure 1»4) These nlne areas were chOsen for 1nten51ve

study because 1t was thought that they were representatlve ’

re

”of the entlre Baker Creek Ba51n.. Study area B, Flgure 5 3,

. 'r

1ncludes the largest percentage of low—lylng organlc terraln
';j'of~the areas chosen and approxamates the surf1c1al cover for
-'samllar portlons of the bas;n, notably the\area just.southjv
hygwest of Duckflsh Lake.; Study areas H and I, Flgures 5= 15 |
bf'sand 5- 17, exhlblt the largest amount of upland rock area.

' The other study areas w1th1n the Baker Creek Ba51n range
. q N

;1between these extremes. The folIOW1ng is a descriptlon of

T Ry

<

. \each 5011 m01sture storage category

L.,
e .

"'v,l BJSm Storage_y

5_ Thls 5011 mOLSture storage categony is represented by
only one surflclal cover type,'relatlvely bare bedrock areas
‘ w1th few depresslons. The nature of the rock and the smooth--

':_ ness of 1tszsurface prov1des prec1p1tat10n w1th llttle

lfiopportunlty to collect ar be retalned Raln fallfhg on

'wﬁfthese areas w1ll be subjec: to rapld runoff and 1n the w1nter"

'hlsnow w111 tend to be swept c'ear by w1nds e that thls stor-: :
. ,age oategory does not contrlbute substantlal amounts of sprlng
W;Hsnowmelt to the ba51n.. Throughout the Baker Creek Ba51n these

* .
. rock areas are: covered to some deqree w1th follose, crustose b‘

0 -

I A

A’fiand frutlcose llchens."
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> 5ifTabléi5—25~kahot01nterpretatlon Legend - . -
e ’ 'Aiffor Study Areas A-T |

Des&rlptlon

.

‘Map Symbol

WBII'7'.5”;.';f N _Deep, Cold Waterbody \ ':,~p;]!'ﬂ
‘*,WBZ E ff-' k‘—‘ -;'Warm, Shallow;Waterbody | _
: M1 S E | ’-"’ H._'Wet Sedge a{iow S G
“SMZv A.!“_ff;f _j»Intermedlate\EEdge/EEadow
.jSMJt:_TApkziave;;J))RelatlvéigaDry-Sedge Meadow‘

le; [ --p 5ﬁ1“ Dense Wlllow/Alder/Leatherleaf

""QLWQ;k _wi-llr'i—%' 'rOpen Wlllow/Alder/Leatherleaf

i BSZ*':k::’* -»‘bf 'tIntermedlate Black Spruce

o BS3 o 4"~1\Sparse Black Spruce'

P ;f"k_‘ ~ .. . Open Peat Plateau

o B/A1‘i>' ;Sﬁw ﬁvakv Dense Blrch/Aspen

5VB/A2. B Open, Rocky Marglnal Blrch/Aspen j‘:
”1,B/A3a“ fr,k "-1 :.'Open, Rocky Upland BlrcF/Aspen R

E JPl'.". s ”tffDense (over 59% cover) Jack Plne

'o[‘~JPZ__f_rr‘_tvif"t‘Vysparse (15 50% cover) Jack Plne

’ “JP3 . o .Lfe,] J.Sparse (2 14% cover) Jack Plne_ -
"Rl ‘_:':j,> }51;~i.Bedrock (large no of depre531ons)
R2 e ’,Bedrock (few depre351ons)

«'E/S(p;»af . e“:j'Peat Hummocks/Standlng Water
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Figure 5-1  Study area A — Surficial Cover
. S © . (R6519° 5 - 176, June, 19F8) N AAI

(_Foi' ‘Legehdj see Tabl_é“sf'Z) - .
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. ( - .. Figure 5-3 Study area B — Surficial Cover ,e
T o (R6519 5 - 181, Jyne, 1968) . -

B '_’(‘Fc')-lr‘ Legend see Ta-b'.lé‘FS'—Zjv ' :
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- Figure 57 “Study area D |- Surficial Cover ~ N
L. (ReS19 6 - 232 . june, l968)
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-5 0 cm. Storage
Thls cagegory 1ncludes surf1c1a1 cover types from ﬁ"'
;'both depre531onal 51tes and rocky uplands._ The bedrock

areas represented in thlS storage category are those Whlch

-] whave a moderate to hlgh number offractures and depressions,ip

't'fby 11chens.a.”

»

. ——

'dand are. thus able to retaln more prec1p1tat10n than thosevv“
',found 1n the 1. 3 cm. storage. In most cases there w111 be

3'Vegetatlon grow1ng in. the Larger depre551ons but the under-5
’lylng bedrock 1s neVer far from the surface and thlS tends'..
ﬁ;to llmlt plant growth to those spec1es whlch elther naturally

‘ have a shallow root system or can adapt to the ex1st1ng

~

;rock areas are also subject to coverage s
Two 51m11ar cggar types placed 1n thlS storage order R

1--1'.

are the most sparse categorles of jack plne and birch/aspen

ﬁvcondltlons.t Thes

’:tAs dlscussed 1n Chapter Three these spec1es are somotlmes -

A

' found w1th1n or on the marglns of depress1ons,_but normally

"r_they occupy the drler upiahds. ‘In a sense these two cover
e . . l‘ o

v'types represent the bedrock compOnent of thls storage cate-i\f7

! gory in¢ whlch the fractures and depreﬁﬁlons contaln éredom—

Sl

"rlnantly the respectlve spec1es.;f-stﬁ‘y ’”,wiyb'?‘ 1
Understory vegetatlon 15 not well developedeES'to :y-,g

'thhe small amount of 5011 awallable for growth . Representa-i;

-:'gtlve spec1es 1nclude the prlckly rose (Ro_a a01cu1arls), bog

'ifjcranberry (Vacclnum v1tus 1dea var. mlnus)

’ bearberry (Arcto-a
'jstaphylos uva—ur51), arctlc bearberry (ArcL staphylos rubra),;-d
7 Rl S

' graises, possxbly moss ( phagn _pp ) and chhen (Cladonla L

*0. .



om .

Afdry sedge meadows., These cover typbs are often found adja—,

j‘O 5" meters above the surface of adjacent sedge meadow areas,f
hithey do,not become saturated w1th standlng water, except ERE
:f;pquLbly durlng sprlng snow melt. Due to thelr surface mor—d

. phology peat plateaus are collectlng hreas for snowlln w1nter
i The 1nsulat1ng propertles of the peat result ln 1ts malntalnlng

'.,a hzgh\permafrost table

'fcloudberry (Rubus ohamaemorus), bog\cranberry (Vacc1num v1tus- o

e

oy

R A
et

A

The depre551onal 51te cover types in thls storage /o

category are the organlc peat plateaus and the relatlvely

'cent to each other 1n the Baker Creek Ba31n. It 1s thought N

L

7that the drylng up sedge meadow 1s a tran51tory stage 1n S

'_the ;ormatlon of a. peat plateau.> A common occurrence in
,ithe study area 1s the presence of a small water body sur-ﬂi
rounded succe551vely by a wet sedge meadow gan 1ntermed1ate N

"__sedge meadow, a relat1Vely dry sedge meadow and a peat

:,

The peat plateaus are characterlstlcally hummocky

:”and relatlvely dry compared to muskeg areas. Summer pre-~':

e c1p1tatlon normally dralns from these ralsed peat hummocks,

"

_the exceptlon belng that whlch 1s absorbed by the peat and ‘h:

11v1ng sphagnum Because ﬂ:hese peat plateaus are typlcally

NE R

i +

SN '/’.
‘. .

