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" .ABSTRACT -

Application of WRENSS to Southern Canada

" The wﬁENSB nethodology (rroendle'and Leaf
".1980) was applied to watersheds in Southern Canada
‘.‘ (45° to 550 N. Lat ) to test its applicability for
”bn.streawflow prediction 1n ungauged watersheds. Four
‘_‘IWRENSS regions: were extrapolated northward from the
; continental U.s. on the basis of forest vegetation
Aand climatic zones and 21 ;orested basins ranging
‘between 0.4 ‘and 144 kmz*were selected within, these.
'\regions for testing. :?, _
Predioted streamflows. were generated with a
.Fortran ver31on of’ WRENSS (Bernier 1986) and
regressed on»actual recorded streamflows_fron..
historical data; ’Although regression otAall‘data’ﬁ
;combined produced a coefticient of determination'

) | . (rz) of 0. 94, regional reéults demonstrated‘a high
degree of variability with r2 values of 0.26 in
region 6 to 0. 44, d .41, and o 57 in regions 1, Q,
and 5 respectively. ‘ | |

that the most important requirement tor reldable

-~ Further study of this variability revealed

WRENSS application to forested watersheds is good

quality data. Specifically,bdata tor a basin must

be accurate and representative (temporally and

spatially). In addition, an appropriate hydrologic

. L
xr
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region must be selected through hydrological
«ragionalization of a basin 'in t7@‘s of:

- i) - water balance compon nts of annual
precipitation, stre low) and :
. - evapotranspiration, BN
ii). hydrological regime,
iii) snowpack and wind redistribution
.. characteristics, anad o~
iv) torest vegetation type.

Thirdly, specified guidelines for WRENSS

N application must be adhered to (i. e.‘snow versus-

rain’ dominated area application), and any possible
basin characteristics (i e. baSin leakage) which
omay influence the water balance of a baSin must be o
carafully considered to determine if WRENSS may be
applied at all. 4'
Based on the data used for this study, theb

applicability ot WRENSS" to predict streamflow in.'h
vungauged basins cannot be assessed.ﬂ Poor quality :
_data decreased the reliability of theg;gsults to ‘
‘the point where the suitability of methodology for
fthis use is uhknown. The results do not, howeve&
iipreclude the use of WRENSS to predict changes to .
fstreamflow after harvesting. _the_original purpose-
of,the methodology E |

It was theretore concluded that application of

.

;HWRENSS to other basins requires careful

Vfconsideration ot data quality, hydrologic
tfregionalization, and dther faotors which aftect the

< water balance.g Further testing with good quality



~ ’ « B |

 data would therefore be required to assess the '
appllcablllty of WRENSS for ungauged basin

vestlmatlon 1n Southern canada.

/
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PROVINCE FOUR

Marmot. Basin:

. Comprised of": -
F1¢ i

&
1978 .
Pi Pii: @
32 23 8
" 16 10 - 4
6 33 4
9 ' 54 7.
114 84 49
84 64 182
gi"SI - 81 -
™ 63 30
'82. 66 .-22
46 29 20
. 79 754 11
36 21 8
T 779.

UZOLPULURPIMY

¢

Location:

i
t

A

General

Aspeét:

Elevation range:
' Vegetation:

Soils/geology:

- DATA SUMMARY I:

552 424

19
'Pi

21
67
38
83
64

50
25
64

- 30

31

.17

S 13

62

. R 57

‘Appréximately 80 kms
_west'of Calgary

3 sub-basins:
Twin 2.6 km?,
Middle 2.8 km?2
Cabin 2.1° km?

PR Y
50° 57' N. Lat..

115° 10' W. Long.

"East '

1585 to 2804 m.a.s.l. .
Primarily over-mature
spruce-fir-pine stands:’
white spruce, alpine

fir & lodgepole”pine
(Kirby & Ogilvie 1969).

Predomlnantly .
superficial dep051ts of °
till, outwash & talus.

5 5011 types 1nclud1ng
luvisals, podzols,:
regosols, alpineé, and
organic (Jeffrey 1965).

Precipitation: (i) 4 stn. avg.
Twin 1,3; Cabin 5; Con. 5

(ii)

79
Pii

14
48
19
59
50
44

25
59
22
20
14

195

1-469

(Confluence 5)

-198@.
Q Pi Pii @
5 48 34 3
4 39 26 3
5 67 41 - 3 , }
5 ‘37 29,14 .

50 134 122 98
109 121 114 148
40 47 44 34
16 111 105 28
10 114 102 36

8 33 24 29 .
5 65 43 11 ; Lo

4 94 91 B8 . | oy

261 910 775 415 = .
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# 58
. ﬁ"-“fa ".
Marmot Basin . v R
_ ot R o o
DATA SUMMARY II: Precipitatioh: ’ Ahbta . En’v,isronment
- ’
1974 1975 1976 1977 11978° . ot J.F
P Q . P Q P. Q P:‘.'.:ig‘ y '.P L Q ; .
— 132 5 28 6 14 5 30 6 -
36 4 76 4 - 86 .4 15 415 o
67 4 38 4. 36 4 75 4 O afm R
190 10 54 4 72 10 - 25 10 " 8 T
, 123 41 56 28 85 106 155 50 i
49 252 98 125 85 . 120 43 70
31 87 94 79 70 778 67 26 ;
109 36 94 40 117 59 141 41 84 39
69 24 35 - 23 117 44 68 34 90 22
, 35 18 60 14 29 22 - 37 21 43 20
' 86 10 59 9 26 11 67 .11 178 11
60 7 . 170 7 35 8 . 40 8 34 8
987 498 862 343 772470 763 285 803 424
1979 . 11980 : TR '
DS P g , o >
.21 s 49 4 B *- % . N
70 4 37 3 ; ' o B
29 5 59 3 ’
86 6 42 14
75 49 161 97
55 - 109 - 144 148
‘ 31 40 50 34 - S
73 16 111 28 I
31 11 " 121 36 o
29 .8 33 29 ;
20. 5 62 11
135 4~ 103 8 ,

655 162 ™ o972 415
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TriCreeks Watershed:

" Location:

Comprised of:

General As?ect:‘
Elevation range:
Vegetation:

‘Soils/geology:

DATA "SUMMARY I:

T:

DZOoOUDPULRPRmY

-

538

1974
P Q
66 0
10 O
48 0
51. 27
56 109
- 48 58
76 27
81 13
41 14
23 0 11
25 0
13 0
' 259

a8
¥

59
Approximately 40 Km. ,
southeast of Hintoh - .,

539 09' N Lat..

117° 15' W Long.

3 sub-basins:

Wampus 27.1 km2
Eunice 15.6 km?
Déerlick 13.6 km?2
e s
North ~ _
1262 to 1707 m.a.s.l.
Coﬁiferous'vegetation:i ‘
lodgepole pine, white
spruce and ‘black spruce.:

_Three till types with some

glaciolacustrine deposits.
Soils: Gray Luvisols and
Eutric and Dystric
Brunisols (Jablonski 1978).

-

Entire basin: Precipitation'data

66

Sacramento
1975 . 1976
P Q P Q
10 0 - 58 0
41 0 43 0
48 0 63 .0
25 3" .53 14
10 46 - 66, 53
109 34 130 43
46 21 © 114 18
8 185 34
58 7 58 16
18 5 86 11 -
- 25 0 " 43 o
58. 0 28 o ¥
514 .124 827 189
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TriCreeks WatgrShed
DATA SUMMARY II: - Entire basin: Precipitation
o Combined Snow course/
~  BSacramento/Rain Gauge

1974 » 1975 1976
. P £Q° P -.Q P Q
S J- . el oﬁb:gp o 58 0. - N
F .114 -0 41 "0 96 0
M 12M: 0 69 0 150" 0 - .
A . 145 27 96 o3 53 14
M 56 - 109 28 46 66 53
J 48 58 63 . 34 114 - 43
J 74 27 71 21 43 18
A 81 13 S6 8 140 34
S 48 14 48 7. 51 16 g , .
o] 23 11 18 -, 5. 86 11 : Cot
N 25 % 25 0O 43 0
D 0 .28 O

‘13 0 58

TOT 817 259 583 124 928 189

.
. o \
. y ' )
. . "
M &va e *
. b -
. [
4 ..
L 5
1 .
£,
’ ) L3
. % 2 v
i 4 B ]
kY -
. T . ’ s
- x . . B . ) .
: v . - L
i -
i) '] o -
. ’
5 N L ‘
t . - X o
> 4 ' " v '
. . -
/ oL
. > *
/ . ...
2] v-
»
¢ . .
s B B
l. hd - ‘
v
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TriCreeks Wateréhed

DATA SUMMARY III: Individual Basins: Wampus

1974 1975 1976
p Q P g P Q"
J 70 o - 9. .0 . 61 0O
F 7 0 38 0 38 0
M 50 0. 49 0O 69 0
A 4%5 27 . 41 3 33 14
M1 109 50 46 69 53
J 42 58 108 34 36 43 .
- J 81 . 27 47 21 108 18
A 72 - 13 56 8 -+ 181 34
S 45 14 . 53 <7 . 31 16
0 44 11 33 .5 .91 . 11 )
e 26 B O 30 0 "12 0
Cophe il 0 61 0 27 0.
¢ (S
T 608 259 575 124 756 1897

TriCreeks Watershéd "

DATA SUMMARY IV:-Individual Basin: Eunicéf

. 1974 E 1975 : 1976

P Q@ P Q P Q
J 64 0 10 0 56 0 R
F 22 0 48 0 52 0 : *

‘M 50 0 . 47 0 58 0 i

A 5620 47 2+ 33 . 8
M "18 90 " 43 33 69 3¢ :
J. 50 41 122 27 27 . 40 s
J 67 ¢85 47 - 20 119 18
A .94 ™4 75 11 . 183 23
S 1397711 70 8 31 12
0O 59 11 .43 6 89 11
N 280" 1° 0 - 12 0
D .0 31 0

11 0 = 56

T 649 212 609 107 760 150
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Sprlng Creek Watershed'~19 2 km southwest of
Sturgeon/Helghts

Location: ) -~ 54° 55 N Lat, = l"‘ .
:117° 50 ‘W Long. '
‘Comprised of: 5. sub- basxns.,
~ ‘ : L ‘ Wolverlne Creek
Horse Creek -
Rocky. Creek " | . o
Bridlebit. Creek T
Sprlng Cneek ‘;;'Qﬁ~ .
% . ' ‘2 9""’-1-“““"5. -1'- Y
Area: e L 112.2 km LT e e
S ;a i )':,;1' o ’.,;‘v ) s 4y
General Aspect: - West ST ¥ “*\a L @“
Elevation Range: = 650 to 850 mia.&.1% i v
Vegetation: AT Predomlnantly aspeng &, black
' - 'spruce; some whltewspru e 'é
-Approx. 25% of ba51naa¢ a. . v
; ‘are muskeg, swamp, oOr. lake b W
‘(Maclver (1966)). },'_. g'i_
Soils/geology: ~ = - - Glac1al t111 and alluv1al ,
‘ S : dep031ts. Ca o
: R SR
O DATA SUMMARY: . . T
.. 1980 - 1981 - 1982 ",/.? "
P Q P Q P Q
J 24 0o 11 0 144 o -
F 13 0 11 -0 31 o0 =
M 42 -1 . 4 1 26 0 o : s
. A . .13 13, 12 26 11 3.
M 56 4, 36 9 12 19
J 100 14 24 2 17 1
J 59 ‘3 . ..88 0 158 6
A 75 1 -3 <0 107 20
S . 50 3. .20° 0  -23 1
o 11 1 17 - 0 7 11 1
N4 9 0 12 0
‘D 108 0 0O 0 10 0 5
TOT - 555 _41 235 38 562 51



s

'PROVINCE FIVE

Watershed C:

"Location:

<

 DZmOoLBUGR MG

Area:

General.Aspect:
Elevation Range:
Vegetation:

Sbils/geqlogy:

- tills;

-

.'.C: o

- TOT

. P

571
. 507

1980

101
333
208

175
157
163
25
115
186.

