FRATRIE FROVINCES WATER BOARD

WATER DEFICIENCY AND SURFPLUS PATTERNS

IN THE PRAIRIE PROVIKCES

by A. H. Laycock

Campiled for the Prairie Provinces

Water Board by the Hydrology Division,

Prairlie Farm Rehabilitation Administration
March, 1967 Regina, Saskatchewan

REPCRT NO. 13



C W W e

TABLE OF CORTENTS

PART 1. WATER DEFICIT PATTERNS

Chapter Page Mo,
Itmm OFWMO " SA s SrvyanuEEERRanN 00.6!0-.0.0--:000--..-. (i)

Lcmoms Gav‘ﬂlﬁt.‘ttl...0.016..6"l...l.l.!l‘llll.... (ii)

IQ I.NTRODUCTION ctvaao-'ocaltouoo.lonsoo-a-aouo--............... 1
Ii. PREVIOUS STUDIES .....ovvvennnns te40evre-aetasrnnreransansas 2
III. THE mmME6--oo.-sc-uoonoo-tvovooooioc1000|o--ca..aq. 5
IV, WATER DEFICIT PATTERNS IN THE PRAIRIE PROVINCES trasrvvareras 12
Thomtrhwaitfo Pl'OcadurO ¢t rrmssanmy 4tccanestr it mINtransbrng 12
Averags Precipitation 1921-1950 Peeeve ettt a et b ana,aa - 12
Average Potentisl Kvapotranspiration 19211950 ...vuvunn.. . 14
Average Deficit 1921.1950 (4™ storaga capacity) ....... - 15
Maximum Deficit 1921-1950¢ (4™ storsge capaeity) ..iiannn... 17
Ninimum Deficit 1921-1950 (¥ storage capadity) s..eveen.., 1?7
Madian Deficit 1921-1950 (u» storage capacity) ,,......... 18
Molsture Deficit, Lower Quartile 1921-1950
{4 storage CAPACItY) teitiiiiiiinrriny i, berenaaes . 18
Moipture Deficit, Upper Quartile 1921-1950
(4® storage capacity) .......... R M m e e A 19
Deficit 1927 (4" storage capacity) ....... N e s s 20
Deficit 1936 (4* storage capacity) sevievevn..... P 20
Deficit 1944 (4" storage capacity) .u......... R —— 21
Deficil 1950 (& storags capacity} .vv.ivevinrvannnneen.. . 21
Average Deficit 1921-1950 (4" storage capac ty) eavnnna.... 22
Average Deficit 1921-1950 (12® storage capacity) ........ .e 23
Percentage of Years with over 8" Daficit 1921.1950
storage capacity) eu.vveencovannann.. LT LT Y — 24
Percentuge of Years with over 6" Deficit 19221950
(¥ storage capacity) veu....... b mim o m s e veeraaa . mn 2y
Percentage of Tears with over 8% Deficit 1921195
(12" storage capacilty) seeeeeveesoev..... . . 25
Percentage of Years with no Defieit 1921-1950
(12" storage capacity) ........ 30w ke rmya s coa 26

Average Deficit for Alfslfa: May-September, 1921-1950
(3%, um, 8% ,ng 10w storage capacity) .....v.00nvnnnn.. ‘e 27



- 2 - Page No,
Avorage Deficit for Wheat: June-August, 19211950

(4%, 2%, 4™, and 3" storage capacily) evveenseancescenrcons 28
Average Deficit in May, 1921.1950 {3* storage capscity) .... 28
Average Deficit in Junas, 1921-50 (2% storage capacity) ..... 29
Averags Deficit in July, 1921-51 (6™ » L T 29
Aversge Deficit in May, June and July, 1921-1350

(4%, 2" and 6™ storage capaCily) eecrsreccssnnans Assacanes 29

'R WATER DEFICIT PATTERNS IN THE PRAIRIE PROVINCES ......... sveae 30
Lowry~Johnson, Blaney-Lriddle ProcediIes eeceassraancroosans 30
Average Consumptive Uze:t May=September, 1921-1950

(Lowry=Jdohnson} e.ocecarcacs T N P 30
Average Moisture Deficit 192121950 (Lowry=Johnson) ..eeev... 30
Average Moisture Deficit 1921-1950 (Iowry-Johnson)

(Less slorage on May 1, U™ storage capacity) ............. kil
Avarsge Consumptive Use, Alfalfas May-September, .

1921-1950 (BLanEY=CIAdd1e) «.coeaeverroseesnrsonnnnnnnn 31
Average Consumptive Use, Wheat: June-August, 1921-1950,

(Blaneyucriddle) 4P P U CeACAUOENEO0SEIACO ORI IO EPIunanaa ana 32
Average Soil Molsture Deficit for Alfalfa: May-September,

1321-1950 {Blaney-Criddle) {less siorage on May 1, UM

st.orage cspaCity 048000 0BARNEnRabOobhanNassosetanssstnnonssa 32
Aveorage Soil Moisture Deficit for Wheat: June-dugust,

1923.1950 (Blaney-Criddle) (Less storage on June 1,

W plorage capacitiy) vornesccocnconasocarecoranressesnnnna 33

PART II. WATER SURPLUS PATTERNS

VI. INTRODUCTION cuvcocosonnmoosnnossnsonsansnnn Cernas ereea 3

VII. WATER SURPLUS PATTERNS IN THE PRAIRIE PROVINCES ...cvenceens, 35

Average Surplus, 1921.-1950 (4" storage capacity) .ee.evv... 36

Maximum Surplus, 1921.-1950 {&* storage capacity) .vuee..... 38

Minimum Surplus, 1921-1950 (4" storsge capecity) .......... 39

Surplus 1927 (4* storage oapacity) ..... o Bow R —_— 39

Surplus 1936 (4" storage capacity) secesvernavsecanoessvnns 80

Median Surplus, 1921.1950 (4™ storage capacity) ..vuvueese. 40
Moisture Surplus,

Upper Quartile 19211950 {4® storage capacity) ....... cee 41

Moisture Surplus,
Lowe‘r Quartile 1921='1950 (M Stol'ﬂge capacity) Catssnnnans u’l



-3 a Paye Ro,

Average Surplus, 1921.1950 (12% storags capecity) ......... 2
Average Surplus, 1621.1950 (%' storage capacity§ sssavaines L2
Moisture Surplus,

Upper Quartile 1921-1950 (4® storage oapacity) ........ s 43
Moisture Surplus,
Lower Quartile 19211950 {3* storage CaPACItY) veveinnnn. 43
Seazonal Water Surpluses 1921=1950 4eieienetirnvrsannonnnna Ly
VIIXI. APPLICATIONS OF WATER BALANCE STUDIES R R R S A 48
d. Introduction ........... e Nna P AP 48
2, Climgtic Classification ........ Cheetieeiiraaneeaa casess hg
3. surfmﬁ w&tgr swply CSasvevvan 4oV eAR P VIR aneua ttavvanavesy _52
4e  Groundweter Supply .........cce.enen... teerieerien aranee 58
2+ Natural Soil and Vegetation Patterns ........ teverieanas 60
6. Agriculture: with Natural Water SUpPlies ...iivininnsan 65
7« Agriculture: with Supplemented Water Supplies ....... s 7h
8. Other Water Uses ANttt a et anarabanses 82
9. Watershed Kanagament .......... R 88
X, SUMHARY, CONCLUSICM AND RECOMMENDATION Shrrreretivesnsantanoas g1

