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CHAPTER 18

Technol ogi cal Advances

| NTRODUCT1 ON

The conbi ned efforts of the hydrol ogi st and net eorol ogi st have contri buted
to advances in the techniques of sinulating the hydrol ogical cycle within the
kanagan Basin. Such simulations are particularly difficult in this sem arid
portion of the Province where average evaporation |osses fromthe main valley
| akes are approximately equal to the average net runoff.

The rel ated probl em of vegetati on managenent has been briefly studied
with respect to forest hydrol ogy but the extension of these studies to include
detail ed weather forecasting as well as weather nodification have not been
attenpt ed.

Because of the inportance of these various subjects to water nmanagenent
they are briefly discussed bel ow

18.2 Seasonal Volunetric Forecasts

Over the last 35 years inflow forecast procedures have been devel oped by
the British Col unbi a Resources Service for many of the mgjor river basins in
British Col unbi a.

The original sinple correlations of snow water content versus inflow for
the April to July period to Okanagan Lake have been refined through the use of
the conputer to include other hydrol ogi cal data. The independent vari ables
can be classified into three categories nanely factors having an influence on
the dependent variable (inflow) prior to the start of the snow accumnul ati on
period in January, those during the accurul ati on period which normally ends
about April 1 and finally, the unpredictabl e subsequent weather pattern. Only
the first two are known at the start of the runoff period and inflow forecasts
are nmade on the assunption that the ensuing weather during the nelt period
will be normal. Variations of this carried out in the United States provides
a range of inflows based on climatic probabilities.

This type of approach has been used to a limted extent in Canada where a
certain historic weather pattern is assuned to occur and the nornal forecast
nodi fi ed accordingly using a daily water budget nodel. The foll ow ng
conclusions are made with respect to a forecasting water budget nodel in
Chapter 10 of Technical Supplenent Il - Water Quantity Conputer Mbdels.



"The weather pattern after March 1 can, in extrene conditions, increase
the runoff by over 100 percent or decrease the runoff by some 30 to 40 percent.
These extrenes have a recurrence interval of about one in 100 years. These
| arge i nherent forecast errors can be given bounds and can be recogni zed as the
true uncertainties under which the systemis being operated. The uncertainty of
forecast decreases appreciably as the nelt season progresses and the outcone of
the operation of the systemcan be nore certain. The forecasts can be used in
conjunction with some | ake operating schene such as that proposed in the
following Chapter to minimze the damage resulting fromeither floods or
droughts. ™

The conput er nodel achieves a water bal ance through the season and i n-
di cates how nuch water is going to fast runoff, groundwater base flow, soi
noi sture and eventual evapotranspiration, and | ake storage. The cal cul ations
show that the runoff from sumrer rain is very much a function of the residua
snowpack. Rain on snow results in runoff, whereas rain on soil usually gives a
smal |l or zero runoff contribution

The initial soil noisture deficit can be estinmated by running the nodel
through the winter period. This estimte of soil noisture deficit can then be
upgraded after the first few weeks of early runoff data are available. The
variability of soil noisture deficit is from41l kaf to 219 kaf for the region
above 4,000 feet. Below 4,000 feet there is a huge deficit which is generally
never satisfied. Certainly the catchment bel ow 4,000 feet contributes only
snmal | ampounts to basin runoff and this contribution appears to cone from areas
which are effectively inpervious and not subject to a water bal ance.

Anot her problem area at present is a systematic over-reduction fromlate
nelt-season rain. This error may be due to over-estimates of rain by the cur-
rently used neteorol ogical stations. Such an error nay be either in anpunt or
in areal distribution. 1t can be corrected by a fairly constant decrease of
rain, either in amount or contributing area. The reconstitutions illustrated
show a small error for seasonal vol unmes because the seasonal vol unes are
brought nore into line by adjusting the initial soil noisture deficit, the
average adjustnment being 101 kaf. Therefore, a better estinmate of volunme error
is given by the unexplained variation in the initial soil noisture deficit."