97

2708

' DATA SUMMARY:

1981
Q P
122 110
314 281 .
211 250
123 347

68 . 141

129 - 285
78 - 76
39 37
100 152

46 424
488 362

. 533 . 282
2251 2747

64

e
20 8Peast of

Vancouver. BC

49° 30' N Lat.

122° 50' W Long.

0.44 km?

Sduthl

295 to0'455 m.a.s.l.

92% immature forest:

- predominantly western

Q

105

237
201

314

110
202

46

263

16 -
337
331 -

hemlock (Feller 1975)

Basal and ablation
soils. predominantly

- Humo-Ferric Podzols -

shallow and coarse
textured (Feller 1975).

1982 A 1983

P . Q@ P Q
470 418 422 408
529 497 332 ‘292
132 152 220 134
234 . 168 143 120
58 32 99 70
. 53 10 178 100
182 112 287 215
122 . 41 51 13
112 36 132 85
218 122 -~ 181 87
334 272 560 498

281 272 152 113

\

2170 2725 2132 2757 2135
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Carnation Creek Watershed: :
Location: . e 48° 54' N Lat.

S 7 1259 13' W Long.

Area: , ST 10 ckme
" General Aspect: N o West .- A
.. . Elevation Range:. - ] Up to 2500 m.als.l. -
.&ﬂ " Vegetation: . o - . = Dense coniferous -
L : : ' -~ forest: western
‘ S Co hemlock, western
> . o - . red cedar, -Sitka
R o ' spruce &.amabilis
T fir (Hartman 1983).
- s N S T '
Soils/geology: [ : © Medium to coarse
L © - "textured: gravelly
... loam to loamy sand
o (Hartman 1982).

DATA SUMMARY I: - P: Carnation Ck. CDF* -
‘; Q: Carn.CK. .Main Stn.~

o 1972 - 1973 - 19767
P Q@ P @ P . Q
352. 474 538 556  43%° ' 448
433 481 213 . 192 457 377
548 608 269 269 . 374 333
252 271 68 - 90 117 138
34 61 170 139 176 134
41 19 132 124, 94 82
153 . 123 - 42 . 20 74 = 61

- 33 11 ‘22 . 7 7 106. 55
.118° 40 .- 68 10" 81 - 70 -
61 - 12 = 323 228 " 203 139
321 248 452 . 423 143 - 155
543 663 - 663 680 342 . 402

S

CuPUURPEmMY |

TOT +*2889. 3011 2960 2738 2604 2394
8888 5

\

*{ﬁOTE}VPéQ) o s o



fﬁé%Carnatioh'Creek:.
., }?h)étpATA SUMMARY II:
R . :
l. i ‘E
,:\. E . -"'

Q

562 -
509
651
294
204
95
72
11
15
69
491
526

’

P: Carnation Ck. Stn. A
Q: Carn.Ck. Main Stn. .

1975 . - 1976

P Q P Q
293 368 . 439 - 448
211 198 465 377
260 273 377 333
115 139 122 138
131 159 . 181 134
68 63~ 96 82
21 26 79 - 61
216 163 110 55
6 35 . 85 70
696 - 620 209 ' 139
746 815 151 155

478 . 601 334 402

TOT‘*3300 3499 *3241 3460 2648 2394

.*(Note: P<Q)

6,

iy
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Jamieson Creek Watershed:

Location; , B - 49° 20' N Lat.

123° 13" W Long.
Area: ) ‘ 2.9 km?
General Aspect: East
Elevation Range: 305 to 1310
‘ o m.a.s§l.
Vegetation: - = ~ Mature and

overmature
A conif@Ekous species:
D aa : . west hemlock, -
e ' " weste¥ red cedar’
' ' and Dofiglas-fir
(Todd 1984) .

Soils/geoclogy: S ‘ Veneer ?ill and _

' : lacustrine deposits
’ Two main soil
types: -
Humo-ferric and
regosols (Todd
1984) .

- _
DATA SUMMARY I: Predipitation:lg,stn.,avg.

«

1975 1976 - 1977
P Q P Q . P Q
376 92 433 - 185 266 135
238 114 433 101 412 249
356 139 . 259 111 368 134
210 167 180 257 177 327
192 574 221 549 242 263
99 264 146 457 139 143
14 117 134 385 89 46
139 237 181 116 156 . 47
. 105 367 = 150 112 263 168
- 765 528 154 115 508 199
1088 648 241 147 650 384
502 462 458 345 538 422

-

T 4084 3709 2990 2880 3808 2517
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-Jamieson Creek Watershed

DATA SUMMARY II: Precipitation (Todd 1984)

P, Q P Q@ P _q

DZOLPUURPRWY

244 92 409 185 . 241 135
251 114 409 101 378 249
358 139 409 111 353 134 .
216 167 180 257 178 327
196 574 165 549 229 263
107 264 122 457 127 143
10 117 135 385 76° - 46
96 237, 163 116 140 47
102 367 147 . 112 249 168
673 528 140 115 480 © 199
993 648 236 147 625 . 384
572 462+ 432 345 = 485 422
3818 . 3709 2947 2880 3561 2517,
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PROVINCE SIX

Cémp Creek Watershed:

v‘Afea:,

.Location:

General Aspect:

- Elevation Ranrge:
Vegetation:

ﬂ'Soils/geology:

‘DATA SUMMARY'

(Gauges outs1dé of ba51n)

X

33.9 km?

49° 42' N Lat. .
120° 00 W Long.

East
900 to 1923 m.a.s. 1

- Interior Douglas-fir,

Engelmann spruce,
lodgepole Pine.

Data not access1ble.

P: Peachland/Brenda Mines Stn.
_,Qr Camp Ck Maln Stn.

1972

P . Q.
J 107 3
F 110 .3
M 71 5.
A 55 10
M 21 136
J 82 116
J 27 24
‘A 46 10
S. 33 7
0o 20 7
‘N 2445
D 91 5.
T 687

331

45

172

1973

P
39

N
(o))

55
2
33
31
5
7
34
76

= O

82 .

DD WLWWEPNGOSSPRD

581 73

1

1975

P
4

105

68
24
37
10
31
67

78
113
99

FNTRET W

°

o
3

1976 , ‘
P Q e
3 3 '
64 3

27 4

29 6
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Testalinden Creek Watershed:

Location:

. Area:

. General Aspect:
Vegetation:. ‘

Douglas-fir.
Soils/geology:

[

DATA SUMMARY:

(Gauges outside of basin)v

1972 1973
P " Q P

68 2 28
43 2 . 53
47 :

53
46 1
76
30

. 47
28’
18
35
38

vZownrugZrrmy

H

529 125 - 550

NER RPN WNON

1976
.Q P

32
35
38
31
44
45

- 33
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18
“¥22
12

- 19
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70

40° 07' N lat.
119° 35  W- Long.

13 km?
South .

Lodgepole pine,
Interior - ° :

Data'not
accessible.
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~INTROBQCTION |
T
A-g/Watershed.management “ensures thathforest and

other vegetatlve covers :serve to protect and
ma1nta1n water supplles to the fullest extent
‘p0551ble" (Dav1s 1966), for regime, quallty and
quantity. The predlctlon of water yield and
Achanges in it are® 1ntegral parts of watershed
management. . |

SllVlcultural practlces can change the volume
and tlmlng of streamflowr Although sllv1cultural
act1v1t1es cannot rﬁcrease the amount of |
prec1p1tatlon fa-‘lng upon an area, they can
1nfluence the dlstrlbutlon of raln Oor snow 1in both '
time and space on a local scale,-and as well, they
can\reduce evapotransplratlon and interceptlon h
?losses that normally occur from the forest canoﬁ?
‘(Troendle and Leaf 1980)

Management dec151ons 1nvolvlng assessment of
I.hydrologlcal land use impacts require streamflow
lnfdrmation. Ideallyp land managers have actual
streamflom measurements. Wltnout recorded data,”
streamflow must be estlmated. Modelllng'ls one
‘method that may be used' to sbtain streamflow
4e$tlmates.m-Existlng models are not alwaYs'suitahle
' forrlandfuse decision\making.howemer, ‘This may be:
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true if the mpdel has been calibratgd for a

speoifictﬁet‘ f basin conditions and cannot be
applied'to different areas, if the model .is too
- complex for f equent use,_or'if data requirements

are not easily batisfied In other cases, use of*

hydrologic parameters or output that are not
r levant to the land use managers'\op]ectlves (Haan

1982).

' @v An alternative approaoh fé} hydrological land
use meact assessment is a methodology built upon
model results. The results of numerous modelllnq
51mulatlons\gre complled and assessed by functlons
which re}ate 1nputs ahd,outputs. ‘Such a

methodology‘cantbe.desioned toﬂallow asséssment of‘
] a broad"range of land use impacts on Water‘yield

This is 1n contrast to models whlch are’ spec1f1c to

A

areas from which the callbratlon data were
obtalned a methodology-also can be easier to
apply be’ause the complex1t1es of the modelllng are-

contalned w1th1n functlons descrlblng the

~

'.relatlonshlps”between]varlahles;
- - . R :
An U.S: example based on'simulations done with‘

two models, WATBAL (Leaf and Brlnk 1973) for snow

domlnated ‘areas, and PROSPER (Goldsteln and Mankln
: . : } . s o
1972)_for rain dominated areas is WRENSS. WRENSS



-

an acgonym for "Water Resources.Eyaluation,of Non-.
?ointysilvioulturai Soﬁrcés"‘ is a set of ‘
methodologles deVeloped 301ntly by the Unlted
,States Forest Serv1ce and Env1ronmental Protectlon

Agency. The methodologles were complled in the

;ate‘19705 in a manualelntended to ald the ‘
’,aSSessment of land use ihpacts on hYdroloqic
-parameters such-as'oxygep cohteht, sedimentatioh
-and water”yieId.'.For ﬁhrposesjof this study

. . . -
however,_"WRENsS" refers only to Chapter III of

that manual (Hydrology) as the methodology to '

,assess chandes to water yield after forest

[y

harvestlng Furthermore, WRENSS as developed from
WATBAL for snow—domlnated areas was used as the

pr;mary focus of'thls study because of‘lts -

“

potential applioability to'southern_canada. o - <
4 The WATBAL model is the primary routine of a-
model designed "to‘simulat€~the total water'baiance
on a oontinous, yearfrouﬁd_basis,’andvto compile ”.5?