I. Smmﬁmm SduN st nosnvan A 2 . -a



=
0 O3 O Flo N LO

a )
URHEEE RN RN RSB R RS RRREREE

BWRE

W
~2

FIGURES

Average Precipitation 1921.1950

Average Potential Evapotranspiration 1921-1950

Average Deficit 19211950 {4 storage capacity)

Average Defioit 1921-1950 (3* storage capacitg}

Median Deficit 1921-1950 (4" storage capacity

Average Dsficit 19211950 {12% storage capaeity)

Haximom Deficit 1921.3950 2&" storags capacityi

Minimum Daficit 1921-1950 {4 storage capacity

Moisture Deficit, Lower Quartile 1921-1950 (4" storsge capacity)
Moisture Deficit, Upper Quartile 1921-1950 (4* storage capacity)
Deficit 1927 (U® storage capacity)

Deficit 1936 (4" storage ocapacity)

Deficit 1944 (" storage capacity)

Deficit 1950 (4" storags capacity)

Parcentage of years with over 8", Daficit, 1921-1950 (4 storags cap.)
(] " * wow " " c(%n ] ]

L " - ¥ a " L -(1_24- - -
Percentage of years with no Deficit, 1921-1950 {12% storage capacity)
Average Deficit for Alfalfa, May-Sept. 1921-1950 (4* storage capacity)

»n - -

» - - " ] (1}’ » L
“ - " [ ] ] ] . [ ] {Bn - - )
L " ] L] " “ » ] (12- L -

Average Deflcit for Wheat, June-Aug. 1921-1950 (1% storage capacity)

Average Deficit for Wheat, June-Aug. 1921-1950 (2" storage capacity)

Average Deficit for Wheat, June.dug. 1921-1950 (4" storage capacity)

Average Deficit for Wheat, June-hug. 19211950 (8% storage capacity)

Average Deficil in May 1921.1950 (Z* storage capacity)

Average Deficit in June 1921-1950 (2* storage capacity}

Averags Deficit in July 1921-1950 (6% stcrage capacity)

Average Daficit, May, June & July, 1921-1950 (4%, 2 "2 6% storage cap.)

Average Consunptive Use, May~Sepl,, 1921-1950 (Lowry-Johnson)

Average Molsture Deficit 19211950 (Lowry-Johnason)

Average Molsture Deficit 1921.1950 (Lowry-Johnson) Less storage May 1
(4* storage capacity)

Average Consumptive Use, Alfalfa: May-Sept. 1921.1950 (Blanay~Criddle)

Average Consumptive Use, Wheat: June-dug. 1921.-1950 (Blaney-Criddlae)

Averapgs Soi)l Moilsture Deficit for Alfalfas May-Sept. 1921.1950
(Blaney-Criddle) (Less atorage on May 1, 4= storage capacity)

Average Soil Moisture Deficit for Wheat: June~hugust, 1921.1950
(Blaney-Criddle) (Less storage on June 1, 4% slorage capacity)



38
39

Ll
43
by
L7

50
51
52
23
Gl
55
56
57
58
59
6C
61
62
63
64

~_12l-'>

Average Surplus 1921-1950 (4" storage capacity)

Maximum Surplus 1921-1950 (4® storage eapacity)

Minimum Surplus 1921-1950¢ (4* storage capacity)

Swrplas 1927 (4% storage capacity

Surpluz 1936 {(4* storage sapazity

¥edian Surplus 1921-1950 (4» storags capacity)

Moisture Surplus, Upger Quartile, 1921-1950 {4» storage capacity)
Moisture Surplus, Lower Quartile, 1921.1950 (4= storage capacity)
Average Surplus. 1921.1950 (12% storage capacity}

Average Surplus, 1921.1950 (%" storage capacity{

Molsturs Surplus, Uppar Quartile, 19211950 (4= storage capacity)
Molsture Surplusg. Lower Quartile, 1921-1950 (4™ storape capacity)
Average Surplus, March 1921..1950 (1" siorage capacity

Averags Surplus, March 1921-1950 {4® storage capacity)

Average Surplus, April 1921.1950 {is storage tapacity)

Average Surplus, May 1921.1650 {4* storage capacity)

Average Surplus, June 1921.-1950 (4= storage capacity)

Average Soll Moisture Storuge at the end of Apr. 1921-1950 (4" gtor,

Maximum Surplue, March 1921 1950 {4® storage capacity)

Maximum Surplus, April 1921.1950 (4* storage capsoity)

Maximum Surplus, Msy 1921-1950 (4" storage capacity)

Maximum Surplus, June 1921..1950 (4 storage capacity)

Average Annual Thermal Efficiency 1921-1950

Bumidity Index, 1921.14%50

Aridity Iundex, 1521..3950

Moisture Index, 1921-1950

Average Actual Evapotranspiration 1921-1950 (4* storage capacity)



APPENDICES

4. Technical Problems Relating Yo Map Development and Analysis

B. Soil Moisture Storage

C. A Comparison of Climatic Patterns at Sslscted Locations with
Present and Projected Irrigation Projects



FRATIRIE FROVINCES WATER DQARD

401 Motherwell Building
Regina, Saskatchewan
March 7, 1967

Hr, M, J, Fitegerald, Chairwan
Prairie Provinces Water Board
Reging, Saskatchewsn

Dear Mr, Fitsgerald:

Tranemitted herewith is Prairie Provinces Water Board Report No,. 13,
entitled ¥Water Deficiency and Surplus Patterns in the Prairie Provinces.”

This report was prepared to partially fuilfill one of the duties cf the
Board as gt out in Section 4 (2} of the Water Board Agraement, which
states: Mawa to collats and analyze ths data now available relating to
the waler and associated resources of interprovinciel streams with rospect
to their utilization for irrigation.--,®

The study wss made and the report written by Dr, A. H. Laycock, Associagte
Professor of Geography, University of Alberta.

