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Introduction

In hydrolagy most of the underiyving shysical processss are extremsly complex, and
continually wavying wilth time and Frmm ong place to apother. Thus, although an underatand-
ing of ths physical procsssse is nacsssary, applisd or enginsering hydrolegy is lergely
smpirical in neture and is probably bast corsidered zs ths mansgemant of information, The
design of hydrologic data collsction networks should therafers bs aporasshed with the
guestione: What informstion do we need? and wWhat is the wost sfficient method of obtaining
it?

Une of the basic difficuities in menaging hydrolegis information is that thers are
differsnt types of hydrologis defae which ars rot dirvsctly cowparable, For instance, at
snow couress measuremants ares mads of the accumuizisd snow at spescific points, at specific
times, whersas sirsanflow dﬁtﬁ ig usually recorded continuously and it intsgretes the ine
formation on runoff from whole drainage hesins, In theory ons typs of data should comples~-
ment another but in practice it has been difficult to make full use of different kinds of
data, for guentitative purposss.

A naw methsd {or simultansously using metecrslogicsl and streamflow dets to ssti-
mate the distribution of mean annual runeff ovsr large areas has racently besen developed
by Scloman et, al. (1) ond apolisd in Castern Canade, The technigue, referred to as the
grid squers method, represents ons very promising tonl for the menagement of hyvdrologic
information, This papser prasents h@ resulte of a study (2) mads to check on the applica=
bility of the tachnigue to an area in British Columbiz, and extend Lt to make use of snow
courss data in addition to metan a&@gmcag and streamfliow data,

The grid sguars method

The grid sguare me*hv’ is somewhal analogous to finits element methods in structur-
al engineering., The drasinage esresa is broken up intn 2 numbser of sguares and physisgraphic
parameters such as mean sle uatlan, distance frowm the sas, stc., are determined for each
squars and for sach meisorsioglical station, Mean ammual precipitziion and tamperaturs are
correlated with the physiasgraphic parameters using stepwise multinle regression and from
the resulting regression equations valuss are computed for each souars, Mesan annual
evaporation from sach sousrs is next somputed by Turels formulas (1,
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Where  L{t) = 300 + 25t + 0,059

#

£ = Actual ennual svaporation {mm,}
£ = Annual precipitation {mm, )
t = Wean amnual temoerature (°0)

Runoff from each square is sbtained by subtracting the computed sveperation from the pre-
cipitation and total basin runoff is then sbisined by summing the tunoff from all ths
constituent sqguarves (and pertial squarss). If ths computed zunaff disagrses with ths re-
corded runoff tha precipitation in all squasres is adjusted by & Ffactor te givs the correct
tatal runeff (sssuming the svagporation remaine unchanged). A new set of regressieon egua-
tions is derived using both the originmal metescrologicel dete and the adjus%gd precipita~
tion for each square. from thess sguations new sstimatss of precipitation are made for

gach square and tha whole process is repsstsd until the computed end recorded runoff values
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agres to within some specified tolerence. The process usually converges within s few iter-
ations and the final resulte provide estimates of average annual precipitation, tempera-
turs, svaporation and runoff for each square in the basin thus providing data on the areal
variation of thsse parameters,

The usefulness of the method obviously hinges on the accuracy of Turc's formula
and on how well the staticns define the pattern of precipitation over the basin. In the
iteratiun process the statistical independence of the data is lost and standard statistical
tests cannot be aspplied. The results can therefore only be rigorously checked by comparisen
with independent deta from sub basins i,e., data which has not 5esn used in the computa-
tions, Howsver, indications of the accuracy of the assumptisns sbout evaporation and pre-
cipitation can be obtained from the first sstimats of runoff and this was the method used
gince indspendent data was scarce,

The study area

The South Thompson River Basin shown in Fig. 1 was used as the study areas since the
grid sguare method had alrsady been applied to this bssin (4) and the data were available.
it is also one of the few areas in British Columbia where there are sufficient meteorolo-
gic and hydrologic data for a meaningful study., The basin has an area of 6,350 square
miles and it is divided inte squares by a 10 kilometer grid, There are 212 squares come
pletely or partially within the drainage basin and a total of 37 precipitation stations,

15 within the basin and 22 around the periphery; of these 28 also have adequatas tempera-
ture records, There are 4 stream gaugss which were operable during 1956-66, the 10 year
base period selectsd for ths study,

Physiographic parameters used were: mean elevation, dstermined by averaging the
elevations at the corners, the intermediate 5 kilometer points and the centre; land slope,
determined by Horton's method of counting ths contour lines crossing the Naorth South and
East West centre lines of each square; distance to main moisture barrier, determined as
the distance in a Scuth West direction (the direction of predominant moisture inflow) to
a Lline drawn through the centre of the Coast and Mountains; latitude, takan as the dis-
tance from the U, S. border; and shield effect, determined by summing the average barrier
heights for 28 miles, again in a South West direction.

Stepwise regression was used and only those parameters significant at the 1% level
were ratained in any squation, axcept that in a few runs elevation was considered to be
important and was retained in all equations regardless of its statistical significance,

Evaporation

Turc's formula is empirical, but widely used and mors convenient for sstimating
average annual actual svaporatien than any other methed. An attempt wss made ts check
directly on its applicability to the interior of British Columbia but due te the ruggsd
topography and scarcity of data it was not possible to estimate actual evaporation over
any representative drainage area or esven at any cne point with sufficient accuracy. Since
the anly othsr suitable msthod appeared to bz Thornthwaite's (5) the two were compared by
trying both in the grid square maethod and comparing the results. The comparison was based
on the first estimate of runmoff since otherwise the iteration process would have destroyed
the basis of comparison,

Since Thornthwaite's method involves water balance computations on a monthly bassis,
regression equations relating temperature and precipitation to the physiographic parameters
had toc be computed for sach month.