‘the results from individual hydrologic sub-units

3

1nto a comp051te overview of an: entlre watershed"'hk,
(Leaf and Br;hk l973).,’WATBAL receives daily JF
inputs Sfmireéipiggtioh from which daily ’
evapotranspiration requirements,‘gdjusteddfor | . A
available-eneroy;'are met. Soil ﬁaht{e-moisture

requirements are then met to.a’specifiedwlevel of



field'capacity,‘and excess inputs AEé”théﬁ
consldered to be "water available for streamflow"f
(Leaf and Brlnk 1973b) . WATBAL—predlcted
streamflow 1s therefore based on the cllmatlc
conditions or a spec1f1c bas1n, prlmarlly the
energy inputs. AT “_'.v e
' WRENSS was developed by calibration of WATBAL t

to the climatic-and hzdfological characteristics of
‘yatersheGS'in different’hYdrologic regions of the
U.s. Callbratlon involved flttlng model output to
hlstorlcal streamflow records so that predlcted
streamflow equalled recorded streamflow for each
. basin. Each callbrated Yer51on had a set of
parameters spec1f1c to the watershed used,_ for
examble:- WATBAL—Hubbard Brook_or WATBAL—Wolf
Creek. | | . ’

| These<WATBAt_modelsycaiibrated for each'basin;i
were rerun nnmerons tines with varied'clfmaticﬁl
inputs and watershed conditions to produce a wide
'range'of outputs -of Qater availabie forhstreamflow.'
From‘the simnlations'a good:relationship‘Was‘found
_between seasonalAET.and precipitation on a regional-
basis. oL - . : _ \ | |
| ‘The 51mulated output was therefore d1v1ded

1nto seasonal components and presented as a series

of nomograms to_pred;ctvET‘as a functlon of



precipitation. These nomograms form. the basis of
hWRENSS and they represent evapotranspiratlon at a
condition‘gf max1mum hydrological utillzatlon ‘

defxned as: (Troendle and Leaf 1980)
| 'i -
, , . .
"the hydrologic state of the
watershed in which complete
o . hydrologic- utilization is achieved.
. . ‘ It may be thought of as,‘b t is not
: - necessarily the same as, 1y
. forested watershed with vegetatlon

(primarily trees) capable of maximum

.- evapotranspiration (ET) for the
3 energy and water»available"

-

For'vegetation'conditions in which iessfthan'ﬁ
paximum utilization is present, (é.g} thinned,
immature’stands)_coefficients are included'to.
v.modify the-predicted ET values. TheseiWere
;deVeioped With inforﬁationjfrom the WATBAL
calibrations and from studies_being carried'out'in
Colorado at the time."

“WRENSS was origlnally des1gned to estimate
.change,ln water‘yield resulting from forest
1_harvest1ng,_as oppoged to estlmating yield of -
:ungauged ba51ns Use of WRENSS to estlmate

hungauged ba51n yleld may be p0551ble however

(C. Leaf Pers. Comm. 1986), if the vegetative state o

‘ of a basin is known ThlS appllcatlon of WRENSS

-

would be partlcularlly valuable for. much of Canada,



sinoe there are many ungauged ba51ns .=P
Estlmatlon w1th WRENSS of. the "water avallable
. for streamflow"l an a ba51n is based on the water

: balance for.a reglon w1th

Q =P - ET.+S where: .= = Q = streamflow
S I L ‘P. = precipitation
ET = evapo- .
transplratlon
+S = storage change
- . (assumed =

0: Tongterm - .
"i.e.10~15 years)

Precipitation.as‘an_input'to the'water balanCevis"_

iutilized‘twiCei |

1;£, To provide an estimate éf ET‘as'adfunction‘of
precipitatipni(nsing the appropriate‘ |
.nomdgran). o

2. To provide a.water balance component from
which the-estimatedaET is:subtracted to
obtainv"water'avaiiabie for streamflow"
(i.e. P - ET Q'assuming neqlidibie-stOrage

change )

Anyater: avallablevfor streamflow" is the
quantlty of water that has passed through.the -
evaporative zone and is potentially available for
streamflow. It i¢ a numerically generated value
that may differ from "actual" streamflow according
~to basin. storage conditions that 1nfluence flow
routing. - It is therefore equal to’ generated run-
off adjusted for storage changes.

(i.e. water available for streamflow = RO 1IS)v



Over a sufficiently iong time period durirg.which
’the chande iu storage_apprcaches‘zero, ET |
subtracted frcmbprecipitation can_provide a
_reiiabie estimate‘of water‘auailable for |
V streamfiow... | ' |
| Data requlremen ‘ for WRENSS.are mlnlmal
‘primarily: ' _(’i B |
eca)”a,watershed area,.aspect forest cover type,'
Qarrangement and den51ty, |
b)‘7'snowpack charaqterlstlcs (1 e: snow den51ty as,
A'1t relates to p0551b1e redlstrlbutlon), and °
c)‘ .seasonal prec1p1tatlon L
v_Although the data requlrements are mlnlmal
hlgh standards of data quallty are essentlal
dSpec1f1cally, data should be accurate and
‘representatlve.; Accurate data are defined as thoset
‘collected and tabulated accordlng to procedures
-wh;ch mlnlmrze error_due to 1nstrumentat;on,,sample':
_size,ahuman judgment,Land_envircnmentalvfactors
ssuch‘as wiud. ‘RepreSentative~data are definedttc
beithOSe descriptive of the teﬁporal‘and,spatiai
uydrclogical cbnditions’of a basin. ' Data for
WRENSS should include: :
i) data tﬁat are ccllected'and_taculated err,a'
S sufficieutlybiong.time~pericd such that" |

when used in a water.balance calculation the



.change'ln storage approaches zero (i.e.
@L;J;\large positlve and.negatiye fluctuations in'
storage balance out), , |
v_il) preclpitation data fromha'gauging network’that‘
repréSentspthe-elevational_and spatial range”

of ‘a basin. -

Good data are essentlal for the appllcatlon of
.WRENSS.' A model can be callbrated to poor quallty
'_data because appllcatlon 1ncludes callbratlon,.or p-
.adjustment of results to: a standard be”rt good or

‘ bad. Results are therefore fltted to the: data,
regardless of quallty WRENSS as a methodology
:does not prov1de the p0551b111ty for adjustment
~lthus poor 1nputs will produce poor outputs. t
‘~, These requlrements are esscntlal because
WRENSS is- simple to use, has minimal data'
';requirements, and is‘thereforeisuhject tofthe
" danger of use as a.“cookhook";* WRENSS.ls intended
‘ to "complement'soundnscientific‘judgment,:not;
_replace it,bandvto insure'reasonable‘eValuations:h
, where,obecause of'a lack ofiexperience,‘the
judgment 1s less than optlmum" (Troendle 1979)
The ba51c procedure to use WRENSS 15'

a) . Reglonallzatlon of a. basin accordlng to

- - precipitation reglme'and type, cllmate, and

e



K}

phy51ography by comparlson to'descrlptlons in
WRENSS for each hydrologlcal reglon ”

b). ‘Division of the basin,into homogeneous units
,of‘vegetation'and'aspect' |

»c) -Calculatlon of yleld for each of these unlt?_

| by the follow1ng. . o

1) = Input of Seasonal precipitation;,"
2) 'AdeSthent'bfbsnbw precipitation for

_ tredistribution between forest openings

‘and,adjeeeht_uhcut foteSt}vw;‘h a snow
fetention‘eoefficieht.'
l 3)n‘/§ted1ctlon of evapotransp1 atlon as -
‘-as a functlon of the seasonal - t j >§
¢prec1p1tatlon u51ng the WRENSS nomogram
for the approprlate reglon.
.4} | Ad]ustment of ET with a cover densitytf
v"lteoefficieht'te represent'the’
percentage of hydrologlc utlllzatlon of
the vegetation.: .‘
d)y %ﬁree-weightihqjof_water yieideifef“each gnith
| and sumhatien tq prpyide the total»ahnuaf o

basin yieid.

WRENSS may: be appllcab{g/!gj;anada because of .
sxmllarltles in phy51ography (Rowe 1977), and

forest vegetatlon (Bowman 1970) to_the northern



\ ) o ‘ | .951}5‘.
: United‘stafes.‘ Both countries_are characterized éyh
“mixed hardwood and coniferous forestSjin‘the‘east}
and coniferous‘forests-in the west. The snow;
,dominatEd‘climate-of southern Canada is also
similar to that of the northeran.S.‘ Furthermore,
Alberta Env1ronment and the Alberta Forest Serv1ce
have used WRENSS with reasonable success (D Asquln
vPers. Comm 1985) Other‘successful and more
.extensivevapplications'of WRENSS have been made by
vthe,Canadian Forestryaservice'(P.VBernier)hPers'
h‘comm' i985) | Appllcatlons out51de of Alberta, _
have been limited to Brltlsh Columbla (Todd 1984}~
The lack of ext nsive testing of WRENSS 1n Southernv
Canada, desplteé}ts?potegtlal,benefr;s for 1and
managers, has been due.inipart.foba'lack'of good
quality data. | | '
The<objectivehor thisuthesis was to examine
the.aoplicability of WRENSS for predicting
'streamflow 1n undlsturbed and ungauged forested

»,'watersheds in Southern Canada



‘ ‘METHODS :

Methods COnsisted ;}'two main parts:

1)_ Prellmlnary testlng through application of
WRENSS to sélected, undisturbed basins- across
Southern Canada, and comparlson_of the
predlcted to actual water yield.

2) ,Analy51s of the requlrements for rellable s
appllcatlon of ‘WRENSS. :

PART I:‘_

.The prellmlnary testlng was 1n1t1ated by '
.selectlng parts of Canada that are hydronglcally
and cllmatlcally 51m11ar to the contlnental u. S
\”Southern Canada" was . deflned by the U. iq‘Canada
border, and the mlddle of the Boreal forest reglon
at approx1q\tely 550 north 1at1tude whlch ls also
the southern edge of dlscontlnuous permafrost (Rowe” i
1977) - (Fig. 1)."' - ., ~ o N

Hydrologlcal reglons within Southern Canada’
51mllar to those in the contlnental U. S _were then
’.dellneated -.Physiography (Bowman;1970),‘c11mate,~
and vegetatlon were used‘as indicators of regional
hydrology tojdetermine'the regions most applicable

o ‘ ' \ , B
to Canada. qur”hydrological zones were

- extrapolated 1nto Canada' (Flg. 1)

©a) ‘Prov1nce One - New England/Lake States

b) ‘Province Four - Rocky Mountaln/Inland
T L -Intermountain . . 3 y
c)  Province Five =~ Pacjific Coast Reglon of the

RS Northwest province

d) Province Six - Pacific Coast Region of the
S e - Continental/Maritime province
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The selectlon -of forested Atest ba51ns w1th1n -
these zonesvand collectlon of mogp‘iyuprec1p1tatloh'
and.streamflow'data for each were the next'steps.
‘A total of 21 bésins inc}udinglsﬁb4basins‘of'sohe
'hmajer Qatersheds Qefe seieeted,.with 3 to.4hbasins
in each hYdroiogieal‘zene (Fig.'l"App.l zf.' Most |,
of the ba51ns were research a;eas and were
con51dered to have rellable long—term data (15 - 20
yearsf - The ba51ns ranged from O. 04 km2 to about
) 150 kmz in area to prov1de a good sample of bas1n‘h
sizes. Addltlonal cr1ter1a deflned for basin
seiectlon 1nc1uded. |
1) Dpata aVailabilityE‘.»Lehg -term streanflow. and

o » ‘ precipitation records were
\\ R " required, to allow

T : ’ - extraction of 4,to 5 years
P . S ' -of predlsturba;ce data.