'f Low strata vegetatlon foundon the peat plateaus ls’V'F

RO

frepresented by specles such as Labrador tea (Ledum groenlandjcum),‘f.V-

.7peat plateaus are characterlzed by stands of black spruce of

_jvarylng den51t1es, for thls study the peat plateau category

'hldEa var tmlnus), Sphagnum spp. and Cladonla _pp Although many

3



. &'
1ncludes only those whlch are relityvely treeless. Any
_peat plateaus Whlfh possess stands gf black spruce have o

- 'been placed lnto one of the three black spruce categorles,

,;q .

'Vfldependlng on dens1ty

The sedge meadow cover type 1ncluded 1n thls 5011
s 4 ‘
m01sture stprage order 1s the drlest of the three dellneated._

.usually fohnd on the\outer perlphery of the-wetter types,

. t

QIt may reoelve a large 1nput of m01sture durlng sprlng afow= " TE

"_ melt, or after a prolonged perlod of raln, but unless the \hf"
'uhcenter of the depre551onal area occupled by a water body or
a saturated sedge meadow fllls w1th water whlch encroachesvﬁ‘
:[upon thls zone, 1t remalns relatlvely dry w1th only enough
'm01sture to support marglnal growth of sedge., Typlcal vege—"

A

A tatlon spec1es 1nclude sedges (C $rex spp ),'cottongrass

;a ‘(Erlophorum augustlfollum)and other grasses._

ld cm. Storage

Included 1n thls storage order are 1ntermed1ate den51ty '

stands of jacﬁ plne and blrch/aspen as well as the sparsest

\

category of black spruce, the lntermedlate category of sedge
meadow and those areas characterlzed by peat hummoTks sur— ."
_ rounded by standlng water. :"

o The 1ncreased den51ty of jack,plne and blrch/aspen o
B Q : ‘
stands lndlcates a’ better 5011 env1ronment for growth B This

may be due to elther greater areal extent of 5011 or 1ncreased

-

R4

":*5 5011 depth or both.v The re5ult ls more vegetatlon and a-

larger 5011 m01sture retentlon capac1ty Low strata vegetatxon

..,. .
~

W



: vfrutlcosa),
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'.spec1es are basrcally the same as in the correspondlng cate—,

/.’ B
a2

-gorles w1thrn H

c_@_storage order w1th several more .(.'-‘

‘1nclu31ons ¥,commgn juniper (Junlperus communls), creeplng

Junlper (Ju iperus horlzontalls), shrubby c1nquef011 (Potentllla'

fern gooseberry (Rlbes oxyalanth01des), and :

/’

: ?Lapland rho- jon (Rhodendron lapponlcum)

e \
The lesst dense black spruce categqry 1ncorporates -
"51tes in bot_ upland and depressronal areas., Sparse and 1nter-'

medlate stands of black spruce may be found in rock crevasses ?H'

v,and small depressrons w1th1n the bedrock, often m1x1ng w1th

ER

"Fjack plne and blrch/aspen.. In thls srtuatlon the Low strata

o¥ vegetatlon will be the same: as’ descrlbed for those species fal

S S A
b

Nfabove'yi::m-f;l‘l~q"','l. o | __; N _»pv"ylptzf.if,,
' The most favorable habltat for black spruce 1s the wet,.-':
:low—lylng depressrons. As a tree specles 1t has no rlval ln |
; ithese preferred srtes.v Larch can“oétenlbe found 1n srmrlar c'
-’dcondltlons but usually the ac1d1ty of the peat 1s too strong
ptzfor 1ts tolerance level If a stand of black spruce 1ssparse )

Tln these locatlons, the reabbn normally 1nvolves a; water table

whlch ls too close to the surface for even these water—‘”

Ltolerant specres. Lack of oxygen 1n the rdbt zone, rather_b;JEfn i

\,
<

. ' 4 )
‘tthan too much water, 1s the llmltlng factor. A low water

a - . PR

'“"supply can also preclude exten51ve black spruce growth, but

__because of a poor level of competltlon w1th other spec1es 1n

'rf?these dr1er'srtes rather than a poor sorl’env1ronment Peat f‘

"l iy .
. <

'bplateaus are often populated w1th black spruce, dependlng

ﬁon the age of the plateau (Luff 1978)



'1'plateau category

-recelve and Eetaln a nomlnal amount of runoff from hlghe_

and some rushes (Juncus spp ). R 1Vr ) B - f/”_' : hvf

“ o . s . l-, 4 “;/..“_ i . ' R : . . P .
Low strata vegetatlon assoc1ated w1th black spruce
N

'51tes on peat plateZus 1s the same as- descrlbed 1n ‘the peat '

lack spruce found in wetter areas ‘co-~

ex13ts w1th Sphagnum spp and sometlmesvnth Cladonla spp.ﬁ

The 1ntermed1ate sedge meadow Slte 1s normally located .

S,bétween those of elther extreme and represents a tran51 1on.,

However,llt can also be found 1n upland depre551ons whlc

‘yrock hreas.v Vegetatlon assoc1ated w1th ‘this category 1n—'

?‘ycludes that descrlbed for the drler category plus Sphagnum spp

Pl

1

: The cover. type des1gnated as peat&hummocks/standlng .

f~water represents an 1ntermed1ate 51tuatlon between open water

."jand organlc terraln.» In the fleld one can step from hummock

: rushes (Juncus spp

1';hummocks;‘.°

;"of jﬁck plne and blrch/aSpen.“,J,—“fl

to hummock and remaln relat1Vely dry, or from depre551on to

4;depre551on and contlnually be 1n water : The placement of
"_*[thls cover type/in the 10 cm.;storage category 1nd1cates an
'averaglng of the two extremes.‘ The assoc1ated vegetatlon

iglncludes water 1ov1ng spec1es such as cattall (Typha latlfolla),z

Lo
and:séa51de arrowgrass (Trlglochln -
'K. N

.

-marltima). Sphagnum sQ i and grasses populate the peat

il B 1(, L
o . - P, .

-

alder/leatherleaf 1ntermedLate.black’-
X ,\‘ ’-1 [N -

[ T
i



.A:rq

- »collect lar%e amounts of “snow 1n w1nter and release water

"slowly durlng the sprlng snowmelt _ The water table is’ Juse -

17 ? N '-

The wet sedge meadow srte 1s usually found elther on

' to stand 1n for most of the growang season In.years withA

"f_.lower than average prec1p1tatlon, however, these sedge mea- -

dows can dry con51derably In addlt;on to the vegetatlon‘

_tvdescrlbed for the other sedge meadow categorles, the 1n—,;.‘;

'gprov1des a favorable habltat fqr such spec1es as- dwarf blrch k'

ff:(Betula glandulosa), water blrch (Betula occ1dentalls), marsh

\ !

"'c1nquéf01l (Potentllla palustrls) and arum leaved arrowhead

(Saglttarla cuneata)

o The open w1llow/alder/leatherleaf cover type 1s ﬁound

'_1n relatlvely flat depre§51ons where the predomlnant vege—, f.d

tatlon is low and bushy Sedges and rushes may be found o

N ln the understory, as may sphagnum moss._ Because of thelr .