Yours very truly

J. G. 8. McHorins
Acting Enginsering Secretary
Prairie Provinces Water Board



ACKNOWLEDGEMENTS

Many people have contributad directly and indirsctly to this study and
their contributions are gratefully acknowledged. The study was initiated
vhen Mr. William Berry, then Engineering Secratary of the Prairie Provinces
Wetor Board, suggested that work that had been done with Thornthwaite
procedures in the Rocky Mountain and Foothill area for P,P.W.B. R'aport

No. 6 should be oxtended to include tho plains aroas. This work was cone
tinued and expanded under his successor, Mr. Fred Durrant, who offered
numerous suggeslions concerning the study and applications of it. It has
now been completed under his successor, Mr. C., Booy. Each has been more
than patient in waiting for different aspects of research to be completed

and reporied upon,

Assistants who must be thanked for their comscientious processing of data

and for plotiing basic and derived data on base maps include Donald

Buchanan, Franeis Capp, John Cole, Clifford Cunningham, Samunel Doz, Eugene
Elsert, Helen Eisert, Joan Eisert, Roy Fletcher, Margarel Fridel, Jopie
Heringa, Ernest Homeniuk, Charles Hutton, Ditmar Kaul, Udo Kaul, John
Marshall, Ursula Musaller, Michael Mullen, Eleanor Nordlund, Viclor Nordlund,
Andrew Purdy, Marion Pylypchuk, Sally Rarkin, Doris Taggart and Derald Willows,
The suggestions, supervisory assistance and heavy time contributions of

Doris Taggart, Donald Buchanan, Helen BEisert, Victor Nordlund and Ron

Fletcher wers particularly helpful,

(11)



PART T, WATER DEFICIT PATTERNS

1. INTRODUCTION

The purpose of this study is to map the major patterne of drought and
moisture surplus in the Prairie Provinces. Procedures developed during

and since World War II by Thornthwaite (1948, 1955, 1957), Lowry and
Johnson (1941), Blaney and Criddle (1952} and others emable us to define
these patterns more closely than has previonsly been possible, The data

of the 575 Prairie Stations listed in the Canadian Monthly Record with

one or more complele years of record in the period 1921-1950** have boen
used in most studies and subsequent data have been anployed in some.

Only 91 of the above Stations had over 20 years of recerd in the base poriod
and there were relatively few dats for some regions, but the major patterns

appear to be well established particulsrly for the ®settled” regions,

The maps are largely self-sxplanatory and only brief descriptions of mapping
procedures and significant patterns are included. Most of the Raps ¢an be
applied in different ways and s number of uses are briefly discussed, All
of the maps contuin broadly generaliged patterns and it should be under-
siood that many local variations are present. Some of these can be defined
more clearly with the available statlion data but major refinement must await

the accumulation of better basic data and local testing of procedurss in

water balance studies,

* See bibliography.

** The period 1921-195C is used as a base period by the Canadian
Meteorological Branch for comparative studias; a.g. see "Temperature
and Precipitation Normals for Canadian Westher Stations based on the
Period 1621.1950® by the Climatological Division of the Branch, Cir,
3208 Cli, 19, June, 1959, 33 PP«



II. PREVIOUS STUDIES 2.

The earliest studies of tha Prairies include many roferences to drought

in what is now Southern Saskatchewan and South Bastern Alberta (Palliser
1863; Hind 1860; Maccun 1882, atc.). Most of these were based on observ-
ations of vegetative cover and locel drainage patterns. Records of tem-
perature and precipitation became avallable for s small mmber of widely
scattered stations in the 1880's and droughis wera soen defined as periods

without rain or with rainfall well below normal for =specific periods,

Most settlement in the Prairies took place with 1ittle regard for previously
defined precipitation or drought patterns. After various periods of trial
ard error famming, farmers in many areas abandoned their farms or let their
cropland revert to grass becauso severe droughts cccurred too frequontly

for their type and scale of farming to be successful. Most of thess aress
wers shown to have low and variable precipitation in numerous concurrent

and subsequent studies by various authorities (e.g. Slupart 1905, Bracken
1921, Koseppa 1931, Connor 1933, Eope 1938, Thomson and Conner 194, Jacob-
son 1952, Currie 1953, Longley 1953, Thamas 1953, Kendrew and Currie 1955,
and others). Many of the pattarns of precipitation deficiency were &xplained
by these and other authorities (e.g. various publications of the Mateorc-
logical Branch, ertlcles in the NMonthly Wealher Review, Borchert 1950, Vill-
mow 1956, etc.). Numerous studies of adjoining areas in the United States
were alsc useful in defining and explaining drought patterns (e,g. publi-
cations of the U,5. Departments of Agriculture, Commerce and Interior and
State Departments of Agriculture). Additional information was svailable

in various reports concerning adaptations of land use to limited moisture

supplies (a.g. Canadian and U.8. Department of Agriculture studies otc.),



explanations of crop production patterns {e.g. Searle Grain Co. Research
Department, Canada and Provincial Department of Agriculture studies etc,)
and Soil Survey reports. Numerous spocial and local studies by the Experi-
mental Fams Service, Meteorclogicsl Branch, Prairie Fam Rehabilitation
Administration and various individuals are zlso helpful in defining and

explaining regional patterns. (See Bibliography-. )

Drought patterns may be indicated to scme degree by patterns of the
natural vegetative cover. These sre not as dafinitive as we might wish
because plants may vary appraciably in density and vigour as well as in
species composition, and we know relatively little about the original
cover in many areas. Farming practices, past fires and variations in
grazing intensities by buffalo and 1iv§stock have resulted in significant
changes in cover not directly related to drought patterns. Present plant
covar that appears to be natural {e.g. along road allowances) has often
had greater protection from fire and grazing, and grealer moisture rsceipt
(i.e. from snow that has drifted from adjoining fields) than the cover that
was originally present. It 1s probable that many plants, particularly
treas, have bgen influented in their distributlon to 2 greal degree by
intensa droughts, and thus it is hard to define average drought and other
patterns. We can suggest many climatic patterns if we know the nalure of
the vepetative cover but if we wish to dafine patterns more closely, we
must turn to the comparatively detajled long term meteorolopical records

that are now available.

Other indicators of deficient moisture supply such ss8 runoff or streamflow

patterns may be useful, but runoff is generally seasonal {e.g. show-melt)

3.



or dependent upon heavy rains of long duration, and the intensity of
drought iz nol closely related. Evaporation studies may iniicate where
water losses from free water can be large and how thess vary seasonally,

but this information need not apply to land surfaces,

Definitions of drought in terms of length of period without rain or vari-
stions of precipitation frem ®normal® are inadequate for many purposes,

It is apparent that growth response to a period of two weeks without rain
after heavy rains may be very different from that in a dry period of two
weeks separatsd from previous dry periods by only light showers. Similarly,
the effect of two weeks of rainless hot windy weather with low relative
humidity may be very different from that of two woeks of cool humid weather
with little wind. Drought, in this paper, ls sxpressed in terms of moisture

deficiency as outlined in the following secticn on ™The Water Balance®,

Numerous studles of runoff and streamflow have baen conducted in the
Prairies {(e.g. Prairie Provinces Water Board 1960). In most of these,
there has been relatively little reference to local runeff into depressions
which rarely if ever reaches major streams. Some of the exceptions are
Stichling and Blackwell (1958) and Laycock (1959). It s very hard to
measure this local runoff and apply the results to larger areas because it
varies so greatly in amount with differences in soil taxturs, slope,
vogelative cover, land use, moisture in storage., nature of frozen ground
etc., in addition to precipitation intensity and duration, smount and rate
of snow melt, evaporation and transpiration and other climatie variables,
However, if gradients relating te climate can be established, local vari.
ations can then be noted and a greatly improved picture of regional palterns
can be develoved.