' ‘ : ' , Short term an o

_1ncomplete data sets were

-avoided.
Example: Data from ~
; " recently
established
stations were -
not used.
- 2) " Data reliability: ' Data sets. were obtained

from publlshed sources
where p0551ble, and were
checked for major gaps and
inconsistencies.
Example:. Data with
many. missing
months of data
were not used.
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3) Data representatlveness. Wlthln each basin the -
A . : : _location and elevation of
precipitation gauges ‘ RS
were checked to determlne
~ if:the collected data
“represented the ‘average
‘ Qpre01p1tatlon (versus a -
“high~or low extreme) of the
‘basin. - LT
- Example: ~ ‘Data collected
o -'ﬁfrom only one -
R L ) gauge in a basin
o LT O R . . were avoided.

C4) Land use 1nformatlon'- ‘Since pre—dlsturbance

' . : data was required to
~represent baseline
conditions as closely as.
‘possible, basi¥ns without
known histories of major
land use disturbances were
preferred, L

Comparlson of s1mple water‘balances between

'Canadlan ba51ns and selected U.S. ba51ns were also

- used in the selectlon process | ThlS was done to‘ .

1ncrease the llkellhood that the selected ba51ns H

were correctly reglonallzed 1nto the WRENSS

reglonsf U.sS. ba51ns were chosen fromlthose used

to derlve WRENSS and from long term basin studles o

descrlbed 1n the 11terature, and compared to the'zif | d-;;

pctentlal Canadlan test bas1ns to reveal any major_r-..
N :

dlfferences 1n wa;er balances.

The crlterla establlshed for the data used for

the WRENSS appllcatlon were consxdered to be B '; E ftf"

1dea11st1c Data’ actually avallable for thls study 'er\ :

were very_llmlted,_(l,e, streanflow and
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hsérecipitation from the same'basin'were not always
available) and data quality'standards were
variable. In additior, specificatiens‘for WRENSS
"data requirements are not well dOCnmentEd.b»Given"
'these~limitations, it was recognized'that it. was
not always possible to employ the standards fully
in data ccllection. Subsequently, the ‘‘ollowing
assumptions were adoptedé
1) Prec1p1tatlon data were assumed accurate
' and missing data estimated by using ,
available long-term mean'values ‘or procedures
such as the "Normal Ratio Method" (Hewletti

1982). Annual precipitation was assumed
suitable for WRENSS appllcatlon.'

:v 2) »Prec1p1tatlon data were assumed to have

originated from relatively uniform gauging
distributions; the arithmetic averages

. calculated were assumed to be areally

' representatlve. .

3) Streamflow data were assumed accurate.
- Missing or questionable "winter" data
_ (between water year onset: October 1, and
> spring run-off onset) were replaced w1th long-
: ,.term mean values or assumed equal to zero )
(ie: frozen condltlons) .This was ‘assumed
because the proportlon of winter flows on. an
annual basis is ‘small for most intermittent
and small permanent streams in snow, domlnated
regions.

A FORTRAN version of WRENSS (Bernier 1986) was

-'used to. predlct vater avallable for streamflow ‘Td

r

'standardlze and slmpllfy the appllcatlon of WRENSS

-

the. follow1ng assumpt{\ns were made:
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1) .Seasonal precipitation regimes .as specified
for WRENSS (Troendle and Leaf 1980) were '
applicable to the Canadian basins.

2) The predominant basin aspect was assumed to be
. representative of the entire basin for all
" WRENSS predictions, unless otherWise
specified.

3) - Basal area data describing the vegetative
cover of each basin were often not readily
available. The vegetative state of all the _
undisturbed basins used was therefore assumed’
<o exist at maximum'hydrological utilization‘

4) Vegetation type was assumed to be descrlbed by

the predominant tree species for mixed

softwood stands and mixed stands.
]

5) Due to limited information regardind the ‘
presence of snow scouring in each basin, itﬁ
was assumed not to exist. . ;

. Preliminary analysis byvsimple linear
‘regression Qas used to determine if a strong
.relationship existed betWeen:annual predioted;(Qp)
and annual actual (Qa) streamflow. A relationship
yas hypothesized even though‘predicted streamflow'
(ep) represents the max1mum, unrouted quantity of‘

water available for streamflow and: therefore should

digfer from actual streamflow (Qa)}aooording tow-J

v basinbcharacteristics'that affect storage; |

orincipally rate of groundwater-movement,'
Regressions were for all four,hydrologic

regions combined to provide information'about>- frpe

WRENSS predictability for Southern Canada overall.

~Regres51ons were also calculated for each
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: ' T 7 . R -
,-hydrological region o indicdfe predictability for -
1nd1v1dual hydrologlcal zbnes
In addltlon to the regre551ons, ratios of
predlcted (Qp) to actual (Qa) streamflow we e
calculated for each ba51n/year, and.from al

‘ba51ns/reglon the mean Qp/Qa ratlo for- each egion‘

was calculated. Results are found in Appendix 4.

PART II: Secondary Analysis Con51deratlon
of factors influencing WRENSS predlotlons

: Preliminary testingvof'WRENSs on data from
Southern Canada revealed a wide range of results in
th& ;bgre551on analyses | A further examlnatlon of
WRENSS. was considered necessary.v The second
analysis was an‘evaluationfof the,data inputs and
assumptions‘of WRENSS.

As with an§7model or methodology, data
»inputted into WRENSS directly affect the ﬁsefulness
ofdthe”output, i.e. "poor data in_;‘poor results
’odt“ Basedlon this, the factors con51dered to
'have the greatest effect on output from WRENSS were

data quallty and data representatlveness ~
lAssessment of these factors was done to establlsh

gu&dprines for the rellable appllcatlon of WRENSS'

based on examples from the preliminary analysis.

-
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' RESULTS AND DISCUSSION:

PART I: Preliminary Analysis

In the prellmlnary analySLS of WRENSS 21'
_Canadlan ba51ns with ‘an average 51ze of 33.1 km2
werevchosen.‘lThey represented four hydrolog;oal
© provinces, with the.most,northerly andASOUtherly
baSins‘being Spring Creek, Alberta, and’Nashwaak_,
Ex;erimentai Watershed New'Brunswick (Fig. 1) v
'respectlvely. Annual prec1p1tat10n ranged from\;}
maximum of 3628 mm. 1n Coastal B C to a minimum of
451‘mm in Northern Alberta. Annual streamflow
ranged from 3139 mm in Coastal'B;C.”to 43 mm in
_Northern Alberta. Water balance comparlsons (P, Q,
ET) of these basins to U.S. counterpartS‘were
reasonable although the degree of 51m11ar1ty could
not be readlly quantlfled |
The bébt water baiance'comparisons Were}in

redibns,l,'4, and 5 (Table 1); Preoibitation and
evapotranspiratiqn matched Qell invregion i, while
streamfiows averaged”44% higher’in the Canadian
basins._ Reglon 4 demonstrated good matchlng w1th
dlfferences of 13 - 27% between ‘the water balance
components. - Region 5 w1th'the largest.water
balance'components compared-more §00r;y thani

_regions 1 and 4!,with only modest agreement



TABLE 1: WATER BALANCE COMPARISON: US

‘BASIN -AREA
- (xm?).
REGION 1. B
" Hubbard.Brook 31.0
Marcell 0.1
_ Central NH . 0.2
MEAN & = 10.4
STD DEV :
_ 'Nashwaak ©11.0
.'Bassin Volees 5.0
Turkey Lks 11.0
- MEAN & 3.0
'STD DEV .
REGION 4 .
‘Beaver Ck 310.0
Fraser . . 2.9
'~ Wagon Wheel . 0.8
MEAN & 106.2
STD DEV
Marmot Cck 9.0
Spring Ck 112.0
" Tri Creeks 56.0
MEAN & 59.,0
STD- DEV o
REGION 5 .
- Bull Run 1274.0
HJ Andrews 0.6
-Doug ‘fir area 1.0
MEAN & ' '91.9
STD DEV
. Carnation Ck 10.0
Wat C . 0.4
Jamieson Ck 3.0
MEAN & 4.5
STD DEV
REGION 6 ,
Skyland Ck 20.7
C.Snow Lab -~ 10.2
MEAN & 15.5
STD DEV .
* Camp Ck 34.0

TestalindenCk 13.0
“MEAN &
- STD DEV

' 63.7 -

"

PPT
(mm)

1295.
787
1219
1100
(274)
v
1290
1636
1119
1348
(264)

489
559
533

527
(35)

"~ 790

451
©701
- 646
(176)

3073
2388
2286
2582
(428)

2818
2734
3535
3029
(440)

- 1270 .
1778
1524

- (359)

646

- 529
554
(82)

Al

Qact
©.(mm)

809
178 . .
889
625
(389)

863
1053

789

902
(136)

67
305

155

176
(120)

367
43
191
200

(162)

2139
1549
1448
1712
(373)

2714
2172
3035

- 2640
(436)

660
1092
876

(305)

179
66
339

- (137)

& CAN
Qpred
(mm) -

.807

748
1120
676 -
848
(238)

2315

2079

3022
2472
(491)

560

352
140

203
(132)
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BASINS

ET
(mm)

486 -
610
330
475

(140)

427
.- 583

330

447
(128)

422 |
- 254.
378
351
(87) .

423
408"
510
447
(55) -

934
839
838
870 .
(55)

104
562
500 -
389,
(248)

610
686"
648

(54)

467
463,

360
-(182)

o
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(differences of 17 to 54%) between actual flow,
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precipitatioh-and ET componentsl The poorest
comoarisons were -‘in region 6 where laroe
'differences'in preoipltation (64% lower), flow
’(61% lower), and ET (44% lower) were. found.

The large”dlfferences 1n region 6, .and for
dsome locations in region 5, iﬁdiCatedvndteable
climatic dlfferences betweea the selected Canadlan
ba51ns and U S ‘counterparts.’ However only one
basin, Trapplng Creek in region 6, was initially
eliminated from regre551on analyses based on these
comparlsons. For this ba51n, P - Q gave an
estimate of ET of only 200 mm, almost 70% lower.
than its U.s. counterpart,dand‘less than half of

-

that hormally-expected'fo a\forested region;

According to Anderson et all (1976) the annual
‘potential evapotransplratl n average of elght major .
forest types fou d in North Amerlca is 675 mm. |

| _ Reslilts of 51mple‘11near regre551on of actual
and'predicted streaﬁfIOWS'for all hydrological
prov1nces combined were strongly related (Fig. 2),'
with a r2 value (fable 2) of 0.940. The hlgh- ”
correlatlon‘was due in part to_the‘differenoes
between the hydrologic regions thatvcaosed a

_clusterihg.of‘datadpoints.'
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Fig 2. Predicted versus Actual Streamflow: Canada
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For all data comblned the mean predlcted flow was:
879 mm, w1th confldence llmlts (p<0.05) of 441 to
'l317 mm. Thevmean actual flow was hlgher_at 1071
‘mm, ‘with confidence iimits.(p<o.65) of 834 to_}308\'

mm.

Table 2: Simple linear regression of predicted
flows (WRENSS) versus actual flows for
hydrological prov1nces extrapolated to
Southern Canada.