.flowlylng nagxre, and thelr surface morphology, these areas o

W

b'a,below the surface so the vegetatlon behaves as.’ phreatophytes

. \

B -except in .the: dryest of summers. In addltlon to the w1llow'
f(éalix‘spp ), alder (Alnus spp ) and leatherleaf (Chamae~‘

y'daphne calyc1lata) present dwarf blrch (Betula glandulosa),"7

-'fwater blrch (Betula occ1dentalls) and bayberry (_yrlcaygale)-773'

_are typlcal spe01es found 1n these areas.

Intermedlate stands of black spruce are found on peat' '
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K
“ - .

plateaus and on other depreSSLOnal 51tes where the 5011 o

V

'mOLSture content 1s not too pronounced The Vegetatlon ls,~

che same. as 1nd1cated for the sparse black spruce ‘in . The”

'710 cm. storage category

e—v”’\

Dense stands of jack plne ‘and blrch/aspen are not :
f"prevalent in the Baker Creek Ba51n. They achleve thelr S
': greatest extent in the sandy ralsed beach dep051ts near //
"?Yellowknlfe 1n the southern portlon of the baSLn. _The denser
*.the stand the'more 3011 occupance by roots and' to szme extent;;
"the more 5011 m01sture retalned thus account1 for the o
.‘placement of thls category 1n the 15 cm storage order. The-

understory vegetatlon is the same as that descrlbed for le ser

e -fl»stands of the same spe01es. _ T

25 cm. Storage

i\‘_u. : f yt]_' Included 1n thls category are cover types from depres—1‘~
| b_r51onal 51tes onlxﬁ, dense closed stands of w1llow/a1der/
'leatherleaf cover: type are found on the margln of water bodles
fand stream courses, anﬁ in most cases the bases of the plants /
.are covered by water 1n years of average to hlgh prec1p1ta—‘ifr'
- '3f.” Xi_tlon. Evapotransplratlon 1s hlgh from these 51tes and the yﬂ

‘}fk'_representatlve spec1es tend’to be much larger than in. the '
" . -apen category descrlbed ln “the 15 cm. storage order..yg

\ 5; 'i‘ The dense black spruce stands ‘are most always found on ‘
ﬁ,peat plateaus.{ Because of the hlgh permafrost table and the

fepresence of saturated clay beneath the organlc mat, the roots

e e . '

of the black spruce tend to spread outward intertWLnlng.-f* °(
[ o e T O ' s ‘ ‘. DRI



/
f

- .and thus a greater evaporatlon. ;.;h”“,555'; S = j‘

Vo ‘\--,., R . ot

w1th each other, and thus form an eff1c1ent trap for llquld

'.\~v
pre01p1tat10n._ Vegetatlon spec1es aSSOClated w1th these

areas are malnly mosses and llchens.-

- VoL
.6
-

Lake Storage‘--P E. and'P-E"+:%D'

T . , ,

Both lake categorles collect 1nc1dent prec1p1tat10n ,,‘h,-,‘““

and runoff from surroundlng upland areas.‘ In addltlon they ",;,gf_

can act‘astemporary storage areas for water movxng from the

\ . L ae

upper basxn to éhe lower by means of an 1nterconnect1ng ST
muskeg and lake system . The reason for dlfferentlatlngf

between cold deep lakes (P E.) and warm, shal}ow lakes_“ ;?;plflf;\

Ly
e Warm, shallo

»\" : 4 Lt

(P E. + %D), invol Cf; the evaporatlon reglme of each

\
l .
Sl
{

akes w1ll experlence a greater annua

evapbratlon than w1ll the deep, colder lahgs“

atlon that w1ll occur, aL 't" ‘,'yl'?ﬁ: _ 1’equal Solar

radiatlon 1s able to penl‘ D ol _ uof many of the ’
N ) p R P

v

~smaller lakes 1n the stud”. "né{thes ralse the average "7QI~0

- R

témperabdie of the entlre water body more than 1n the deep | '”;w

lakes. Wlth the average temperature hlgher, the surface"

layer can be heated even more, 1ncrea31ng the evaporatlon. Yo e

Also, shallow lakes w1ll become 1ce free earller 1n the
sprlng, reduCLng the amount of m01sture 1nput by condensatlon -

' of water vapor on the 1ce._‘Thls w111 permlt earller\and

Lo 4 ¢ 4. g !
greater heatlng durlng the per!od of maxlmum solar radlationp
3 g3

4 A

-

R

| For thlS reason the deep, cold water bodles Were ;5“ .
.o . K - ) ‘5" s , . '._"v:; ?}

. . ',c . ] ) ; :
. o . - B . B . . . N
A - . Tt - L : . . '
. N . N : L M K N



el S L P B,

S N o
-~

lgned a momsturé/storage value equal to tﬁe~potentral
‘evapotransplratlon of the/S cm._storage class (average for
the Baker Creek Basxn),.and-the shallow, warm lakes were

glven a’ Value equal to the P. E..plus half of the def1c1t, ; P
ll ~ . ¢ ‘ ' Ca - T - n
als from the‘5 cm storage category."v,fiﬁf_f“iﬂ-” 2 f_”"u'-°§€ﬁh

p
‘Y

“f?l dfﬁ&f The shallow water bodies are ea51ly dlscerned ‘in, the

-~ 0. .
B .

fleld and from aerlal photos by the presence of exten31ve

\ N

surf1c1al plant growth and subsurface populatlons(of zoo-iﬂx

L

_ plankton and phytoplankta‘ g1v1ng a cloudy appearance tof

the w er.~'

N
-

Thls cla551f1catlon 1s prellmlnary and 1n need of a_fd'

o -\

_f@ “Lf' number of years of 1nten51ve testlng beyond the scope and.s-
BN ST , o

’f;\»' resources of the presentstudy As a flrst approach to, and

LT ba51s for, mapplng, however,'lt does provxde a framework

\

for testlng ant1c1pated yleld patterns agalnst streamflow |

o and 1t lS a- coétrlbutlon to a better understandlng of ”f'(ffm-ff
'f’ reglonal water balance patterns and relatlonshlpsvjl

CALCULATED RUNOFF FROM THE STUDY AREA ‘ ‘f \ e SN

leen that the nlne areas selqpted for 1ntensive stﬁdy
. ' g
[ are” representatlve;of the entlre Baker Creek Basrn, 1t was
',a relatlvely 51mple procedure to calculate the percentage 7&

_ of each storage category for all nlne study smtes_and flnd

'.;;:- the average. 'Thﬁi‘average as then applled to the basrn as

;' a whéle and the n er of}hectares of each storage category

o w1th1n the basmn determlned v
The water balance accordlng to the Thornthwalte equatlon |

j was calculated for each of the four yeafs of the '

. . «



’

"h surplus in hectare{meters w111 be knOWn The.total m01stu-e

e . . ) . »

water budget computatlons can be found 1n Tables 5 3 to 5 “6 .

'-;f! The fo110w1ng method was employed to complete these calcu—v-

i

lations. Temperature and pre01p1tatlon data wefe gathered .