Sa
ITI. THE WATER BALANCE

In the last few decades there has been an increasing realization that
drought conld not be adequately defined in tearms of daficiency and
variability of rainfall alone, Such definitions fail to teke into

account the amount of water that is needed and the amount of so0il moisturs

that might be svallable for use during the growing season,

A more useful definition would deseribe it as a condition in which the
available water supply is sxceeded by the amount that is needed for ava—
poralion and transpiralion 1f optimum prowth is to be obtained. This
molsturs deficit is expressed in inchms in this region and, though most
frequently calculated for the full growing season, may be oblained for

any perlod. The available water supply is that which is obtained fron
precipilation and can be used by plants during the growing season (3.s.
precipitation lesa surface runoff and percolstion to beyond root depth,
but including moisture storage that has accumulated previous to the growa
ing season), The amount of water needed for evaporation and transpiration
if optimum growth is to be obtainad {potential evapotranspiration or FE})
is primarily & function of c¢limate because it is assumed that soil molsture
supply is never limiting. The amount of solar energy and resultant air
temperature is accordingly far more important than the kind of vegstative
cover, soil type and texturs, soll-moisture atorage capacity and land use

in the determination of potential evapotranspiration.

Potenlial evapolranspiration has been measured in many parts of thes world
but it is impractical for us to measure it in all areas of the Prairies,

It is far better, for our purposes, to employ climatic paramstars,



such as temperature and length of day, that are indicative of potential
evapotranspiration., This is possible now that Thornlhwalte and others
have established empirical procedures that have been widely tested and
shown to bs valid. The great advantage in our use of these proceduras
is that we are now able 1o use temperature and precipitation data that
have been widely obtained in the Prairies for many years, in our water

balance studies,

The water balance for a year has been summarized by Mather {1959) as
follows:

When the potantial evapotranspiration is comparsd with the
precipitation, and allowance is made for the storage of water

in the ground and its subsequent use, periocds of moisture
deficiency and excess are clearly revealed and an understanding

of the relative moistnass or aridity of a climate is obtained.

If the amount of pracipitation is alweys grester than iLhe eVapQ-
transpiration, the seil will remain full of water and a water
surplus will occur. On the other hand, if precipitation is

always less than the polential evapotranspiretion or waier need,
moisture will be limited and a moisture deficit will exist., Under
normal conditions both of thess conditions will occur during the
course of a year or several years at a place so Lhat a comparison
of the potentisl evapoiranspiration with the precipitation will
show both a wet or a cold sesason in which water need is lass than
the avallable precipitation and a dry or hot season in which the
water need exceeds the pracipitation. Under suech circumstances
thers usually occurs a period of full soll moisture storage when
precipitation is greater than the moisture demand and a moisture
surplus accumulates; a drying period, when the moisture in the
sell is used by the plants, the scil moisture storage is diminished
and a moisture deficit occurs; and a re-moistening season, when
precipiltation exceeds water use and the soil moisture storage is
replenished. The values of moisture surplus and deficiency as well
as of the other factors of tha water balance can be computed by
means of a simple water balance bookkeeping procedure.

The Thornthwaite procedures (1948) for 3wift Current, Saskatchswan, ars

shown below in tabular form for s repressntative period of four years,
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d F M A ol dJ J A S 0 D
Tempersturs F 1 2 26 Kk 55 60 66 68 55 39 3 5
Potential Evap. O 0 0 2,1 3.4 4. 5.2 5.2 2.7 0.6 0.6 O
Prwipitltlon 0.7 0-3 0.5 0-2 1-3 105 2.1 102 0.6 1.“ 0 i 1'2
Ppt. - P.E. 0,7 0.3 0.5 -1.9 =2.1 -2.9 =3.1 <4,0 =2.1 0.8 0.4 1,2
Storage {1.87) 2.5 2.8 3.3 1l.% , 0.8 0.4 1.6
Surplus 0 ¢ 0 ¢ 0 G 0 0 0 0 0 0
Deficit 0 6 O 0 0.7 2.9 3.1 4,0 2.1 ¢ 0 a

The usual water balance equation "Precipitation equals Evapotranspiration

Year

{Potential Evspotranspiration minus Deficit) plus Surplus plus or minus Storage

Charge® provides a summary for each year:

19% - 15.9” eqnais (22.?' - 9-1") + 0.1’ + 2.2.,

1947 wws—mummen 16.1" equals (22,2% - 7.5%) + 3.1* - 1.7*,
pLT11; R — 13.3% equals {22,4% - 11.6"} + 3,0 - 0.5%, and
11317 — - 11.2" squals (24.2% = 12,B%) + O% = 0,24, #»

*  Soil meisture in storage al the start of the year.

** The Deficit and Surpius patterns of these years might be placed in
parspective by refersnce to maps in Chapters IV and VII. The aversge
anmual surplus for the period 1921-1950 for Swift Current was 0.6
inches and the range was from O (in 20 years) to 4.5 inches {in 1927).
The average annual deficit was 8.5 inches and the range was from 1.5
inches {in 1942} to 16.2 inches (in 1937). Average prscipitation for
the year is 14.9 inches, and by months it is Jan, 0.8, Feb. 0.6, Mar. 0.6,
Apr. 0.9, May 1.7, June 3.0, July 2.1, Aug. 1.8, Sept, 1.3, Dct, 0.8,
Nov, 0.7 and Dac., 0.7, Some chgervers might wish to pse other than
calandar year periods but the average valuss would not change.



Data for a series of years illustrste fegtures of water surplus and
deficit that cannot readily be shown in single or avarage years, In 1944
the early dry spring resulted in rapid use of the limited moisture reservs,
The deficit by the end of July was 6,6 inches. Precipitstion in the lgst
three months of the year was great enough to more than £ill soil moisture
storage to capacity {(upon melting in the following spring). In 1947,
spring runoff from snow mellt was moderately high. Good moisture reserves
plus above normal rainfall resﬁltad in below nomrmal seasonal deficits,

In 1948, spring runoff from snowmelt and April rain was again moderately
high and s0il moisture reserves lasted well into the summer (the deficit

by the end of July was only 3.1 inches). The late summer was very dry

and storage was not £illed ?o capacity by the fellowing spring. In 1949
runeff occurred only in are;s with limited infiltration and storage cap-
acities and the summer deficit was largs, Soil moisture recharge was light

in the fall, lsargely because November was warm and dry,

The procedurss illustrated sbove {described by Thornthwaite 1948) have

been modified in more recent years {1955 and 1957) in several ways.