A typical equation is

PJ = 5,4 - 0,047D8 + ,0001808%2 - 0,000038L°2

where PJ = Brecipitetion in January
DB = Distance to Barrier } .
. = Distance toc U. S, Border ) In Kilometers

The formulae and procedure feor the computation of evaporation for each sguare were those
given by Cavadias (6). Several valuses for the soil moisture storage cepacity were tried
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but zince it was found that results wsre insensitive to the actual value az standard value
of 14" was used, The results of the comparison are given in Table 1,

Table 1, Comparison of first estimates of runoff

Turc®s Thornthwaite

Rivar Drainage arsa Recorded Est, % Est, %
; fiow (cfs) Flow Diff.  flow Diff.
Shuswap 776 18400 1940 + 7,8 1262 =29, 2
Shuswap 784 ; 1090 ; 1548  +42.0 930 L = 9,2
Adams 1156 2560 3281 +38,2 2612 + 2.0
5. Thompson 3634 5250 7063 +34,6 4633 -11.8
TOTAL 6350 10700 43834 +29,2 9498 -11,2

‘The above table shows that Thornthwaite's method of estimating eveporation gives a better
first estimate of runoff than Turc's formula although, a contributing factor could have
been that, with the former, computations were made on a manthly rather than an annual
basis. There is svidence from another study in the Stuart Basin in North Cemtral British
Columbia (7) that 'there are quits different patterns of precipitation in summer and winter,
iIf this is also true in ths S. Thompson basin then an annual basis may be inhersntly un=
satisfactory.

in the calculations the variables retained in the ragrassion equation ware those
which were significant at the 1% level all others being rejected, Since in many cases ele-
vation was net retained a new set of equations was derived in which elevation was always
included regardiess of its statistical significance., The corresponding first estimate of
runoff again using the Thornthwaite evaporation formulae, indicated discrepancies of the
game order as before but this time the runoff, and hence the precipitation; valuss were
overestimated. The influence of elevation on precipitation is therefore very significant,

Use of snow course data

In British Columbia most meteorologicel stations are located in the valleys and
the South Thompsen basin, with all stations below Elev, 4100, is no exception, Snow
courses, on the other hand, are nearly all located at higher elevations and in the South
Thompson basin all ars at slevations above 6000 feet. Since the runoff per unit area is
greater at the highesr elevations, the snow courses ebviously provide valuable information
on the pracipitation distribution,

Before ‘attempting to incorporate snow course data, available snow pillow data
were sxamined and an attempt was made to develop a relationship between snowmelt before
April 1 and mean monthly temperatures for use with ths snow course readings in computing
total winter precipitation at the snow courses. The snow pillows are at Barkerville to
the North and Blackwall to the Swuth of the study area. It was found that the amount of
winter melt was very small and that the April 1 water eguivalent gave an estimate of the
Nevember to March precipitatiesn good enough for all practiceal purposes.

Next several attempts were made to "scale up" the snow course data to obtain esti-
matss of total annual precipitation at the snow course sites but these all proved unsuc«:
cessful,

Finally, the snow course data were taken to represent the November to March total
precipitation at the snow course sites and used tegether with data from the meteorclogic
stations to establish a regression eguation relating total winter precipitation to the
physiographic parameters, Evaporation was assumad to be negligible during this period. for
the remainder of the year monthly data from the meteorolegical stations wers used and the
runeff computed {using the Thornthwaite formulae te compute evaporation) as outlined in the
previeus section. The following results were obtainad.

The following results give sstimates similsr to, although slightly inferior to,
those in Table 1, Other results, almost but not guits, as good wers obtained by treating
the November to March peried as a unit but net using the snow course data to supplement
the prscipitation data.
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able 2., First Estimats of Runoff

B

River Drainags Arsa Recorded flow Estimated flow Difference
(square miles) c,f.s. c.f.8.

Shuswap 776 18G0 1748 - 2.9

Shuswap 784 1090 1361 +24,9

Adams 1156 2560 2852 +11.4

S. Thompson 3634 5250 6142 +17.0

TOTAL 6350 10700 12103 +13.1

All estimates could have bsen improved by iteration and this would normally have
been the next step; but there would then have besn no basis for comparison batween alter-
natives, However, snow course data would provide geod, high elevation "anchor" information
which would be very valuable in the iteration process,

Conclusions

The study showed that better first sstimates of runoff could be obtained with
Thornthwaite's methed of estimating evaporation than with Turc's formula thus indicating
greater accuracy with Thornthwaite's method. Howevar, part of the apparent disadvantage
of Turc's Fformula may be dus to the fact that it was used with estimates of annual precip-
itation which may have no single coherent pattern but two different patterns, osne for sum-
mer and another in winter, It may be possible to modify the coefficients in Turc’s formula
to give good seasenal estimates of evaporation,

The study indicated that snow course data could be used together with metsorslogi-
cal data in deriving a regression equation for precipitation for the period November to
March, On the bhasis of the first estimate of runoff inclusion of the snow course data did
not significantly change the results but it is belisved that in the iteration process use
of this data would have a useful stabilizing influence,

In summary thers are indications that the grid square method in its original form
is not completely satisfactory for the interior of British Columbia but it can be improved
by substituting the Thornthwaite method of computing evaporation for Turc's methoed (or
possibly modifying the constants in Turc's formula) and by using snow course data to sup-
plement precipitation data for the winter period Novembasr to May,
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