PR S

from the MOnthly Record The potentlal evapotransplraglon

flgures for each month were caﬁculated from Thornthwalte
latltude conver51on tables for solar radlatlom. The storage 'P

change for each month was cdmputed by determlnlng the dlff—‘

erence between potentlal evapotransplratlon and prec1pltatlon.

“

, Each storage category, except for lakes, was analyzed as to Mif

surplus or def1c1t for each month by determlnlng the dlfference
between amount of m01sture storé@e needed to flll each cate-a.'
gory andgthe amount of storage chahge for that mdnth Any

N S
prec1p1tatlon in or on the grdundfat the end of the prev1ous T\

;“ff cyear was carrled overas surplus to- the approprlate categorles._ﬂ”

Totals of surplus and def1c1t for,the year in each category -
were calculated The two/lake categorles were treated accord—

1ng)to the proper formula,'uSLng the data from the 5 0 storage

e

category (average for the ba51n)
Frdm\these balance sheets a 51ngle equatlon for each

year can be determlned (Table 5 7) Thls 1s a composlte for R

e

the bas1n based upon Tables 5 3 to 5 6 tlmes the respectlve-'

~

-

: areas 1nvolved ;_;lyvli ,‘.,kf f':~_ ff‘_ﬁ "1 _"'fgi ey

If for each year the amount of m01sture surplus, lnvi
centlmeters, 1n each storage category is multlplled by the Y A
number of hectares in. the ba31n covered by that storage v"J{_;':

1.\

' category, and the resultlng flgure is div1ded by 100 the B

. -



“ilflo cm., 15 cm and 25 cm. and subtractlng that 1n the

:”u7surplus for the ba51n can then be found bY addlng the num"-ilS

'fiber of hectare/meters 1n storage cathorIEE—l 3 cm., 5 cm.

s

:.laki’areas., The subtractlon 1s necessary because these
-water bodles act ‘as a runoff collectlng area from the sur-
;roundlng terraln and 1n fact, subtract part of that runoff

'fvfrom the dlscharge of Baker Creek.: In those years 1n whlch
: ®*

,prec1p1tatlon exceeds P. E and/or P E. + %D the 1akes ' f‘v;.

s

‘1nvolved w1ll have surpluses whlch may be added to ba51n

- totals.. It should be stressed however, that such surpluses
: i

are rare and occurred only 1n 1974 =75 durlng the studyper10d.b7”1'

s e

.?Some of the lakes may hav%,surpluses because of snow drlftlng e

. "/
fln some years but thls subject was coveredlby Kakela (1969)
Q -
The total surplus for each year can then be compared
Q;iwlth the recorded dlScharge of Baker Creek for that year.~=>5 ‘

,The two flgures should be approx1mately equal In practlce,;.“>

r.fhowever, they w1ll rarely be equal due to the many p0851ble

"isources of error in both the measurement of stream dlscharge;:f-*;"'

‘Aand in calculatlon of the yearly surplus._ These sources of

j{error w1ll be dlscussed later.y e
. . SN o ‘ e

»'COMPARISON OF RESULTS WITH PREVIOUS BASIN RESEARCH

4

As noted above, both Kakela (1969) and nght (19?3)

‘assumed a 2 54 cm.‘st?rage category 1n computlng the water .
f' balance in the‘Baker Creek Ba51n. The values of the surplus ;5
“fcomponent in their water balance equatlons can be compared |

- to measured dlscharges from Baker Creek for the partlcular

a years of thelr respectlve studles .as a rough checK,on the
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- Year

1974
1975 L

‘Table 5f1’

. €

(cm- )

Prec1p1tatlon»‘

1973 1976

32.9

26.0"

1e7

Soe

Water Balance Calculatlons
for the Baker: Creek Ba81n
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Table 5-8: Companlson of Calculated Yearly
' S l ~Surplus with Measured Runoff
frpm the Baker Creek Ba51n

‘ . S L "f.;v, - ' f_;. “”'u' hedtares/meters
v#,lé]l;}% . -‘nght s‘%quatlon ' -fr.vf'vc - .1048.18

'ﬁPresent Calculatlo@ ’vi';”,' G '_'”d315;09

cov Recorded StreamflOW“Of‘
~ ¢ .- Baker Creek | :

f_ﬁlgi,jok
”7r1972.d-:c15‘fwlght s. Equatlon B ;;l" ;'QQT"1425124'
EECTIRR "fh.'Present Calculatlonu REEREEEE R S 529;85r
o Recorded Streamflow.of - ”r}”‘r S
o Baker Creek' Lo o= . 283,22
1973 —ffaf”'Present CaIculationf,ﬁ{_ffr‘f, - - .593.50 .

o ;Recorded Streamflow‘of 5:d;.:5 r-jm-f‘_ SR
e Baker Creek S = 00374014,
f:1974j,;"'.e_PresentﬂCalculatioh- S -ii_w74 d;:;453;835'd
‘ - RecordedkstreamfIOQdof T o

. Baker Creek -~ =~ . o= 997.81
1975 - Present Calculation . - = 913175 -
_ ’a'r"-.",'Recorded Streamflow‘of‘,fd;- S PR "k_
T S S IR Baker. Creek @ - . =7 1083.14
"{1976‘?4'7i. Prééent-CalcuIarioh’V , 'v‘_>2 s u'ﬁ';A44,62:4T”
. Recorded Streamflow.of" - S :';,[» -
Lol Baker Creek f"”.,di! T .= .7.570.57
*fGlYearsﬁotél (1971 1976) -
S Clebwy.Recorded Streamflow3of<f
e - 'Baker Creek ‘ R

A

. 3490.18 -
- +3250.64

e L Present Calculatlonf,f

L D,lfﬁeren_ce- - 239,54



| "189'_".'.' o
accuracy of elther thelr calculatlons or thelr chorce_

f average moxsture storages for the ba51n.: Table 5 -7
:1ncludes both the four years of the present study and thev-wv::f
two prev1ous years of nght s study ThlS table demon— o
strates the only practlcal check on- the value of thlS thesrs.
:as a more accurate method of calculatlng water surplus in ijh
'the Thornthw 1te wa;er balance equatlon. : 7

For the two survey years of nght s (1973)’study, 1971
and 1972, the present author determlned the water balance of

'Baker Creek Ba51n accordlng to the varrablllty of storage

_categorles w1th1n the basrn _or thlS the31s. In comparl-'

:;son w1th’W1ght Ss. values the .calculatlons are shown to
'pbe con51derably CIOSer to the measured stream dlscharge of
;Baker Creek for those partlcular years.ﬁ Of the four years'ff
?:used in the present study, the l975 and l976 flgures of cal—
culated surplus are remarkablyclose to the Baker Creek dlS-

3 c?arges for these years, whlle the 1973 and l974 computed
;surplus values are. notlceably dlfferent The dlfferenceS-ab
'fln correlatlon can have geveral explanatlons. The fact that R
;;of the srx years for Wthh water balances were calculated,

half of the surpluses were abov the measured dlscharge for

ngaker Creek and half were be‘ SW. makes dlfflcult the 1solatlon

'of an error common to a.g , In fact, the probable explanatlon
'.1s that a- comblnatlon of errors contrlbuted to th? dlfferences.‘t'
When the srx-year total of calculated surpluses is

Lo compared w1th the 51x-year total of measured dlscharges from ,yfl



. 1900

' : g - “! . R .