Greater storage capacities are usually assumed and the water loss from
storage is at less than the potential rate as the soil dries. Water
surpluses are converted to streamflow with allowance for dstention storage
in the form of smow and ice and in the regolith and rock beyond ruot depth.
These are quite ressonable and logical medifications but they have not been
introduced for several reasene: (1} the proceduras are more time consuming
than those used; (2} a significant part of the data processing had bsen
done before tha 1957 tables became avsilable; {3) the Potential Evapoo

transpiration values, which are basic, remained unchanged in the new

9.
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procedurs and there appears to be very little difference in the deficit

and surplus patterns resulting from the uss of the mors recant procedure
in the Prairie region; {&) the summer rains in the Pralries tend to be
frequent but light and studies by other authorities (e.g. Eolmes and
Robertson 1959) indicate that this addition to surfacs moisture is used
at or near potentlial rates rather than at the slower rates suggested in
the modification; {5} the information provided in this study is to be
used in part in irrigation plamning and a changing rate of storags water
use is less nesded than it might be if major storage deplation were to
tske place; and (6) much of the Prairie streamflow is obtained from sur-
face runoff (meltwater and intense rains) and the general patterns of
stream{low lnvolving percolation to bayond reot dspth are only partly

applicabls in this ragion,

Numerous authorities have studied the water balance and aspects of it

in the last several decades. Thes procedures of several of these will
be discussed briefly in Chapter V (e.g. Lowry and Johnson 1941, Blsney
and Criddle 1952}. Soms of the procedures of others (e.g. Parman 1348,
and Turc 1353 and as modified by Mohrmann and Kessler 1959), tend %o be
sufficiently complex that the nsacessary data are not available for more
than a few statlons or involve conversions which make them as empirical
a5 those discussed. Stlll other procedures, though simple, provide only
rough indices of droughl. Many of these have besen employed in check
studies and there appsars to be little reason for major revislon of the

patlerna mapped.



Local studies of waler surpius and deficiency patterns and of stresmflow
and crop yislds, elc, generally confirm the patterns.established_through
uss of the Thornthwaite procedures, Their value is greatly snhanced when
related to these patterns, for then they can bes placed in time and space

perspective,



IV. WATER DEFICIT PATTERNS TN THE PRAIRIE PROVINCES

THCORNTIIWAITE PROCEDURE®

It has been noted previously that water deficit is the amount by which
the supply of water available for evaporation and transpiration is
sxcesded by plant nesds, Since most of the precipitation is svailable
(runoff is small), and water needs are indicated by caleulations of
potential evapotraenspiration, some of the general patterns of water
deficit can be suggested by comparison of precipitation and potsntial

avapotranspiration patterns.

Averars Precipitation 1921-1950%* (Fig, 12

Average precipitation is lightest in Sonth Eastern Alberta and South
Western Saskatchewan, to the north and south of the Cypress Hills, where
less than 12 inches is received per year. PFrecipitation increases grad-
vally to the east of this area to over 20 inches in South Bastern Manitoba.
North of the arsa of lightest prscipitation, incresses to over 16 inches
ars Indicated but smaller amounts are recesivsd still farther to the north.
To the west of the "dry belt™, precipitation increases slowly in the plains,
more rapidly in the foothills and very rapidly in mountain areas, and
annual totals of between 50 and 100 inches are raceived on the higher

mountains on the conlineantal divide.

* This descriptive revise is supplemented by Appendix A, s discussion

of some of the technical problems relating to map development and analysis,

** Based on "Temperature and Precipitation Normels for Canadian Westher
Stations based on the Period 1921.1950" by tha Climatology Division,
Keleorclogicel Branch, Canada Department of Transport, Cir. 3208, Cli 19,
J June 1959, Ottawa. Allowances have besn mede for topagraphic vari-
ations. See Appendix A.
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Only some of the local variations in precipitation are noted. Above
average amounts sre received in hilly aress and below average amounts

are generally received in valleys. Some hill, morsine, and sscarpment
ereas within the plains may receive five or more inches more than adjoining
lowlands, Some valley areas with rough terrain and forest cover, howsver,
probably receive gresater precipitation than adjoining featureless plains,
The variations in the plains region are generally small but those of
mountain areas may be very large. Some mountazin valleys are almost as

dry as the drier parts of the pleins while higher areas nesrby receive

up to 50 inches more precipitation per year. Many local variations srs

not indicated on the map because of scale and data limitations.

It is assumed that the recorded dats are correct for all stations and

that station data are representative of precipitation in surrounding
areas, Scme zllowances have been made for topography but these have

been conservatlve.* This map 1¢ believed to be much more accurate than
most thal have bsen published previously {e.g. Flate 25, Atlas of Ganada,
1957). Despite this, it 1s suggested that improvements in precipitation
measurement (particularly snowfall) can do more than improvemants in tech-
niques and procedures to correct the surplus and deficit patterns mapped

in this study.

* More recent maps by McKay 1961, Muttit 1962 and others show other
local variations but Figure I has not been modified because sub-
sequent maps in this paper were based upon it, Fortunately, the
local variations indicated above are minor for settled aress.

See Appendix A.



Average Potential Evapotranspiration 1921-1950 (Fig. 2}

This map shows how much water would bs evaporated and transpired if the
surface were completely covered with vegetation and there were sufficient
moisture in the soil at all times for the use of this vegetation., This
expression of heal available for plant growth, in tasrms of inches of water
required, enables us tc conduct water balsnce studiss.®* Tt is assumed

that the water is available at precisely the tima of need thus, in practice,
larger amounts of precipitation would be requirsd, if seasonal deficits
were to be avoided, because thers is no allowance for surface runcff or

percolation beyond root depth.

The major patterns show decreasss from south to north with some reflactions
of elevation in the west, and proximity to Hudson Bay in the northeast,
The areas with low precipitation have relatively high evapotranspirstion
potentials, in part because less of the solar snergy is nsed to evaporate
waler and more is avalleble for surface heating than in more humid areas,
Other factors are also important, e,g. mors solar radisation is received

st the surface hecsuse of the smaller amounts of water vapour and cloud in

the atmosphere.

Many local variations sre present within the general patlerns mapped,?*

For example, south facing slopes have significantly greater evapotranspiration

* Calculations of potential avapotranspiration are also used in showing
the canparative amounts of heat availabls for growth in differant
regions, and in echaduling crops to provids for balanced harvest
operations {e.g. at Seabrook Fams, N. J.).

** See Appendix A,
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potantials than north facing slopes, and thers are varislions with changes

in vegetation type and cultural practice,

Aversre Deficit 19211950 (4* storage capacity) (Fig. 3)

Cns of the major problems in mapping molsture deficlt patterns in the

Prairies 1s that the water supply available for plant use varies =0
appreciably in small arsas because of variatlons in soil moisture retention
storage capacity and in the capacity of plants to utilize the stored

moisture. It 18 conceivable that detailed maps of moisture storage capacities
could be prespared, but such maps are not yel available. Some impressions of
the local pallerns might be obtained if information on storage capacity
variations with =0il texture etc. (#s in Appendix B} wers applied to the

s0il maps available,

It is possible for us to determine approximate local deficisncy patterns
if we draw up maps for each of a number of storage capacities gnd apply
the one that is sppropriste for local s0il and growth conditions. The

values selected for computation are %, 1, 2, 4, 6, 8 and 12 inches.

Maps based on a ¥ inch storage capacity are reasonsble for showing
aversge conditions and might be applied for loam soils and for crops that

have moderately full root davelopment, #.g. most ceresal grains.