PROV  bg by r r2 Se h(a) Fcalc
All 108.81 .852 .970 .940 206.0 93 37.95%
-One . '345.39 .527  .663 .440 165.8 42 5.59%%*

Four = 100.08 .756 .639 .408 = 122.7 28  4.23%% -
Five  747.08 <646 .752 .566 344.8 16 4.26%
<:Eﬁ

six 171.66 7 .513 .263 128.8 . 7  1.48

n(a) = total number of WRENSS runs completed for G-
o the region. 'This number includes run. with
2, - 3 annual values for each bdsin, and sub-
» basin. ‘ ‘
(**p<. 05; *p<.10)

—_——_—————_.————-——————-—_—-——.—-—.'———_-...._______..——_—_.—

Lower evapotranspiration rates 1n Southern Canada
than in the U.S. could partlally account for the
hlgher_streamflows.v The mean difference between

actual and predicted flows was 24 mm, with maximum
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and minimum Qalues of 735 and -692 mm and‘a
'standard'deviation of 24; mn Hydrologlcally thls
indlcates the range of flows 1n the four reglons is
w1de (i.e. some locatlonsAhave extremely small'
flows, others haQe large flows). | | |

‘Coefficients of determrnatlon (r) . for '
hlnd1v1dua1 hydrologlc reglons were - less favorable,
ranging from poor to moderately good (Table 2;
lePP..3)., These regression‘results demonstrated
Weaker.relationships:and increased variability
between predicted and actual~fiewS.d This was
5emphasised by the "best" resnlts‘from hydrdlogic
regions i, 5, and 4. Coefficients of_determination
'for.provinCes 1, 5, and 4 respectlvely were 0.440,

]
O 556 - and 0.263 with standard errors of 166 mm, 345'

mm, and 123 mn){'

The meanldifferences and standard_deQiations
betWeen‘actual and-predicted flows for_regions 1,
5, ‘and. 4 were 8 +209 mm, 249 +393 mm, and —41.0
121125 mm. * Fhis indiqated7hiQh variability and
"'nnreliability in the estimatesr

The poorest results occurred in hYdrologic
‘reglon 6 where the r? value was 0.263 (not
51gn1f1cant) The small sample size of 7 years (2

ba81ns) of data contrlbuted to thlS poor

correlatlon but was not entlrely respon51ble for’

<



o . . 24,

o

all of it. The mean difference between actual and

' predicted values foftthisdregion was -19 mmlwith:a
etahdardvdeviation-ilzl mm. It was noted hcweVef;
'that.thexeﬁall‘meanfdifferences_between'predicted
and actpaldflows4for all four regions did aot
iﬁdicate that the WRENSS predicted values: were
generally.simiiar to the actual streamflow values.
The smail meanddccurredvbecause there'were iarge

'p051t1ve and negatlve dlfferences that balanced out

when added together arlthmetlcally

PART II: »CONSIDERATIQNS FOR APPLICATION OF'WRENSS

A:  DATA QUALITY | -

| One possible cause for the variability of

resﬁlts in regions,l,4, and 5 and the‘unreliable

results for region 6 was the»qualityfof .
precipitation and streamfiow data used for'testing

'.WRENSS. 'Further investigation revealed four types

of data quality problems.

L1, Inaccurate prec1p1tatlon and streamflow data.
Example: Tri-Creeks watershed ‘
2. Spatlally unrepresentatlve prec1p1tat10n data.
~a) Areally: _
Example: Testalinden Creek and Camp Creek.
- b) Elévat10nally° ‘ :
Example: Marmot Basin.

”~
o

L
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tative precipitation

3. 'Temporally unregres
ol ; . X

.data. L
-Example: Sprlng CreeRYWatershed.

s

"/

4. Basin leakage.
'~ Example:  Les Bdssins des Eaux Volees

 EXAMPLE 1:

Inaccuracy 1n data from Trl-Creeks was caused
' by dlscontlnultﬁes 1n streamflow data and multlple
qauge errors in prec1p1tatlon data.

Streamflow records 1n snow-domlnant éreaé‘are
oftén discoﬁtinuousbbeéauée channel-ic?ng prev§nts»
meaéurementbof §inter flows. Daté fof snowmelt
“(i.e. the»risidg liﬁb;ofvﬁhe hyd:ogréph) at
-Tfi-Creeks,were missing and therefore were
eXtraéolated; This is particularily crifical for
hydrolégical comparison'§f two snow'dominanf'afeas

because ‘over half of the annual flow in these areas

-

occurs from snowmelt, and thus any errors in-
‘extrapolation ¢an be very Sérious.llwithout data
‘_ from this part of the hydrograph, comparison of two

snowmelt dominant watersheds is impossible. .Thus

tfer greatly'frd'
7

what could be actually measpfred, the .comparisor’ of -

‘.if'the extfapolated‘estimatés'

WRENSS predictiohs to thege actual fdows will be -
erroneous. - . . .

 Diffefing catch by different‘types of qauges
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'1ndreased the error” in prec1p1tat10n data used from
Tr1 Creeks. Streamflow predlctlon in the 1n1t1al
'assessment‘was based onvprec1p1tatlon data comblned
fron: snou sourse‘data‘fdr winter, (approximately
November to February), Sacramento gauge data for-
the transition periods betweenlsnow and rain
ﬁreclpitation in the fall and spring (March, April,
'September and'odtbber), and’standard'rain gauge
data for the summer (May to August) Comparlson of
the streamflow predlctlons based .on this”’ comp051te
‘ data set to predlctlons based on Sacramento gauge
. data alone indicatedvoverprediCtion. ’The ratio;of
~ Qp/Qa forvthe cdeOSite data was 1.92 eempared'to
"1.21 for the Sacramento gauge data set.
é;uginglerrors occur because each gauge type_
varies in its ability to catch'different forms of'
precipitatidn;“ One examble ef~this is:the gauge
efficiency of the M s.c. standard rain gauge (Bruce
.and Clark 1966) when used along the Foothllls of
Alberta. .In sprlng, preCIpltat;on is a mixture of
rain and snow (Longley.l972) and gauging error or
undercatch'with the standard gauge can-be up to 45% .
~‘for sSnow and between 7 and 14% for raln (den Hartog
1975x‘ Most gauges undercatch because they cause

'turbulence in the alrflow, and thlS results in

varied prec1p1tatlon fallout in the v1c1n1ty of the



gauge (Gray 1970) ; particularily for lighter

precipitation such as snow.

EXAM?LEhza: | o C- \

| Prechitation.data for Testalinden andgCamp
Creeks were not‘spatially'representative.‘ Data for
the Interlor of B.C. were extremely llmlted |
Pre01p1tation data used for these basins were from
'81ngle stations that were nearby_but not in nor at
the’same elevaticns asvTestaiinden and Camp-Creeks;
These data‘were'assuhed to be reasonable
approximations’of totai,brecipitation in each
‘basinf_ The higthp/Qa ratios for Testalinden and
Camp Creeks houever suggested-this assumption was
1ncorrect w1th ratlos for Testallnden Creek of
| 3 314~§nd Camp Creek of 2.59 (APP. 4) Prec;pltation
measured at the stations probably were /
underestlmates because prec1p1tatlon 1s‘strongly
| 1nfluenced by elevation. 1In mountainous areas
where gauging is limited, this problem iS-common.

Spatlally re\kesentatlve precxpltatlon data

should be collected from an adequate number of
 gauges uniformly dlstrlbuted within a watershed. A
good-netwerkiof gauges is‘particularily important
in mountalnous basins where precipitation gradlents

are strong.
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EXAMPLE 2b:

' Some of_the data from ﬁarmot Basin were not '
:epresentative elevationally..‘Praotical
constraints of estabiishing and maintaining a
'preclpltatlon gauglng network often limit locatloni
of gauges to sites ea51ly a"cessed such as near
. st;eamflow gaugvng statlpns. _Pre01p1tatlon data
 from low elevati n gauges in mountainous areas
“usuaily'underestimate average vaiues because
precipitation increases withbelevation ~In Marmot
- Ba®jn rainfall 1ncreases about 120 mm oVer an
elevatlonal rise of 1206 bl (Storr 1967)

Comparlsons of'streamflow.pred;ctlons were

'lade‘using data from a-single low elevationzstation
ersus a four sta.tion ave‘e that inc}yl‘uded higher
elevatipn stations. The.four stations dseq | |
included Confluenoevs_at low. elevation, Cabin 5 at
mid—elevation;'andﬂTwin“l and Twin 3 looateé at
upper elevations. The Qp/Qa ratlo for the 51ngle

- station (Confluence 5) (Table 4) was 0.46 compared.
to 0.90. obtained w;th.the 4 station average.: The
,lowhratio.for'the‘single'station estimate‘ciearly
~demonstrated that serlous data quallty problems are

1ntroduced by u51ng elevatlonally unrepresentatlve

data. R _ -



29

‘Table.(3) Marmot'Basin bata: Qp/Qa Ratios

vear Qp/oal . ' op/Qa® , :

__________ TTTTT T -::'"*'-—""7—"_"___—__ o

1978 0.80 0.24 L

1979 0.75 0.31

1980 - ‘1.14 0.82 )
%x=0.90 x=0:46

Legend:' Qp/Qa:Jpredicted-flow/actual flow
Source: ' 1 (4 station average)
2 (Confluence 5 alone) .

EXAHPLE-ﬁ;
Results from Sprlng Creek ba51n prov1ded a
;good example of the problem that can occur when:
;u31ng short term prec1p1tatlon data w1th WRENSS.
Predlctlons u51ng annual pre01p1tatlon data were

“compared to predlctlons‘made with an 18 year.‘

precipit ion average; -The\ratio of Qp/Qa wasp

1.81 using annual data to 0.90 using

[

the 1ong-term mean:(Table'4) The latter prov1ded a

moxe’ rellablelprec1p1tatlon value for a basin
. ‘@
because 1t reduced and integrated the high

varlablllty p0551b1e w1th annual values. Long—term

.streamﬁlow values also reduced varlablllty because j

changes in. storage approach zero when averaged over

4
a long enough tlme perlod. y . .
3:&; *5’
RS
ot

v

. ¥
L
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Table 4: Spring breek:..Lengterm'mean

= Qrec'ipitation value '
BASIN/EOC/ P(nm) Qa(mm) Qp(mm) Qp/Qa
YEAR . . ‘ .
Spring Ck AB _ R o
1980 ' 556 41 - 114 - 2.78

1981 237 37~ -82 - =2.22. . 0
1982 561 50 243 4.86
CMEAN© . . 451 . 43 93 1.81 T
****************************************** '
i e
’LONGTERM‘ P(mm)  Qa(mm) A
MEAN 519 98 88 0.90
(#yrs) (18) (1) S
_ ’
EXAMPLE 4: !

Ba51n leakage, negatlve or p051t1ve, can,.
affect streamflow predlctlons based on Qater
balance" calculatlons.r Comparlson of actual;flde'd-
- from basins with'ieakégg to WRENSS predicted flows
_is therefore.subject to error. Application of
WRENSS is notvrecommended for these‘tyPes of basins_
unless,specific hydrdgedlogicai or surface flow .
1nformatlon is: avallable and approprlate
adjustments can. be made.

Ba51n 1eakage is very . dlfflcult to detect and
quantlfy Two ba51ns of Les Bassins des Eaux
'Volees may have been 1nfluenced by water transfer
, gue to beaver dammlng (P. Bernler Pers. Comm. 1986)
The loss of water from either ba51n would reduce Qa
“and tberefore inflate flow ratio comparisons of

’
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‘B: REGIONALIZATION
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Qp/Qa. However, sinceAthe mean'Qp)Qa ratios for the
two ba51ns were only sllghtly greater than 1 |
(Ba551n 6: 1, 06 and Ba551n 7a ;;09: APP. 4), the
differences between the predlcted and actual values

was small and the degree of varlablllty was hlgh

,no conclu51ons couldfbe made about the presence or

. 1nfluence of ba51n leakage ln Les Bass1ns des Eaux

Volees.