Baker Creek however, the two flgures are remarkably close.’ '
SN

(Flg 557)?1 The difference represents only a six percent

error., It 1s belleved that a longer study perloé' perhaps

ten to twenty years, would prov1de an even closer correlatlon. .

POS$IBLE SOURCES OF ERROR

As.mentloned preVlously,;the measurement of stream
‘dlscharge from Baker Creek has been suspect lnﬁsome years‘
ldue to 101ng condltlons.ln the w1nter and sprlng : pg;tlon

. of the dlscharge may never.have been reglstered onlthe gauge
because 1t was dlverted around an 1ce blockage., If thls :"'
represented a 51zeable amount of flow the lack of a close
relatlonshlp between mfasured dlscharge and calculated surer =
plus 1n some years mlght notreflect errorlln computatlon

:)

i of the latterf

xhe pre01p1tatlon data collected at the Yellowknlfe

Alrport may contaln an element of error due to the mechanlcs

“

| of catchlng the raln or snow.u Also,‘a more reallstlc value
for the Baker Creek ba51n mlght have been obtalned 1f pre-_fg

' c1p1tat10n and temperature data from Yellowknlfe Hydro, =

located northeast of the study area, had been aVeraged w1th

: the Yellowknlfe Alrport materlal Thls was not done due to

the rather sketchy 1nformatlon avallable from thls statlon zﬂg;?"

for some years.

: Another source of error mlght be that the nlne smaller.
. areas w1th1n the ba51n were: not as representatlve of the‘
entlre stﬁdy area as. 1t was thought Thls 1s a dlfflcult

relatlonshlp td"ﬁstabllsh w1thout 1ntens1ve 1nterpretat10n



'_,t of patterns for the' whole of the ba51n f There are Very

: 1n another. Interpretatlon and lelSlon of surflcxal cover

"few clear cut d1v151ons betWeen surfrclal cover types on

) the land surface.» One type grades 1nto the next and vege-

.

f*tatlon assocrated w1th one type can - often be found grow1ng

/ . \

'/

"

7categor1es \and subsequently m01sture storage groups,bln""

'fthls portlon of the Shleld 1s at best frustratlng and often

I

T requlres compromlses to be made. It 1s belleved however,

L

’g.that the nlne areas chosen as belng‘representatlve were very

' “close to belng so.u“ wi’: ;'ﬂ3;gaf.

@he problem w1th the l 3 cm storage category has beenj

:mentloned above"fIt 1s probable that thlS partlcular cate-

“gory is more w1despread w1th1n the study area than was found

d

: in thls study (Laycock, personal communlcatlon) : The fact

'7that the smooth bare rock areas whlch represent that storage'_

P A ’,‘

category rarely occur 1n areas blg enough to map separately

' _on the air photos,.results 1n thelr belng 1ncluded w1th1n

‘-A;'other surroundlng categorles as 1nd1cated earller 1n thls

o latltude.. As presented 1n Chapter Three, there is- ev1dence gt

”.gdnonvascular plants assoc1ated w1th large areas of organlc

’fhchapter. ThlS would affect the total calculated surplus

" P.E. ;and water balance themselves.- They were not des1gned

t:"for use 1n the subarctlc areas of the world above 50 N '-{Z‘

. to suggest that the 50 N correctlon factor for daynght and';~

Tpterraln w1th1n the subarctlc may alter the P E calculatl n.

The error mlght lle ln the Thornthwalte equatlons for

: _season 1s not adequate for northern areas.\ The presence of/

o

N -
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. propertﬂES wplch tend to keep the subsurface cool On rock e j;“

la
.

B S . | .
: . . P -
e : :

Evaporatlon from these areas ls 1ow due to the non @ranspirlng

SPRVEY ST !

nature of 11chens and mosses and thelr excellent 1nsulat10n,ﬁ"

oL

. Faid RCREIEE

. computed surplus thA

areas these plants can effectlvely trap potentlal runoff and

the response w1th each shower 1s strlklng.f‘fq e

. ]
-y

Desplte these many p0531b1e error sources, the results,”;”3“

.

gof the present study lndlcate that lelSlon of the Baker

-

‘0 water storage categorlesand calculatlon of

CreekuBa31n 1'

much closer correlatlo' between measured yearly runoff and

'n can be obtalned u51ng 31ngle storage

o values. \Although there is room for 1mprovement in\the tech~j‘:‘='7

'-nlque and\parameter measurements, the process 1s belleved to l"'

;‘have been successful, and we now have a better ba51s for

undertaklng addltlonal studles and maklng addltlonal reflné-’

. ments in our procedures.:“



CHAPTER SIX

SUMMARY CONCLUSIONS AND SUGGESTIONS ,1k
. ' FOR FURTHER RESEARCH B '

A 3

o

e SUMMARY |

.'W

The Baker Creek ba51n, a small subarctlc watershed on

Vtgthe Canadlan Shleld just north of Yellowknlfe, N. WxT., was'f'"”

~;

e

chhosexfor a study of 5011 m01sture storage - vegetatlve

acover relatlonshlps 1n an- attempt to more closely deflne the g'

fdfsurplus component and other waterhalance parameters of the

O;Thornthwalte water balance equatlon.~ Fleld work, con51st1ng

DI

'ﬁ"of the 1mplementat10n of a serles of transects w1th1n the

PR L . : J

V_LbaSLn, was carrled ‘out durlng the summer of 1973 ' Data were

\

V;:collected on the vegetatlon, 3011 depth to the permafrost

*fatable, geomorphology and surf1c1a1 geology..,
i Nlne smaller areas of approx1mately 3900 square metersA

it S

Apreach.were chosen as belng representatlve of the ba51n. They

"'

":flncluded areas of dlfferent bedrock types and varying per—/c
.:centages of muskeg,_lakes and predomlnantly bare rock sur- 1f"'“
“*?afacesi These nlne areas were dellneated on alr photographs R

ﬁﬂat a scale bf l 12 000.: From observatlon and.mapplng ln the

'ﬂ¢f1eld, patterns of vegetatlon and 5011 and Slte relatlonshlps f;ﬁ“

)'?Vwere establlshed and these were 1nterpreted on the alr photos

',“as surface cover categories.’ Each of these cover types was ,f

o ,q.

.‘..‘: LT

S

S 0
r
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, 1,94’:"’

'ass1gned a 5011 m01sture storage value and the nlne 1nten— ‘
.s1ve&study areas were mapped accordlng to m01sture storage h

. categorles [ .:; AR fd- 3"'73 . E f h_m;jfv :

An attempt was made to 1dent1fy the cover types on ?}

'succe551vely smaller scsle 1mages._ Air photos of the Baker

nyreek Ba51n at a scale of l 31, 680 were fouhd to prov1de"‘

"‘adequate detall for 1nterpretat10n of thevbroader'patterns,

{,ilmage p%OVed to be of very llmlted use for thls type of

'sttudy.Af

K

<

although dlfferentlatlon of- some vegetatlon spec1es was

7.d1fflcult.‘ For a surf1c1al cover 1nterpretat10n onaalr , .