Tha aversge deficit patterns in the Prairies may be related to the precipi-
tation and potsntial evapoiranspiration (P.E,) patterns. The driest sreas
are 1n South Eastern Alberta and Scuth Western Saskatchewan whers precipi-
tation is Jow and P,E. is high. Deficiencies here sverage up to 12 inches

per year. Deficiercies are smaller to the easl, west and north averaging



4 to 6 inches in the more humid agricultural aress and O to 4 inches

in the more humid forested areas. Deficiencies are moderately large in
northern parts of Albsrta but are not as large as in areas with squive
slent precipitation in the south becsuse evepotranspiration is low. If

we wers to calculate deficits using average monthly temperature and Pr o=
cipitation data we would be able to establish patterns of drought intensity
that are nol grestly in error in the drier areas (e.gz. see Sanderson, 1948),
Unfortunately, deficits based on average monthly data are not averagm
deficits. If certain months hed dsficits in all Years, we would find that
deficits based on average monthly tsmpersture and precipitation data would
be the ssme as average deficits based on caleulations of all years of the
period. Since many of the months have deficits in soms years, surpluses
in others and storage recharge or withdrawsl in still other years, we must
complete calculations for all years if we srs to determine avetrages of
surpluses and deficits, When this is dons, we find that both surpluses

and deficits are lerger than those bhased on average lemperature and precip-
itation.* 1In making our caleulations for all years of the period, we have
obtained ebundant informalion for establishing many different frequency-
intensity and olher deficit patterns. The more detalled studies are
essential 1f we are to obtain a more adequate understanding of moisturs
deficits in non-irrigated aress and potentizl water needs in irrigable

and irrigated areas,

* Surpluses and deficits for Swift Current for 194621949 inclusive
would have been 0.4 and 8,2% respectively if based on average
temperaturs and precipitation for the pericd. If we refer to
Chapter IIT we find that if calculsted for each year, they aversged
1.6" and 10.3% respactively.



Maximom Deficit 1921-1950 (4" storage capacity) {Fig. 7)

It should not be assumed that the more humigd regions are free from

intense drought., Droughts are of greater intensity in the norwaily

dry regions but ths humig reglons also suffer from savere moisture
deficiis in some years. Thera are many other variasbles (e.g. in the tim.
ing and duration of the drought) thai are important, but growth will bs

very limited 1f anmual deficits of over 8 to 10 inches are sxperienced,

The demand for irrigation water is over 16 inches in the drier regions
in the driest ysars, plus allowances for conveyance and other losses,
Supplemental irrigation facilities might usefully supply from 8 to 16
inches of water in the drier years in most other agricultural regions in

the Prairies if water were avaliable at low cost,

Minimum Deficit 19211950 (um storage capacity) (Fig. 8)

In some years, precipitation is so sbundant and well distributed that
moisture deficiencies may be nil in elmost 41l parts of the Prairies. if
extra storage sllowance wers to be mads (mag. 12 inches), and longer
pericds of record were availsble, many of the stations recording drought,
in their wettest yesars would show no deficiency. Most of thegs stations

hava some runoff in soms Fears,

The occasional year with little or me moisture deficiency will have
excellent crops without irrigation and many farmers base their hopes

and too much of their plenning on the moisture conditions of these ymars,
Irrigation requirements are vory limited and 1little of tha available

water is utilized.



Median Deficit 19211960 (4% storage cagacitxz (Fig. 5!

For some purposes, data on median deficits are more useful than those on

average deficits (they ere mot greatly affected by abnormslly large or
saall values and show the value for 50 percent of the time). Averages

ars generally used in this study but it is of great interest that median
values are very similar (compare maps 5 and 3). The differonces are

almost always under 0,5 inches and are frequently zero. In the drier

areas the median value is slightly larger because the infrequent moist
years affect it leas than they do the average. In some of the more humid
areas (e.g. the Southern Alberta Footh11ls) the average value is the larger
because vary dry years are infrequent.

Moisture Deficit, Lower Quartile 1921-1950 (£ of the years have Lhis
deficiency or leas) (4* storage capacity) {Fig. 9)

Perhaps the most useful information on drought is contained in rmaps of
frequency-intensity patterns. For sxample, a farmer wants to know what
the chances are that a severe drought will not occur in the current year,
and goverrment agencies want to know how much water is nesded in different
proportions of the years for irrigstion. Planning can be based to a large
degree on the past record if this is expressed in temms of frequency and

intensity.

Largs deficite are experienced in Lhe drier areas in at least three
quarters of the yaars and one miprht conclude that certain crops and farming
practices would not be feasible. Summerfsllow frequenciss, plant species
and varieties, the scale of farming operations and othar variables should

be affected in planning land use in sspecially the drier areas.

18.
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The deficits are very smell in large parts of the Prairies in esnough

years 30 that high yields may be obtained and most of the expenses of

farming can be recovered,

The water demand in irrigation projects in the drier srsas iz shown to
be quite large in at least three quarters of the years. The success of
irrigation will probably be greatest in thase arsas, in part becauss

farmers are nol encouraged by the record to hops for rain.

Moisture Deficit, Upper Quartile 1921.1950 (4 of tha years havs
this deficit or moreE (W~ _storaze capucity) {Fig. 10)

Most of the faming areas of the Prairies have deficits of over 8 inches

in the driest quarter of the years. West Central Alberta is one of ths
few areas with deficils of below 6 inches in these years and yields sre
comparatively dependable (the moisture supply is the only variable con.-
sidered hers, other factors such as frost, hail, fald rain, ete. sars of
grest importancs on the cooler humid wargins). In much of the Prairie,
yialds will be very low in most of these years and ths success of farming
depends primarily upon the yields of the better yesrs {see the pravious

m&p) .

Irrigation water needs ares largs in these years and irrigation projects
tend to be utilized almost to the limit of Arrigable acreages and/or
water supply. Supplemental irrigation couid greatly benefit crop pro-
duction in most aress. Local water surpluses are not ususlly very

large in the spring of most of these dry years but thers is some potential

in the uee of these surpluses in many years.



20,

Deficil 1927 (4% storage capacity) (Fig. 11)

The deficit patterns have baeen mapped for all years of the period 1921~

1950, There is a strong tendency for drought patterns of individnal
years to ressuble the average patterns mapped previously but there are
numerous oxceptlons and varistions in individual years, Forecasting

for any one year is very risky but forecasts for a series of ysars cap
be quits reliable, Four years, 1927, 1936, 1944 and 1950 have bsen
selected to illustrate asome of the variations. A Comparison of ssch with

the average patterns {Figs. 3 and 4) will show the contrasts,

In 1927, one of the wettest yoars in the Prairies, the dry belt could not
be identified as such. Medicine Hat, ons of the driest locetions in
most years, had & deficit of only 0.4 inches. 1In contrast, the Pesce

River region was moderatesly dry.

The deficit patterns of 1927 were probably attributables to a greater than
normal flow of tropical maritime s=ir into the Prairies from the Gulf of
Mexico, and to greater gyclonic activity than normal along southsrn

Prairie storm tracks (see Appendix A).

Deficit 1 4" gtorage capacit Fig, 12

In 1936, the dry belt was very dry and greatly enlarged. The southarn
parts of tha Prairies were particularly dry but some northern areas
{e.g. the Psace River region) were wetter than normal. South Westarn
Saskatchewan and Scuth Eazstern Alberta were very dry again in 1937 and
the combination of suecassive dry yeare resulted in sXcessively low
noisture ressrves, damage Lo grassms, trees stc. and widespresd crop

failure.