The foregoing illustrates the conplexities of the hydrol ogy of the kana-
gan Basin and the difficulties that have been experienced in "tuning in" a
nodel which will simulate historic conditions over a nunber of years.

Thr ough the devel opnent of the above nentioned nodel as well as a Budget -
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i ng Hydrol ogic Mbdel (Chapter 9 - Technical Supplement 2) the state of the
art has been advanced and it is evident there is a need for better soi

noi sture data as well as actual evaporation (including transpiration). A
third requirenent of particular interest to water nanagenent woul d be
detail ed weat her forecasts of tenperature and precipitation particularly for
the higher elevation areas of the Basin.

VECGETATI ON MANAGEMENT

The kanagan Basin Study has been linited to the effect of various
forest harvesting cycles on the runoff of Pearson and Tree Farm Li cence #9
Area (includes Terrace, Shorts, and Whiteman Creeks) under present operationa
procedures. A related study of water quality in a devel oped basin (Kel owna
Creek) and a relatively undevel oped tributary (Lanmbly Creek) is inconclusive
and this is probably due to the lack of sensitivity of the tributary water
guantity nodel.

The pilot studies in tributary streans enphasize the need for nore
sensitive nodelling which hopefully can be realized in the future through the
i mproved nonitoring systemnow in operation or planned.

Wth better water quantity and quality nodelling it will be possible to
assess the affect of alternate nmethods of forest harvesting. A related pro-
blemis the recormendati on contained in the Final Report to establish green
belts in the selected areas of the Basin to reduce nutrient |oadings from
er osi on.

WEATHER MODI FI CATI ONS

An ability to nodify clouds by the artificial addition of freezing
nucl ei upon which cloud particles can grow has been denonstrated in
control |l ed experinents involving individual clouds. Although there is not
general agreenment as to the effectiveness of various field efforts, area
experinents in sone regi ons appear to have produced increases in
precipitation of 10 to 20 percent at an acceptable |l evel of statistica
significance but in other places no significant increase and even decreases
have been reported.

Techni ques differ but often involve silver iodide crystals generated at
ground | evel and allowed to diffuse naturally to cloud |level. Success
depends upon noisture and tenperature levels within the clouds. Another
approach invol ves seeding fromaircraft using crushed dry-ice, silver iodide
or sonme other material. Individual instability cells (cumulus clouds) nmay be
targeted but it is nore common to nake a nore general application to fronta
cl ouds.



In the Ckanagan the annual peak of the precipitation curve normally
fans in Decenber or January as a result of frontal activity involving
Pacific air masses aloft, although it is closely followed by June
precipitation whi ch has a heavier instability conponent. Thus,
augrmenting the wi nter snowpack, and thereby snownelt runoff, by seeding
frontal clouds would appear to be the approach nost likely to increase
wat er supply by precipitation enhancenent.

Apart fromthe meteorol ogi cal and technical problens associated with
t he devel opnent of weat her nodification schenes there are economc
ecol ogical, social and legal limtations to the inplenentation of specific
prograns. Cost-benefit considerations nust be applied not only to the
operation itself but to the potential costs to one formof |and use or
activity in ternms of the benefits to sone other sector. Aninals and
vegetation could be effected if normal patterns were significantly altered.
Ef fects on recreational uses of land and on use of private property in
seeded areas would require consideration

In nmany of the areas nentioned above one can conceive of benefits as
wel | as disbenefits and it is likely that each proposal would require an in-
dependent investigation. |n general one woul d expect weather nodification
projects to operate under strong sanctions agai nst the aggravation of
extrenmes and therefore the prinmary effect would be to increase precipitation
in dry years and to with-hold effort during wet years. A few abnormal
nonths late in the season coul d nake such a target difficult to achieve in
sone cases.

At this point one nust consider weather nodification to increase pre-
cipitation as a techni que having sone potential but bring primarily in the
experimental stage. Undoubtedly pressures will increase toward managi ng
at nospheric water resources in this way as demand for water grows.