@«

Along with the requlremenUﬂfor good quallty
data, appllcatlon of'WRENSS requlres selectlon of
the correct hydrologlc region from those deflned 1n
the methodology. To meet this requlrement the

hydrological characterlstlcs of regime, water

‘balance, and vegetationlof a basin must be:matched

to those of a WRENSS reglon. This process is

called reglonallzatlon.
For preliminary application of WRENSS to

southern Canada, regionalization was conducted

' according to the WRENSS handbook'by'using

descrlptlons of snowpack typa and characterlstlcs

_of wind red;strlbutlon ofvsnow. In addltlon to the

requirements specified by WRENSS' reglonallzatlon

'also 1ncluded vegetatlon zonatlon, 1ocatlon w1th1n

'northwardly extrapolated U.Ss. reglons, and some
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comparison of water balances. From further.stndy
of the-preliminary results, it was'notedAthat
“reglonallzatlon of a Canadlan ba51n should also
1nclude comparlson of hydrologlcal regime to those
of the WRENSSrreglons. |
' From preliminary results, Nashwaak Watershed

was an exampleiof a-basin'correctly~regionalized.
‘In Table 5, water balance components of P Qact and
ET of Nashwaak were 51m11ar to the U:.S. Region 1
(+/—20%), given that gauglng-error for measurement
of the water balance components can be hlghly :

- variable. Comparlson of hydrologlcal reglme for _.‘
‘NashWaak Watershed and the three U.S. ba51ns also B
, snpported'this hydrological regionalization Annnal:
hydrographs of the four ba51ns 1nd1cated deflnlte

h51m11ar1t1es in runoff pattern 1nclud1ng snowmelt

dominance.
TABLE 5: . Water Balance Comparison:
’ U.s. Reglon 1 and Nashwaak Basin
Ba51n"- o S PPT . Qact "ET
: ‘ (rum ) - .(mm) (mm).
. U.S8. Reglon 1 -
. Hubbard Brook ° 1295 809 486
Marcell, Minn. 787 178 .. 610
Central N.H. 11219 889 330
Mean = ' 1100 625 475 )

(+/-20%) 880-1320 500-750 380-570

CanadalRegion'lz - B -
Nashwaak Basins . 1290 863 427
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The latter characteristic is requlred as
' WRENSS predlctlons based on WATBAL are for snow .
dominated runoff'areas. A "snow domlnant“ reglme
is chaJacterlzed by a dominant runoff peak that
oocurs durlng snowmelt season (RL Swanson -
Pers.comm, 1987). 1In some regions,-although
rainfall nay actually account for a higher
proportlon of. total annual prec1p1tatlon, if theEe
'—1s one domlnant runoff peak durlng the ‘snowmelt
s season the area is con51dered to be snow domlnant
Correct reglonallzat;on of Nashwaak Watershed

‘ Qas alsotindicated by’similar vegetation tyoes N
' Forest cover at Nashwaak 1ncludes ‘a, mlxture of |
hardwoods and softwoods and the basin 1s totally
forested (chklson and Daugharty 1982) Thls is
‘similar to the mixed forests of the U.s. ba51ns.,
Three examples of ba51ns from the: prellmlnary . )
vresults 1ncorrectly reglonallzed were the ba51ns
used to represent.Reglon 5. The most 1mportant-
: ev1dence of 1ncorrect reglonallzatlon was the lack
of snow domlnance in the hydrologlcal reglmes of
Carnatlon Creek Watershed c, “and Jamleson Creek
In these cases, although water ‘balance. comparlsons-
dt were reasonably_s;mllar,lthe dlfferences betweenr
‘h"the'WRﬁNSS Region s‘régimes andithose of the:
= :canadian representativesxwerettoovgreat to.provide.
N S _ L ,; .
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1

any useful conc1u51ons about the appllcablllty of

.WRENSS 1n that .area of. southern Canada.

Based on these and other examples found in

the data used, reglonallzatlon of a Canadlan ba51n

should ideally be done by matchlng the follow1ng,"

ba51n characterlstlcs to the correspondlng U.s.

reglon to the best degree p0551ble

Water;Balance Components:f.The»relatiye
quantity and proportion hetween the‘.
components, and total of ET estimated by
P 4nQ should be reasonabey "ﬁilar.
Regime;» The annual pattérnj;f timing‘of
runoff should be similar to U.s.

counterparts. (A snowmelt peak should be

. present if the snowmelt portion of WRENSS is -

used.).

Vegetation: Vegetation should be similar to

“the U.S. region, and the state of

hydrological utilization should also be

~'similar. :This is particularily important for
areas with mixed or predominantly deciduous
'vegetation'bedause‘the largeSt species r

fdlfferences in ET are- found between

conlferous and dec1duous trees.

4

s~
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‘C. FACTORS GOVERNING CORRECT APPLICATION OF THE

METHODOI®GY: BASIN WATER BALANCE
CHARACTERISTICS

Along withlrequirements‘for data qﬁality and
.correct regionalization, reliable prediction of
'ungauged flow should 1nclude careful con51derat10n
of ba51n characterlstlcs whlch may affect storage
changes 1n 'snow, soil, or groundwater. Thls 1s
. necessary when WRENSS is used to estimate annual
;yleld -as opposed to change 1n yield, because
streamflow is calculated as the dlfference between

precipitation and{thevaENSS estimated ET.

i) CLIMATIC EVENTS AFFECTING THE‘SNOWPACK AND

RESULTANT AVAILABLE PRECIPITATION |

. qlimatic‘events such as "Chinook" or foehn
winds are not"accounted for in’tne WRENSS |
lmetnodologydv Chlnook w1nds greatly affect snonack
ablatlon in some areas of southern Canada., A_longT
the East- slopes of Alberta, and in: parts of
southwestern B. C., Chlnook w1nds occur w1th great
";frequency (Goldlng 1981) and the resultlng

'prec1p1tatlon (1 e. snowpack) ava11able~for

streamflow is greatly reduced Measurements at

”znlneteen Chlnook 51tes along the East slopes of the
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Rockles indicated evaporatlve losses durlng January
to March of up to 223 mm in the open areas above
'treellne and 135 mm 1n forested areas (Goldlng
l1977). Wlthout adjustment to prec1p1tatlon for
such losses, large errors couig/gbcur in WRENSS
predictions of water avallable for.streamflOW'for
. Chinook,prone areas.in southern Canada.

i

. . o b

ii) BASIN STORAGE - : | |
' WRENSS does not‘allow for basin storage
vcarryover as part of the‘water balance equation.
The methodology was de51gned to be used with long—
term hydrologlc data over whlch perlod basin -
storage carryover'approaches zero or is very small
(i.e; positive andjnegative»changes balance out, to
Zero) : Streamflow predlctlons based on short-term
data (e g. 1iyear) are therefore J‘.ncorl:'ectﬂJ
5app11catlons of WRENSS. . The example'fromASbrlngﬁ
Creek clearly demonstrated the error introduceoi
fromlu$ing,short—term.data.' e
| WRENSS streamflow prediCtions‘also requlre
the assumption of-long-term values because
»streamflow 1s strongly 1nf1uenced "both by events
in past months, and current ET and préc1p1tatlon"
.(Swlft et.al; 1975), The_lmpact of thls woulq be‘

particularily pronounced inidry periods after-years
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of highdprecipitation.» In the short-term,i
predlcted flows would be low due to reduced
prec1p1tatlon 1nputs while actual streamflows would
be’ malntalned by stored water from prev1ous
’prec1p1tat10n; In'the long-term, with the effect
of storage on streamflow'assumed to be negllglble,-
the predicted streamflow would be more .
representatlve of average condltlons in the ba51n.

i The size of ba51n stOrage can also 1mpact
_ﬁRENSS predlctlons., Ba51ns with large storage
capacities would be less likely to have a change-
in-storage term‘equal todzero, whenvcompared to
ba51ns w1th small storage capac1t1es that ‘facilite’
rap1d output (1ﬂe runoff) from inputs (i.e.
_precipitation). Those with'large storage
capacities 1nclude bas1ns w1th large areas of‘deep
organlc 501ls or clay textured 50115. :

These storage.;elated factors may have
lnfluenced results from the ba51ns w1th hlgh
'storage capa01t1es, such as Turkey Lakes Watershed,
and ‘Les Ba551ns des Eaux Volees. "~ In reglons w1th
an older geologlc h1story as 1n the Canadlan

'Shleld s01ls are more well developed than in areas

of more recent glao;atlon such as: “the Rockies.

- fSprlng Creek as a ba51n with deep organlc SOllS, 1sr

" an example of the former. Due-to the greaterh
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storage capacities of the eoii mantle in‘these o
oaeins; actual streamflow.would tend to be lower
' than in basins,with lower storage'capacities, bot
also more sustained durlng preclpltatlon deficit
'perlods.
~ The water avaiiaole for flow predicted for .
such areas would be based onfy onvthe quantity of
' precipitation inputted and not for,quantities‘going
v‘into storage. Predlcted water avallable for
streamflow would therefore tend to be eater than
actual. During tlmes of low prec1p1tation when
slow release of stored precipitation from the deep
50113 would be maintaining actual streamflow, water
avallable for streamflow could'be-negat1y¥. This
‘would occur because the nomogram estimatesAof |
evapotranspiration would exceed the incoﬁing
precibitation. N T | ’
This‘was'observed in the’prelimlnary resolts
.for Spring Creek (1981) for Wthh predlcted water
avallable for flow when prec1p1tatlon was below
- normal (APP.2) was negatlve. Slnce thls ba51n
.bcon51sts of about 256 swamp and lake (McIver 1966)
 w1th low rellef poor. dralnage and "good detentlo;
storage" (McIver 1966), the influence of. storage

Icarryover is clearly demonstrated for.this g%sin.
":? \ . : B
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SUMMARY OF REQUIREMENTS FOR WRENSS APPLICATION FOR
' BASELINE STREAMFLOW PREDICTION :

Further study of'the'requiremEntsvfor
rellable WRENSS appllcatlon produced the follow1ng

"recommendatlons

-
)

1.° Accurate'and rebresentativs data should bevused
" .in’ WRENSS. Procedures to'prom te accuracy shouid,
include datavsampling to'minimize-instrumentation
error and' human error. . The data should be examined
for missing values and corrected for env1ronmental
factors such as wind. ‘ |
"Representative"‘data should'descrébe the.
_hydrologlcal condltlons of ‘a basin tempgrally and -
’spatlally. Representatlve data ghould include:
(i) data for a suff1c1ently long time period
such that change in basin storage approaches'
zero (i.e. p051t1Ve and ‘negative
fluctuatlons in storage cancel out), ‘and
Co(1id) prec1p1tatlon_data fromva_gaoglnge
network that.representsithe elevational and ..
spatial variability in avbasin.
2. ﬁRegionaIization of a basin based on-

similarities of water balance proportions (P,IQ,
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‘Vegetation when compared to the WRENSS;regions.f

r5

;available for streamflow (i.e. Chinooks) and basins

and ET), hydrological regime (including.general

papterneand,snonelt-dominanée),‘and»forest I

[

3) Identification of basin conditions which may
affect the -water balance.and are not accounted for
in WRENSS ‘estimates of water available for

streamflow. These conditions include basins prone

>

to climatic events which: reduce precipitation

with lérge éarry—over”storage.capacities that do

not allow the:chanée—ip—storage term to approach

zero. The use of WRENSS for basiné with these '

types of conditiohs is not recommended.