It is apparent that severs droughts can affect broad regions in any ons
year and that the demand for the limited supplies of irrigation water
can be very large in particular years. Only rarely is there severe drought

in one part of the region in need of irrigation and mincr drought in ancther.

The deficit patterns of 1936 may be attributed tc an almost total abssnce
of moist maritime tropical air in the region, normally ths most significant
gsource of molsture in the southeastern parts of the Prairias. Cyclonic
activity was very limited along southern trecks but above normal uplift

of Pacific air occurred in the northwestern regions.

Deficit 1044 (U* storags capacit Fige 1

In 1544, Sonthern Manitoba and Saskatchewsn and Central Alberts were
relatively moist. The "Dry Belt" was a bit to the west of normal and
thers was & dry extension to the northeast. In addition ths Pesce River

country was dry.

The storm tracks were not ss well distributed 2s "nomal® but there was
sl least a normal degree of cyclonic activity. Tha Pacific sources of
moisture wers most important in the west and tropical maritime in the

southeasts a fairly typical pattern,

Deficit 1950 (4" storage capacity) (Fip. 14}

In 1950, most eastern and far northern areas wers moist but Cantral and

Southern Alberts were modsrately dry. In this, as in most years soms

drought waz experisnced in almost all regions but the intensitias varied
reglonally.
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The moisture deficit patterns mapped and describad previously sre those
of the full growing season. Many crops do not utilize the full growing
ssason in their varlous stages of growth to maturity. It is thus of

some value for us to determines the deficiencies for the pericd of growth
of specific crops. Since the data have been calculated by montha, some
genaraligation is necessary. The first of the crops discussed is alfalfs
and the months of May to September inclusive are used in calculating

growing-season deficiencies,

Averape Deficit 1923.1950 gé‘ storage capacity) {Fig. 4)

Coarso-textured sandy soils have very 1imited capacities for moisture

retention storage (see Appendix B}. If these capacities are approximately
1 inch for given crops, the patterns shown in this map might be spplied
locally rather than the patterns developed for other storape valuess.
Flants with vexy limited capacity to develop roots and utilize stored
moisture from more than very limited soil volumes might suffer the dagras

of drought indicated on this msp.

It will be noted. upon inspection of this map, that droughts in Southern
Manitoba are not much lass severas than those of South Western Saskatchewan
for solls with very low storage capacities. The patterns shown ars very
nearly those of F.E. lsss precipitation during the growing season. Thig
would suggest that a significant part of the production advantage of
Southern Manitoba lies in its greater scil moisturs storage capacities
plus the greater filling of these capacities before the growing season
beginsg.



If we assume that fire hazards in grassland and forest aress vary
largaly with the degres of the organic matter present, this map might
be used Lo show some annual hacard pattesrns, Dead organic matter that
is wall axposed to drying will tend to have limited moisture holding
capacities and will burn resdily when this moisture has evaporated,
Live plante will generally have access tc larger moisture storage, and
the patterns of drying and intense fire damage will be more like those
on later maps {m.g, 12* storage capacity). Freouency~intensity and

monthly patterns are also significant,

Average Deficit 1921.1950 (12" storage capscit Fig, 6

Fine-textured clays and c¢lay-loams have large capacitiss for moisture-
retention storage (see Appendix B). If alfalfa or other crops with

deep and extensiva rcoting habits are grown in theses s0ils, the moisture
deficiency within the growing seasan will tend to be mnall if storage

capacities are well filled at the start of the sesson,

The molsture storags capacities ars mors neariy filled in most ¥ears in

the more humid areas of Southern Manitoba, North Eastern Saskatchewan

and West Central Albertz than in the drier parts of South Eastern Albsrtes
and South Western Saskatchewan., This iz slmost as important as the
difference in growing season precipitation in explaining regional differ-
ances in deficit and it is the major reason why thera is a greater decrease
in drought intensily from dry to humid regions than is apparent in the 4

inch storage maps.
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There is 1ittle change in drought intensity with additional moisturs

storage capaclty above 4 inches because non.growing sesson contributions
to storage are small in most years in most parts of the Prairies, This
would indicale that there is little difference in productive capasity
betwoen medium-textured loams and clays from the moisture supplies of
the current year., Since many crops do not utilize all the moisiure of
the full growing season and pummerfallowing is widespread, the extra
storage capacity of clays 1s more fully utilized and the productivity
advantage is greater than is indicated here. Some of these qualifi.

catllions are noted later,

The three maps of average deficit (Figs. 3, & and 6) indicate that
irrigated crops in the drier reglons require approximately 4 inches
more water in sandy soil aress than in areas with clay losms., In
addition they show that supplemental irrigation might be utilized to

a much grealor degree on sandy than on clay soils and for shallow than

deep rooted plants in the more humid regions,

Additicnsl maps showing patterns for 1, 2, 6 and 8 inches storage capacity
have been drawn up but are not included because they are, as ona might

expect, for tha intermedliate values betwsen those that have been discussed.

Porcentage of Years with over 8% Deficit 1921-1950 (4% storaye

capacity) (Fig, 16}

1lie frequency-intensity patterns of moisture deficit vary significantly

with soil moisture storage capacity. If available retention-storage
capacity is only % inch {e.g. sandy solls or crops with very limited reot

development) the proportion of years with severe drought (e.g. over 8 inches



deficit) wlll be very high in most partz of ths Prairies. The reglonal
vardations are still significant however, for example, the sandy soils
nesr Ponoka, Devon and Grande Prairie in Alberta might be utilized with
1ess drought, or supplemental water naed, than similar soils between
Saskatoon and Outlock, to the east of Brandon, or to the north of Maple
Cresek,

Parcentage of Tears with over &* Deficit 1921-1950 (4* storage capacity)
(Fig., 15

The frequency of years with intenze drought is a bit lower in the dry
regions and much lower in the more humid regions if storage capacities
are 4 inches rather than % inch (the previocus map). The difference can
be attributed largely to the larger non-growing season contributions to

water storage,

Thé drought Irequency in tho drior areas {e.g. the areas within the 75%
{s0line) is sufficiently great that dry faming is marginal on soils with
only moderate moisture storage capacilies. The sovore droughts occur
much less frequently in areas te the northwest, north and east, and the

need for summerfallowing in rotation programmes is greatly reduced.

Percentage of Years with over B® Deficit 19211950 (12" storage

capacity (Fig. 17)

The areas with ¢lays and clay loama that are utilized in the production of

erops with deeper rooting habits (e.g. alfalfa) have smaller potential

molsture deficits than those with lesser storage capacities. The differ-
ences are minor {mil in most years, moderate in some) in the drier regions
but crops in the more humid regions benefit significantly from this extra

storage capacity and use.



The irrigation wator needs are approximataly the same as in the areas of
lighter soil in the drier regions. There is less need for supplemontary

irrigation on Lhe heavy soils in the humid regiona however.