'photos at’thlS/scale some of the categorles u ed on the

- .
o~

112, Oog/scale photos would have to be comblned The LANDSAT

&

/if 1: 1 000 000 was Ebo small for cover‘ 7i‘\

:?‘dlfferentlatlon to‘be made.. Even when expanded to a Sfale

?°more mlght be accompllshed w1th LANDSAT data, but only after -:f”

~5nba1ances for the ba51n, accordlng to the Thornthwalte method,if;f“'

‘fw1th densmty sllc1ng and other 1nterpretat1ve technlques

'fof l 250, 000 1t appears to be of marglnal value.v However,

ﬁkey work has been done 1n a number of representatlve areas.

L. h

. Percentages of each storage type 1n all nlne of bhe

.nstudy\areas were calculated and averaged and these means :g“:_l

R

_}were applled to’ the Baker Creek Ba51n as a whole.: The water o

‘were calculated for the years 1973 1976 These data 1n

':conjunctlon w1th the computed ba51n storage values were then

\

R used to calculate the water balance equatlons for the respec—'

’tlve years. The surplus components 1n the equatlons were

v

'i%\_
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1975 and’ l976 proved
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compared to measured runoff of Baker Creek as a rough check

on the v1ab111ty of u51ng representatlve 5011 morsture stor-‘_

age categorles tolcompute surplus The results were mlxed

For the flrst two ‘years ‘in the. study the dgarelation was.not‘vl

great. Thls could be due to one or more of a: number of pos~

\ ‘‘‘‘‘

- sible sources of error, “some of. whlch were not assoc1ated

‘ ‘ . .
©

w1th the work of the\present study ‘ The last two years,."
d

to be perlods when computed surplus 3

o and measured streamflow were very 51m11ar in value.,_The‘

"'ﬂreasons for these dlfferences 1n resukts are not fully under—5

Yo

stood

Water balances for thetwo prev1ous years, 1971 and

l972,'were calculated u51ng the baSLn averages 1mplemented

'\

, 1n\thls study As thls was the t1me perlod of a prev1ous

i -
; ”‘study in the Baker Creek Bas1n (nght, 1972), 1t proved an

NG

[opportunlty to compare the estlmated bas1n 5011 m01sture c

' storage values used 1n that study w1th the calcutated values

found 1n the present work. In thlS comparlson, the calcu— ;

lated values came. con51derably closer to measured stream o

! flow from Baker Creek durlng the same years than dld the

prev1ously estlmated flgures. It is ant1c1pate that 1n

llf‘most years the calculated values would be better but more"-’

A

fleld observatlons of storage values and relatlonshlps aret».:
needed,~~a"f.-:.ﬁ‘ :tf 7.7' ]_ ﬁlfyp”'.g"_w,.'“i' QZ;VQ

CONCLUSIONS

In the fleld the Curtls Transect Method was employed”

+ E .



;fnifor example, jack plne can be found growrng
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because 1t was thought to be the ne most sulted for thls

type of study The Brauanlanqu t Table Method although -
':perhaps more ekactlng in 1ts vegetatlon collectlon and |
_ana1y51s/techn1ques,'seemed to be too subjectlve in the
‘.actual locatlon of plots along a ;1ven transect-' For this>
"reason 1t was not used _ In practlce, hoWever,llt was found
that subject1v1ty in locatlng representatlve sample areas
'on'the transects was very de51rable. The purpose of u51ng
vtransects was to ldentlfy SpElelC vegetatlonal areas for

\

'jrkference later durlng 1nterpretatlon of the alr photos..--

"5Qu1te often the sample vegetatlon noted as' a spec1f1c stop

Zalong the transect was*notlceably non representatlve of the -
'surroundlng area whlch would be observable on the alr photos.-”'

1?The needs of a partlcular study should be the dec1d1ng factorvll

, when ch0031ng a vegetatlon sampllng methodology.;-"

The surf1c1al cover categorles chosenfor 1nterpretatlon,fﬁ-

l of the study area mlght need some rev151on The Baker Creek

: L
_Ba81n 1s a dlfflcult area 1n wh1ch to cons1st ntly 1dent1fy v

/-vegetatlon/51te patterns on aerlal photograph . Slte charac—'f

n*-terlstlcs and spec1es dlstrlbutlon are: generally con51dered

".to be hlghly correlated 1n most areas. Ho ever, 1n the ba51n,

v and black spruce on the upland bare rock SLtes.n In many cases :

'*there are wet and dry areas,‘organlc and bare rock 51tes,

-

organlc terralnh'

'*heav1ly and sparsely vegetated reglons all w1th1n a very smallhvj'

o area. When 1nterpreted and mapped on an alr photo, these areas,

\

_cannot be adequately dlfferentlated and must be placed in a ’@f“

9.



's28 kllometers north of Yellowknlfe and the alrport weather

'single category : Lt has already been noted that smooth

;land areas, 1ncl

f\.h ] e o ;‘ ‘ ;_" S 197

‘bare bedrock areas occur frequently throughout the ba31n,

B but normafly only 1n 31tes too small ‘to map on‘the photos. L

Thus they are placed in ad]acent categorles and don t w1dely .

‘ reglster on the photo map of surflclal cover types.f Several

'“changes 1n cover type categorles could Ae made to fa0111tate

a more accurate representatlon of the actual 51tuatlon.s

The Baker Creek Ba51n extends from approx1mate1y 2. to“'

L

statlon from whlch data on temperature and prec1p1tatlon 'id!7”

was: taken The pr8x1mlty f Great Slave Lake to adjacent .

ST -

ng the Yellowknlfe alrport, has an 1nfluence

'on thelr local weat er. condltlons ' Use of thls weather sta—'

-/

thon exc1u51vely as belng representatlve of the entlre study

‘:_area is probably mlsleadlng and contrlbutes to the problem ,"‘

N

'bf'of acqulrlng a. reallstlc water balance.5 Prec1p1tatlon and
"Wtemperature data ‘from the Yellowknlfe Hyer statlon, located B

vnortheast of the ba51n, 1ncomplete -as. 1t rs,'should be

v_averaged whenever p0551ble w1th the alrport 1nformatlon.'f

o -

kData from 1nstrument statlons w1th1n the ba51n have been used-'

,.1n some related studles, however,_and the varlatlons in

T

‘prec1p1tatlon and temperature data have been found to be

]

’"sllght

Interpretatlon of surf1c1al cover for the baSLn was

'found to be a relatlvely easy and accurate procedure}u51ng

ualr photos at a. scale of 1: 12 OOQ : Of the standard photo

R



°

',scales avallable for much of Canada, thOse of 1-15‘840"and?

z,'l 31 680 would be the most favorable for thls type of 1nter- B

:pretatlon | The. latter scale was examlned in thlS study as,f.ﬂ,’

part of a multlstage sampllng procedure.: It was found to be .

sufflclent for dlfferentlatlon of most categorles although

w1thout prev1ous deflnltlon on the larger—scale photos the

4 N

'-_task would have been more" dlfflcult.v A l:1, 000 000 scale :

5.

s",Lz'!lNDSAT 1mage was examlned manually ln the hope that ldentl-v l
hflcatlon of even gross patterns of surf101al cover w1th1n-
the study area- mlght be accompllshed Unfortunately lt was
Zfound to be f too small a scale to be of much use for thlS

. tudy i Perhaps 1n the near future,’lnterpTetatlon technlquesl

';_w111 be developed to allow LANDSAT images to be of use in _f'

(‘tudles such as thls one..
L]

| The black and whlte 1nfrared photographs, at a: scale
qc& 1: 12 000, proved to be excellent as a backup for the:ﬂ_-e
panchromatlc photographs. Separatlon of 51m11ar appearlng
:pspec1es on the pan photographs,ysuch as jack plne and blrch/ o
"aspen, was an’ easy procedure on. the near IR prlnts.: ThlS was
':fdue to\the dlfferences in IR wavelength reflectlvely between .