CONCLUSIONS

Appllcatlon of WRENSS to Southern Canada for
predlctlngvstreamflow‘ylelded hlghly variable and
unreliable ?esults, Scme comparisons of'predicted_
and actual streamflowsvwere good, but others were
'vefy pcor. Regression analyeis of predicted on
- actual streamflows demonstrated very good '
“correlation.fcr all data combined. but highly
variable fesulte for individual'fegions (rz vaiues
between 5.26 and 0.56). Ratios of predicted to
actual streaméiow ranked:by the’magnitUde‘of
difference ffom 1, ranged fncm poer in all the

Marmot Basin and

_ Region‘G'baéinsJ co very good fol
Les Bassins dee Eaux Volees in Regi ns'4.andvl
'respectively..‘
. Further ekaminationbdf these fesuits

indicated»that WRENSS muSt‘be carefully used for
predlctlng streamfilow because the predlctlon of
flow is more sen51t1ve to factors whlch 1nfluence‘

~the water balance than 1s.the predlctlon of change
':in'flcw;‘ | o

From further sﬁudy of factors affecting the”

water balance and thus WRENSS predlctlons, the most.

1mportant con51derat10n for the correct use of ) ~
- WRENSS was,found to be the quality of data used.

In”pa;tiSplar, precipitaticn'data must be accurate
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ifand'repre‘:;tative in both time and.space.‘ |
. A second important consideration iS‘the'r
selectlon of the correct hydrologlc reglon through
reglonallzatlon of a ba51n in terms of the water
balance components, hydrologlcal reglme, and
vegetatlon. Incorrect selection of the hydrologlc
) reglon w1ll yleld poor WRENSS estlmates.

A.thlrd 1mportant con51deratlon for"the use
of WRENSS 1is the’ 1dent1f1catlon of other ba51n
condltlons whlch affect the water balance,
prlmarlly climatic events affectlng the snowpack
and ba31n storage - (1 e. carry over storage).

Lf unique hydrological condltlons'ln'a'ha51n-are
not accounted for in WRENSS, use of WRENSS is not
recommended. |

4 .h_. leen current data avallablllty and quallty,
.1t is unlikely that“exten51ve'appl;catlon_of the

snow dominant portion of WRENSS for~the prediction.

*of-streamfIOW'from ungaugedfbasins-ibrpossible at
- thlS tlme in Canada. However; application of the

>

'f'§ methodology to 1nd1v1dual basins is llkely to be.

4

¥
- possible 1f the three- establlshed requlrements are
satlsfled In partlcular, thls seems to be llkely

for the folfbw1ng basins since very good ratios of
'predlcted to actual flows*werevcalculated,(App. 4):

Nashwaak Watersheds, Les Bassins des Eaux Volées
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and Marmot éreek. Further study recommendedsfor
these basins;IWOuldwinclude the comparison of -
WRENSS predlctrons made with long term
pre01p1tat10n data to long—term ‘actual streamflows.
This isvin contrast to ®he comparisons of annual
predicted and actual values carried out. i this -
‘study. ;It shonld also be noted that-the'outcome-of
this’Study also does not precludedthevuse of WRENSS
for its intendeduuse to'predict.change in water
’avallable for streamflow aftér forest harvestlng
For any future appllcatlons of WRENSS to
predict annual yield, the criteria established‘from
' this.study are Qery'important, although4difficult
dvto adhere to.- For.exanple; acdturate and o
-.representatlve.data are not always readlly
vavallable. The data used in this study are
_:representatlve of that commonly avallable for
Canadlan watersheds. 'As well, regionalization ‘done
only according to the location of a basin within a
.region should betavoided.‘ The hydrologlc reglons
serve as guldellnes to partlcular hydrologlcal

-condltlons, but 1nd1v1dual basin characterlstlcs

_such as the annual watesfbalance and annual

'|

hy ograph should be closely examined.f These also
serve only as guidelines Jecause precipitation
quantity may be reasonably extrapolatedJWhile

~.
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regime:may he mere‘diffieult to extrapolate (C,Leef
Pers.Comm. 1986) . o | |
'Accordinq‘to Jeffrey:(1961) "many watershed
studdes are 1n1tated with the idea that results
obtalned from them wa}l be representatlve of a much
largerrarea, usually a vegetatlon type, |
'physiographié region, or climatic zonef..However
experience has éhowh'that it ie-very diffieult to
vextrapolate data from control’ watershed experiments
t;\éuch areas even after callbratlon“ This 1s
éupported by Leaf (Pers Comm. 1986) in that "even
w;thin the geographic area of province four as- an
texample,‘there are some areas for which
, hydrological“characteristics cause WRENSS to be
,inapplicable.to particulaf basins"éi Application of
, WﬁENSS‘sheuld therefore be undertaken only. fter

~ the. basin has been cerrectly-regibnalized'and ”

checked for aﬂy bas{n characterlstlcs that may: not

e

a

be handled well by WRENSS and only after accurate

and representative data have been- obtained.

oy
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APR@NDIX‘ONE:‘ BASIN INFORMATION

‘Abbreviations Used:
Q = streamflow P = pre01p1tatlon (Pto— station 1)
(Pii = station 2) T, TOT = a nual tals

“@3

PROVINCE ONE
NCE ©

Nashwaak Experimental Watershed: Approximatély 50
. o km northwest of
Fredericton, NB.

.

Comprised of: __ Hayden Brook 460.17: N Lat.
: o SR 67° 02_ W.Long.
Area: - . 6.6 km? o
Narroys Mtn.  46° ga' N, Lat. .
R . 67° W Long.
; Area- ) ©3.9 km?2 ’
. General Aspect: South w
Elevation range: 195 to 478.h.a.s.1.
Vegetation: ‘Totally forested: 'mlxed

hardwoods and softwoods
(Dickison and Daugharty 1983)
Soils/geology: Basins underlain by argillite;
RO overlain by glacial till
(D} ;son and Daugharty 1983)

DATA SUMMARY: H.B.=Hayden Brook
. , N.M.=Narrows Mountain"
1975 - " 1976 : 1977
(mm) - (mm) (mm)
NM HB . . . NM "HB ~ NM HB
P.- Q Q - P Q@ Q P oQ Q.
J 89 26 29 136 53 55 85 30 39
F 43 12 .13 162 91 107 83 14 ‘15
M 82 15 15 89 52 67 72 . 40 . 42
A 80 95 88 = 64 273 276 68 . 189 195
‘M 94 271 241 146 172 195 64 120 164
J 112 78 87 63 25 35 ‘ 247 138 134
J 85 18. 23 154 23 34 49 26 36
A 31, 8 11 98 69 .47 92 14 17
S 135 15 15 65 23 28 . 15515 16
‘O 83 21 15 221 121 137 119 91 103
"N 148 69 51 57 67 87 98 62 68
D 157 49 61 197 69 - 72 | 146 52 55
Tot 1139 677 649 1452 1038 1140 <t1278.791_884

50
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Les Bassins des Eaux Volees:

Comprised  of:

-Area:

<,

"'v'-‘f*Gel‘iéi\‘é-l a%ect: \n

. Ejevation range:

Vegetation:
ege._‘_)\t o‘?& .
Soils/geology: e
- | |
 DATA SUMMARY: .
1970 PR
#6 (mm) #7a (mm)
P Q P Q
J 44 35 40 21
F 156 31 = 159 14
M 97 24 - 89 12
A 93 31 . 86 16
M 130 217 129 , 292
J 144 124 152 { 142
. J 257 87 225 :
A .126 113 135 83.
'S 170 93 179 91
0 135 110 137 106
N 134 66 124 50
‘D 37 39 36 20
Tot 1523 970 1491 929

2]
80 km

Quebec City, -

7, 7A

. north

Four basins:

Basins used:

6 ((3.9 km)
7{;(1.2 km) ,
25' N Lat.

M81° 00' W Long.

.

0 RN

- birch

. East

, white pine.

Glacial material
ranging, between 0
and 18 m.;
predominantly
orthic ferro-
humic podzols.

1971
#6 (mm)

P

90

154
85

. 76

141
82

137
274

139

105

102

129

Q

25
18
18
21
225

‘87 |

79
131
103
94

54

433

1514. 893

#7a
P

. 86
145
76

. 82
140

- 78
129
260
137
105
99
125

146

séils

»

(mm)
Q

13
9
9
9.
290
75
43
93
89
83
37
19

2 769

3

-



1972

#6 (mm)

P

116
146
170

47

120

111

1205

240

127

185

114

185

DZouwpugRpmy

Tot 1766 1135

Q

27
18
20
18-
231
205

141

146

88 -

117

64

60

. P00
109 12
128 7
157 7
43 8
124 364
122 213
215 . 131
251 128
135 76
186 131
110 51
38 4o
1748 1168

#7va

&

1973
#6(mm)
P Q

97 63
105 42
86 : 46
135 110
148 312
171 196
211 186
152 131
131 115
156 115
118 68
285 70

1795 1454

@

47

97
106
79

129
138
172
192
160
160
153
120
280

1786

52

15
26
25

101

353
155
129
65
68
76

45

46

1104
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Turkey Lakes Watershed: 60 km. north of Sault

o : Ste. Marie, Ontario
Comprised of: ‘ 20 sub-watersheds
Total argg: B ' 11.1 km? ‘o
. Basins used: , #31 34 39 47 49 z .
Area: - . Areas (km ): 31(.06)

' ‘ 34(.63) 39(. 17) 47(.04) -
49( 19)
Location: ' - 479 03 N Lat.
‘ 84° 25' W Long

General -Aspect: " North
Elevation range: 244 to 644 m.a.s.l.
Vegetation: : : ggéhshLakesrst.
= ‘ Lawrence Lowland Forest

Region (Rowe 1972):
. sugar maple, yellow
: ; birch, white spruce,
. | K whdte pine.
Soils/geology: - Stony, basal till
' underlies. surficial

till; soils
predominantly Orthic -
Humo-Ferric Podzols.

DATA,SUMMARY I: Entire Basin

1981 1982 , 1983 © 1984
P Q ’ P - Q P Q .+ P Q
18 '19 71 24 44 55 7 125 26°
58 20 47 16 31 17 e 37 25
94 72 92. 18 #43 66 41 29
75 270 88 175 - 95 153 - 48 201
71 73 19 218 140 124 52 91
306 168 51 15 50 72 106 19
32 32 74 9 . 89 13 . 113 19
92 13 - 94 5 75 7. .95 14 -
52 6 139 41 160 12 . 175 34
136 26 170 165 161 75 - . 149 81
45 30 73 - 129 121 73 144 150

ToZouPUURP XMy

85 24 { 121 85 141 54 . 143 96

Tot* 1064 753 ”1039H900 _ 1150 721 1228 785

.
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é;urkevaakes Watershed-

' DATA SUMMARY II: Individual Basin #3i’

TpZoLMUURPRMY

P

18
58
94
75
71
. 306
32
92
52
136
45
85

-

TOT 1064

.lo81

OAHFHRFPOWUMFWOOQOO

Q

223

3 .
46

1982

P 0
71 8
47 2
92 23
88 157
19 78
51 ° 4
74 3
94 1
139 21
170 99
73 70
121 46

3
103

9 512

Turkey Lakes Watershed

OB LG R,

ks
g
Sy

e

DATA SUMMARY III: Individual Basin #34

P .

18
58
94
75
71
. 306
32
.92
\‘, 52-
136
b 45
85

TOT'1064?
s

A
R
R o

ot
.