'Tplne needles and dec1duous leaves.' Near IR photographs -

should not be used exc1u51vely, however, as: certaln features o

"such as rellef dlfferentlatlo are not : ea511y dlscerable.
The most 1mportant conc-u510n made 1n the present studyj
'r_zs that the the51s orlglnally.put forward was a moderate

success. Interpretatlon of ,he Baker Creek Basxn as: to sur—i\“



ff1c1al cover types and subsequent d1v151on 1nto 5011 m01s-'
ture storage categorles and averaglng for the ba51n as a
whole prov1ded a much closer correlatlon between calculated

' surplus and recorded streamflow measurements of Baker Creek

'”b,than drd mere estlmatlon employlng a - 51ngle storage cate-.

v"‘gOry for the ba51n (see Flgure 5 8) The\procedure can be

1mproved and the ba51n can be mapped in more detall 1n order
to lncrease the accuracy of the appllcatlon, but the tech—"v
nlque 1tself has been proven to be worthwhlle.gh;..
Any attempt to calculate the water balance of an area,fd-

.;’espe01ally 1n the subarctlc, employlng the Thornthwalte
vwater balance equatlon should 1nclude thls method Resultsfﬁjf

btalned from thlS study lndlcate that a more reﬁllstlc . |
o m01sture storage value for the entlre draln;ge ba51n can.
fbe achleved 1n thismanner.v The more accurate the moxsture s

.storage parameter lS, the closer the water balance equatlond

dfor the ba51n w1ll be to a true balance."

‘\SUGGESTIONS "FOR FURTHER RE$EARCH

Future researchers 1n the~Baker Sxeek Ba51n concerned -

'7fp w1th the clarlflcatlon of the Thornthwalte Wateraba ce'

,\,‘;.,_ I PR "‘..-.;,, o

- ok

‘equatlon should be aware of problems encountered 1n thls L:7pm

Vrstudy/u There are 'so many pOSSlble sources of error ln
'ﬁhimeasurements and calculatlons that only by contlnued research;
w111 a degree of accuracy be reached suff1c1ent to- mhbe the

' appllcatlon of the Thornthwalte equatlon or any othe water 77

d‘balance study approach an unquallfled success.','51f

]
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j The exact boundary of the Baker Creek Bas1n may need

:gvredeflnltlon It is. extremely dlfflcult to. perfectly der

;llneate the watershed lelde in’ an area such as’ thls.‘ The:

‘ rellef 1s not great and the presence of large tracts of

"f"muskeg, characterlzed by slow seepage of water from one

j;some areas.’“‘

'-’tlve cllmate of the ba51n.y Small automatlc recordlng dev1cesl

ilake to another, make demarcatlon of the d1v1de uncertaln 1L

«

I R N | o |
A study should be made- to determlne a more representa-

"h'could be 1nstalled at varlous p01nts w1th1n the study area

”ﬂand checked at regular 1ntergal¥, The baSLn 1s not so large k*

as to make monthly v131ts unreasonable. The effects of

Great Slave Lake on local weather condltlons and thelr areal

| extent ‘away. from the lake could be documented ln thls way ‘§_;\§

xh~ Advectlon w1th;n the ba51n 1s only speculatlon at thls tlme.'_

\ E

It is. thought that Great SlaVe Lake acts as a cold air 81nk

durlng the summer months and cool w1nds bIOW1ng out onto the -

; f héateg land surface could markedly affect tLe evapotransplra-“_;”

R ) .

R tlon ok a portlon of the Baker Creek Ba51n. Also,.the ﬂnf."

.. p0551ble effects of mlneral proce551ng plants and prevrous

“1 trmber extractlon for lumber and fuel 1n close prox1m1ty to, l*"

£ Y

o and partlally w1th1n, the Baker Creek Ba51n should be explored gf_

N ﬂ

More detalled and w1despread evapotransplratlon studles

%h than those carrled out by nght 1n 1972 should be 1mplemented ==

- espe01ally in- the moss and llchen areas., A major problem in k

e estlmatlon of P E values w1th1n the ba51n could be due to ,y
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v:over-estimation ln‘theSe”areas The fate of water slowly ;-

;,:percolatlng through the muskegs between lakes deep w1th1n |

the ba51n should be. examlned HOW QUICkly does it moven, .

3

fhow much is evaporated in tran31t and how much lS 1ncor—
Co i

porated as permanent storage are only some of the questlons,

lwhlch need to be answered r_,-*- ';‘1.',. f

A lake study w1th1n the ba51n would be most v buable;‘

~ Lake temper_tures shouLd be monltored to g amlne the rela—»

'tlonshlp Bet een. the several lake c =‘gor1es and]thelr R ;

1

“‘~evaporatloP r glmes. Also the role of lake% .as collectlng
L E R ¢ ' -
areas for”the unoff from surroundlng reglons should be-

y_studled more c%osely (see Kakela, 1369),
: Research in SOll m01sture would be extremely valuable f.‘
'1n ellmlnatlng some of the gqlhswork 1n assrgnlng storage -

values to dlfferent surf1c1al cover types.n The values uSed e

' 7_3

‘dln the present study were educated guesses based on other

! ¢ ,\ B L

'l‘studles but wera estlmates never the less.f The monltorlng o

'J'of 501l water depth and change over tlme durlng a perlod of

"several‘years wculd be useful
"f The study area 1s in an area of dlscontlnuous perma-#
"3_frost,-.L1teratu e on permafrost occurrence 1n such areas.\’z7

fisfextensive,” Stlll thg permafrost relatlonshlps w1th sur-~t

‘.fficial cover’typ=s should be examlned 1n more deta11 than was

-,2done»in thls the lS.. Presence of permafrost in areas other

: than‘tho e dlsco»ered would have an lmportant effect 1n"

3
)

[ reduc1ng the evapotransplratlon from those areas.A>

R

|



‘;ﬂ» A closer monltorlng of the”streamflow gauge on Bakerw

':Creek,_espe01ally 1n the w1nter when 1c1ng is a dlstlnct
;p0551b111ty, would contrlbute to the clarlflcatlon of a‘,,,
'.most 1mportant aspect in the Water balance equat10n.~ Peret'
‘haps several gauges could be used .and an’ average taken to p
=i better record the streamflow.' | | |
. A large contrlbutlon to the use of the Thornthwalte L
fkequatlon would be more research 1nto latltude and seasonal
. dayllght conversion factors whlch extend above 50 N.ﬁ Thls.
".t;S‘ra 1ncrease the appllcablllty of the Thornthwalte equatlon.
_:;mmensely and help to elg%}date oneof the blggest components
of the equatlon.; Also more 1nformatlon 1s needed concerning
‘,the proportlon of solar radlatlon 1n thls reglon.that 1s.
_expended 1n meltlng snow and 1ce and ralslng 5011 tempera—d»
tures 1n the sprlng ‘ | | ‘

‘5ff; Flnally, the entlre Baker Creek,Ba51n should be mapped :
:len detall as to surf1c1al cover and 3011 m01sture storage.
;»Thls study provrdes a framework w1th1n whlch{further research

1

fj:can more accurately determlne the water surplus factor for"
F:the bassn 3 Whe thls 1s done a- major step w111 have been )
f.taken to clarlfy the Thornthwalte water barance equatlon

"'for subarctlc reglons 1n general and the Baker Creek Ba51n hff

fj}n_part;cular.

.
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'APPENDIX A L SERURUN S
Dalton s Law "L .;l;“”*_i, a_'f_ N
-EfC'(ew - ea)
fCr;‘coefflclent dependlﬁg pn varlous uncounted factors
Ce -affectlng evaporatlon : :
'ew,=’me%n vapor pressure at. water surface temperature
. - in 1nches of Hg G o o _
- ea = mean vapor pressure of saturated air: at temperature A
7. of dew: p01nt in" inches of°Hg R ST
'"fj" RS f'uf'v_‘ \ (from Chow, L964,7p),llf2)}h;d

.
Y

oLt

Mezer 5 Evaporatlon,Equation o

‘E=C

;“c

e

eat
“\j}alr temperatire and RH at nearby stations for: small -
" podies of ‘shallow water or based on -information about

o oew:

e

(GW'- ea)x.fd." ;i_iin' _5f1"3t?( 1 +: 0 lw

A=l

'15 (1nchesx for small shallow water

pll (1nches) for large deep water

{max1mum vapor pressure, in Hg, for monthly mean .
ailr temperature at nearby statlons for small - o
‘badies of - shallow water, or- water temperature for

f,large bodles of deep water };W“;w e R

I
ol

factual vapor pressure of air based on monthly mean ' =

= 30 feet above water surface for large bodles of deep

'vfeet above ground

'water
'monthly mean w1nd veloc1ty, in- mph, at about 30
“ (from Chow, 1964, p. 11-2)
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TAXONOMY OF VEGETATION ALONG TRANSECTS

'A.

IN- THE STUDY AREA
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APPENDIX C

TAXONOMY OF VEGETATION ENCOUNTERED ON TRANSECTS

: Alnus crlspa

Alnus rugosa ‘

".Betula glandulosa

Betulaxocdldentalls

= Gl wv e el e T aw L m et

o Béﬁﬁlayﬁépyfifer&'“*'

Junlperus communls}

,‘Junlperus horlzontalls R

' Larix lar1c1na f,7,'eh

'_Pioeajglauca“

1

. Pioeacmarianaf'frw

Plnus bankSLana S

Populus tremu101des

rSallx SEE‘_;:rH':

'.Andromeda pollfolla

“Arctostaphylos rubra

i(Dwarf_b;rch)fvf.:»““r”"-d‘
(Water :-'Sirch)': | | |
Whike biven) |, ULt
(Common junlper) | |
fCreeplng Junlper)
YLarch) B

'fkwnite‘sprUCe)d;

* “(Jack pine)

{Aépen)

_(Bog rosemary) S

- %ekArctlc bearberry)

“.Arctostaphylos uva- ur51.j‘ﬁ

: Carex spp.;

Chamaedaphne calyculatal_;f-_

foBearberry) ,_5"”5

r(Sedges)

w

»~Cladon1a ranglfera S

Cornus stolonlfera

Cryptoérémma~CriSpa'

var. acrostichoides '

»Drypoterls fragran9 ‘

ieEmpetrum nlgrum

:(Red-OSLer dogwood)

,(Fragrant fern)

ACrowberry)

f;Eplloblum augustlfollum;_'

ca

',(F;reweed).

;LMountaln alder) ;,fﬁf,ef

>

d:i(Speckled alder) ,__“T“-.‘“l,:"}r EIOEE

(BLack spruce) [

! ‘ . \ f’.b_'va

’:.<wlllow> L T A

(Leatherleaf)

(Llchen)

(ParsleY-fern) 'df T ]_;giyi
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(Broadleaved flreweed)

hmﬁf;plloblum latlfollum it:;-

"7Equlsteum arvense ';;;:: (Common horsetall) ----- h?iﬁkqffﬁFV~ﬁﬁifﬁ

1L:Q_gulsetumfsc1rp01des S, (Dwarf scourlng rush)

'-quulsetum 51lvat1cum fj;' (Woodland horsetall) f;vp;jfjﬁf; BN

-,aErlgeron acris subsp Eolltus ,f;f,[;;“j.*

”fErlophorum augustlfollum : (Cotton-Grass) et

_HFraqarla glauca. ',)'fsf{f)*'(WIld Stawberry)ﬂnl'

A}'Geocaulon llVldum ;ff“f'f (Northern comandra) Qf,)fff. DI

‘ngordeum jabatum s .;'L.@ :) (Poxtall barley)

w it

Juncan spp ,‘ v1_4A ~- 5( (Rush)

',Ledum groenlandlcum . "'r',(Labrador tea)

[Llnnaea borealls amerlcana (Tw1nflower)

‘Menyanthesigrlfollata ”:(Ql (Buckbean)

'»M‘er.ca gale‘ .‘ . : . ; ) | i (Bayberry)

]

‘Parnassig palustris = f'_“oﬂ (Grass—of parnassus)

s ; . s - . - Do RN .

'Potéhtilla*fruiticosaf-:;‘ f‘(Shrubby c1nquef01l)
A

hPotentllla,palustrls e_fj/ (March c1nquef011)

"Pyrola asarlfolla o (‘ _ | (Plnk w1ntergreen)

B
~th°d°dendr0n laPPonJ.cum “f‘ (Lapland rhododegdron) _2_4,_j?-1

. Rubus ohamaemorUs:,t:u‘rby 3‘(Coudberry) '-/')37 '()ri/l'ﬂ

’5;’Rﬁbué’bubesoehs~b'~vg() . (Dewberry)

.R6Sa.aCioularis."f o ‘,-(Prlckly rose)

)VRibes'ﬁhdsoﬁanuﬁ v,lf_f'*ﬂ f (Norgpern black currant)

v'fﬁRlbes oxyalanth01des":f. (Nrthern gooseberrY) :f.),

‘staglttarla cuneata . l‘j" (Arum—leaved arrowhead)

Saxlfragla bronchlalis‘”',’ (Common sax1f}(

y ]
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w-Scheuchzerla palustrus : D O - T

subsp amerlcna L A,“g7°(Féfﬁ)?;f: S Qig;z,q:: S

2

-

Solldago degumbens S (Mountaln goldenrod)

.-':';f- ‘Sphagnum spp. s _,; - » "_:(MOSS) . S - 'f

,Trlglochln'ﬁarltlma B i' ‘f;”(Seas1de arrow-grass)

~5Typha latlfolla ~'f 23' 1f';‘KCatta1c) f :f:uL ‘i :” ~ ;;\;>n 

"Utrlcularla cornuta ‘ ”; 4 ,'(Horn—pladderwort)

ifVac01n1um.v1tls-1dea_;;f_'- ?:_T  "’A“;;,757} _{’”
~ovar, minus -~ . . ' . (Bog cranberry)
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