KRt
%32

P

Q Q
5 71 42
24 47 50
112 92 54
189 88 279
51 19 143
147 51 10
25 74 6
9 .94 3
2 139 42
22 170 135
24 73 - 94
22 121 79
L s ) [ 4

1039 937

1983

P

44
.31
. 43

95

140
50° |
89 -

EN
160

161
121
141

1150

P Q
44 20 -
31 5 -
43 * 41
95° 100
140 54
50 23
89 4
75 2

- 160 5
161 39
121 42
141 13
1150 348

Q
41
28
85

96

T 46

11
4
9
69
75
35

655.

156

1984

P

125
S

41

48
52
106

“113

95 -

175

149
144
143

»

1228 .

P

125

©.37

41"
48
52
106
113
95
175
149
144

143

1228

54

Qb

,7'

16

13

135
39"
8
7
3

22
46

79

45

420

19
40
27

203

70
17
39 °

37
79
107
86

733



DATA SUMMARY IV: Individual Basin- #39

»

——

1982

*

55

1981 1983 : 1984
P QP Q P  .Q P Q
J 18 o 71 0 44 0 - 125 < 5
F 58 0 47 0 31 . 0 37 6
"N 94 0 92 0 43 65 41 9
A 75 235 88 140 95 142 48 204
M 71 48 19 195 140 109 52 61
J . 306 a§44 51 2 50 37 106 4
J 32 - 16 74 0 89 . ‘1° 113 '3
A 92 2 94 - 0 75 1 95 1
S 52 0 139 21 160 1 175 28
O 136 10 170 124 161 62 149 74
N 45  » 27 - 73 82 121 50 144 100
D 85 0 2 57 141 17 143" - 42
. o K _ @ e
TOT 1064 482 1039 . 621 1150 485 1228 537
e , g
: c . %
Turkey Lafes Watershed :
DATA SUMMARY V: -Individual bagin #47
1982 1983 1984
Q P - P Q P Q
I 0 71 6 44 9 = 125 9
*F 0 47 2 31 -2 37 14
M 94 0 92 9 43 40 41 8
A 75 0 88 151 95 148 48" 187
M 71 57 - 19 158 140 98 52 . 38
J 306 145 51 1 50 17 106 . 6
T 32 0 7 74 5 89 - 2 . 113 9
AT 92, 7 94 1 75 0 95 - 3.
8 52 0 ' 139 37 .. 160 .8 175 49
0 136>, 42 170 99 161 - 62 149 71
N 457 "33 73 72. 121 . 36 144 80
D 85 10 121 49 141 8 143 27
. , |
TOT 1064 301 1039 ~ 590 1150 430 1228 501



56
,Turkevaakes Watershed

DATA SUMMARY VI: Individual Basin #49

» o RS

1981 1982 | 1983 -~ 1984
. P ,a Q P . Q? . P Q - P . Q.
J 18 6 71 10 .44 18 125 12
F 58 0 47 9 + 31 10 37 23
M 94 0 92 . 29 43" 51 41 20
A 75 190 88 224 95 .45 a8 188
M 71 55 19 151 140 = 111 -* 52 52
J 306 108 51 6 50 28 - .106 14
J 32 7 74 5 89 . 6 - 113 17
A 92 21 94 . 4 75 43 . 95 \wyef_
s 52 1 139 54. - 160 36 175 66
0 136 43 170 99 161 76 149 72
N 45 . 32 73 124 121 46 144 95
D 85 = 12 121 53" 141 14 143 48
TOT 1064 475 1039 768 1150 584 1228 619
V4
gt %
.
%, ’
& N \.'
- * a
n
L 3 -
P



PROV

One

gne

One

“af

-

"WATERSHED

YEAR STREAMFLOW(P)

Nashwaak (N B.)

Hayden Br

ook

,Narrows Mtn.

" APPENDIX TWO: . )
(Actual (A) and Predict
_ Streamflow ‘Summary)

Baasln des Eaux Volees (Que.)

% Ba551n 6

Bass}n 7a
¢ -

¢ (entire)

Turkey ‘Lakes

- (aspects-

unified)

(entl@
 (dspectie-

1/3-2/3" dlv')

" Sub-basin

Sub-basin

Sub-basin
Sub~basin
¥ Sub-basin
S.B. 31
‘5.B. 34
- S.B. 39
" 8.B. 47,
.. S.B

31
34

39

47
49

L2

(mm)
1975 597
1976 910
- 1977 T a6
1975 597
1976 910
1977 736
1970 1036
1971 1026
1972 1277
1978 1307 -
1970 950
1971 918
1972 1207
1973 1242
(Ont.) .
1981 - 618~ -
1982 596,
1983 - 705
1984 784
1981 552
1982 - 545
1983« - 581
1984, 718
1981 520
1981 574
1981 588
1981 . 574
-J981 574.
.. 1982 T 496
©1982 549 .
. 1982 565.
1982 549
© 549

.49,

©1682"

71

. eyl

1

ed-(P)?

-

-STREAMFLOW(A)

(mm)

649
1140

884 °

677
1038
791

970
893
1135

1454

929
769

1168
1104

753
900

721

753

900

.721
~785

223

632 -
482 .

301°

475

C511
937 i
621

590

768

785 .

/.‘ .



’
S.Bf 31 1983 607 . 348
S.B. 34 ' 1983 : 661 - -+ 655
S.B. 39 1983 . 67% - < 485
S.B. 47 . 1983 661 - 430
S.B. 49 1983 . 661 . 584
S.B. 31 . 1984 686 420
S.B. 34 1984 ‘740 733
S.B. 39 1984 754 . 537
S.B. 47 1984 740 - 501
S.B. 49 1984 , . 740 619
FOUR -
- Marmot Ck. (AB) .
(AB Env.Data) 1974 541 , 498 -
) 1975 . 425 343
A : 1976 335 . 470
v R 1977 : 3§§; , - 285
1978 - 367 ‘ 424
1979 - 216 262
f 1980 837 " 415
R » .' ) o * c ) . ) @
(Marmot Data) 1978 3390 W 434
o 1979 - . 197 261
Y 1980 ' 475 415
(Confluence 5) 1978 102 424
: 1979 82 . ) 261
1980 * 341 ¢ - 415
Spring Ck..(AB) 1980 ., 79 41
' ' 1981 S =99 . . .. .38
11982 228 - - 51
TricCks (AB) T 1974 - 128 . 259
- 1975 105 , 125
5 (Four) , 1976 T 434 189
o o 1974, 0 227 4+ 7. 259
(six) - 1975 . . . 217 , 125
o . ' 1976 = . . -512 - 188
¢ - .As .Prov. 4 o, ' o r _ . o
_ (snow course/ ;_1974.&.“, .. 407 T 7 ‘:‘ 259
- rain g./sacr.) 1975 " ° 167 - -+ 124
S o 71976 ..835- .. - .189



As Prov. 6 - 1974

- 73

471 259
‘(snow course/ 1975 1269 125 .>
rain g./sacr.) '1976 581 188
(Indiv.Basins) :
(Deerlick) 19%4 178 313
1975 140 153
1976 353 223
(Eunice)® 1974 237 212
“1975 194 107
N 1976 370 150
(Wampus) 1974 193 259
: 1275 . 158 124 ©
1976 363 © 189
. - ) .
FIVE . :
"Watershed C (BC) . ‘ ‘
. S - 1980 2053 2251
© 1981 . 2092 2170
» 1982 2070 2132
1983 2102 2135
Jamieson Ck. (BC) . o
" (UBC Report °© 1975 3303 3709
Ppt.Data) 1976 2434 2880
SR 1977 3048 2517
. Co b
.~ (6 Stn. Ppt. 1975 - 3571 3709
. Avg.) - 1976 2477 2880
RS G 1977 3296 2517
Carnation Ck.(B.C.) - ' A
(Stn Aa) 1974 . 2786, 3499
e . <7 1975 . ¢ 2725 3460
: ;1976 ° 2134 2394 )
. A , = ' .
(CaxrnCk.CDF) 1972 2377 3011
: R © 1973 2477 2738
. 1976 2090 2394
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PROVINCE ONE
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APFENDIX 3:

Predicted Versus Actual Streamflow Region: 1
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PROVINCE FOUR

Annual Qp vs Qo -
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- Fig. 6 "Prgdict:ed %vef'si;{s‘ ‘Actuali‘ St:_ream_fldw “Reg‘ion: 6
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PROVINCE SIX .
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,;;‘  APPENDIX 4: Ratios of Predicted to Actual =~
: S * 'Streamflow_Raﬂﬁaf of Qp/Qa o

& L ]
:_Qyégend:‘

100 (DIFFERENCE) ‘= 1-(Qp/Qa) = : o
e -'q N - ....:" . - - :

10%
10 - 20% >
20 - 30%

30%

. VERY GOOD: DIFFERENCE
S, G00D: . . DIFFERENCE

2 FAIR: - = DIFFERENCE
POOR: DIFFERENCE

IV I A

P

‘-:‘i.
)3

" PROV BASIN ' RATIO Qp/Qa  PRECISION

- ,Hayden. Brook: . 284 GOOD
Narrows Mtn.. - fpggl VERY GOOD:

E

. : . , %& RANKING
 ONE ' Nashwaak, N.B. ’ f,i | ' o
S . ' . L .

BASIN MEAN > .0.88 ' GOOD

Bassin des RN

- Eaux Volees,Que.

]

- Bassin 6 - T . 1.06 - VERY GOOD
Bassin 7a - o :1.09 " VERY GOOD
BASIN MEAN -~ . ° 1.08 VERY GOOD
Turkey Lakes,ont. - |
- Entire(Aspects o B R o
unified) . - 0.87 A GOOD
. Entire(Aspects: CL >

divided) . 0477 ~ FAIR

"N‘L.T. 0y o
Indiv¥dual

basins:’ i . o \
: o #31 L ' ' ©1.23° . FAIR
s #4340 ' 0.88 - . GOOD .
. #3900 1.11 i} © GOOD.
S K47 -~ 1.42 " POOR =~
449 . 1.06 - ;--:zfy GOOD
BASIN MEAN " - = = .'1.13 L . .dooD -



we

FOUR Marmot, AB | 3 e
. Alta.Env.Meth. 1.03 VERY GOOD | "~
‘ 4 Stn.Avg. 0.90 VERY ‘GOOD -
BASIN MEAN 0.99 VERY GOOR"
TriCreeks, AB . - -
-Entire(Sacram) 1.21 GOOD
"Entire (Mixed) 1.92 GOOD y
'Indiv.Basins Wt “b o
Deerlick 1.02 VERY GOOD
Eunice .87 .POOR
Wampus "1.36 POOR
BASIN MEAN - 1.46 POOR
FIVE Carnation Ck BC — :
| Stn. A 0.93 GOOD
CDF - 0.86 GOOD
BASIN MEAN 0.84 GOOD
‘Jamieson Ck BC S e
UBC Report . 0.98 VERY GOOD
6 Stn. Avg. 1.04 VERY GOOD
.. BASIN' MEAN 0:98, VERY GOOD
_ Wgtershed c B SRR :
Entire 0.96 VERY GOOD
BASIN MEAN 0.96 VERY GOOD
SIX Camp Ck BC
. Entire . 3 2.59 POOR
BASIN MEAN . 2.59 POOR
.Tragg;nglcg BC :  -
"ﬁntire“ ' g.61 POOR
BASIN MEAN 0.61 POOR SR
3 Sta . x 'g “\ l" ’ ‘- . l " &i ]
Entire 3.37 POOR L
& "7 BASIN MEAN - 3.37 POOR