It is probable that the greater crop successes in Manitoba than South
Western Saskatchewan can be attributed in part to the wlder distribution

of heavy soils with excellent molsture-retention storage capacities,

Many natural veogatative cover patterns can be attributed to severe
drought patterns. For example, trees are excluded from large parts of
the "Parkland® area, not by molslure doficienclses in average years but
by a combinatlion of drought and {ire in the drier years., OSimilar
relationships in grassland cover patterns, forest fire patterns elc.
can be established, A number of land use relationshlps may also be
noted. {Soe Chapter VIII).

Percentage of years with no Deficit 1921-1350C (12* storage
capacity) (Fig, 18)

The proportion of years with optimum moisture supplies from current
precipitation and large storage capacities (e.p. clays with alfslfa), is
quite small in the drier part of the Prairles {over ono third of the
stations within the 10% iscline had zero wvalues but they sre so scaliered
that we might conclude that any station could have a suflficlently wet
year in a 30 year period that no deficit would ba present). This pro-
portion increases rapidly in the most humid regions but most of the

fams of ithe Prairios have somo drought in most years, even with the
hest moisture storage conditions. It is of interast that droughts of

some degree are quite freguent in the Peace River country.
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It could be suggested that some irrigation waters could be ussd by crops

in almost all years in most parts of the Prairies. Many of these areas
and years have deficits of such a low order that irrigation might not be
warranted., However, small water projects might utilize spring surpluses
to advantagoe in many years at relatively low cost,

Average Deficit for Alfalfa: May-September, 19211950 (4%, 4= 8¢ ang 17#
storsge capacity) (Figs, 19, 20, 21 and 22)

The average doficits for the period May-September are very similar to Lhose
of the full year for the same storage values {e.g. Figs. 3, 4 and 6).

There are differences especlally in the scuthwestern regions where small
deficits 1n October and November are not unmusual and others may occur in

April of somo yeara,

The storage values selected are approximately those of coarse sand, sandy
loams, medium loams and clay-loams or clays for alfalfa growth. It is
doubtful that alfalfa would be grown on the coarse sande because of the
intensitlies of droughts in all aress. The deficits are aporeciably smaller
in humid regions where storage capacities are larger but the change with
increasing storage capecily in the drier regions is not great for over &
inchos capacity. Only the most humid regions havo large use of large

storage capacities in many of tho years unless summerfallowing is amployed,

The irrigation requirements vary greatly in smount (as indicated) and in
frequency. Crops on the sandy soils would requlre waler in such large
smounts and so frequently that water must be sbundant and delivery must
be by sprinklera. Crops on clay soils would require much less water in
infrequent applications and there would be & dangor of over-irrigating

and water=logging the soil in wet seasons.
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Average Deficit for Wheat: June-August, 1921-1950 (¥*, 2%, 4= ,nd 8w
storage capacity) (Figs. 23, 26, 25 and 26)

The period June-dugust is used in this map series as the period of wheat
growth. The deficiy for the lightest soils is about 1 to 2 inches
smaller than for alfalfa in the wetter reglons and Z to 4 inches smaller
in the drier ragions. This is approximately the order of moisture

deficlency in May and Sepltember.

The difference between the alfalfa and wheat deficit patterns decreases
with added storage, especially in the more bumid regions. Slightly
different soils are involved bacauss alfalfa has a greater capacily to
utilize moisturo from desper soil levels. It is doubtful that much over
8 inches storsge is availsble for wheat in even the finest acils because
of the more limited rooting habit of whest., The limitstions of summer-
fallowing as & means of molisture conservation in humid sreas ars thus

indicated.

The irrigation water requirementa of wheal are smaller than those of glfalfa
but not as much smaller as we might expect with the shorter growing season.
Evaporation continues in the other months and only part of the anmial pre-

cipilation onters inte storage.

Average Deficit in May, 1921-19%0 {3* storage capacity) (Fig. 27)

The deficit patterns for wheal bascd on single storape values and the
season of June-August may be refined, particnlarly in scuthwestern aroas.
if several additional modificatlions in procedure are made. The season
possibly should be May, June and July, final ripening and harvesting may
take place in Mugust but the condition of the crop will have been deter-

winad by then and drought may not mean much,



The germinating seed and seedling have very limited access Lo soil
molsture in May and a moisture storage ¢apacity of % inch may be most
valid. The seedling will suffer drought if it cannot reach the moisturs
beyond iis roots. The amount of deficit in May may be indicated reason.
ably c¢losely by & map based on such s storage value. In.irrigated areas
this deficit may not be overcome because irrigating for =ma)l reauirements
in spring may not be foasible and the crop yielde may suffer as & rosult,
even though abundant moisture is supplied at a later date,

Average Deficit in June, 1921-1950 {2® storage capacity) (Fig. 28)

The wheat plant has a greater but atill limited capacity to reach soil

molsture supplies in June. A 2 inch storage capacity may be a reasonable
base for mapping deficit patterns in this month, The area of drought is

st11l 2 broad one but the dry belt pattern is becoming apparent.

Average Deficit in July, 1921.1990 (&® storage capacity) (Fig. 29)

In July the whmat plant has & well developed root system and it is able to

ntilize meisture from a much larger volume of soil. A molsture~storage
base of 6 inches 1is perhaps the most useful but this is potentially aveil-

able only in the finer soils, The dry belt patterns are now well established.

Average Deficit in May, June and July, 1921-1950 (i®, 2* and 6" storage

capacity) (Fig, 30)

The moisture deficit patterns for whoat in these three months are possibly

the most useful of the patterns suggested but local research studies should
help to confirm or correot the assumptions used. It is certainly trus that
the valuas suggosted are more valid then these for the full growing season
(Figs., 3, % and 6).



V. WATER DRFICIT PATTERNS IN UHE PRAIRIE PROVINCES
LOWRY ~J CHNSON, BLANET-CRIDDLE PROCEDURES

The Thornthwailo procedures used in chtaining the data mapped in Chapter IV
are aspirical and, although widely tested, are not necessarily the most
correct for local conditions. Two other procedures that have been dia—
cussed previoualy {Chapter III and Appendix 4} have been applied for a
number of Prairie Stations and the maps can now be reviewed. The Figure
mumber sequence used is that of the maps.

Average gonsumptive Use: May-September, 1921-1950 (Lowry-Johnson)
{Fig, 31

The "Consumptive Use® of Lowry-Johnson is very similar in concept to the
"Potentisl Evapotranspiration® (Fig. 2} of Thornthwaite. It will be noted

if the two maps are comparsd that the pstterns and the values are very

#gimilar. The Thornthwaite values are vary slightly larger in this comparison

but the difference 1s largely the P.E. of April, October, and Novasber,
The Lowry-Johnson values sre actuslly very slightly higher for the
corresponding periods. Lowry-Johnson proceduras have not besn applied for
stations in the Alberta mountain and foothill areas or in Northern Saskat-—
chewan and Manitobs and the isoline values for these areas have nol been
included on the map. It is probable that they would be very similar to

those based on Thornthwaite procedures.

Average Moisturs Deficit 1921-1950 (Lowry—Jchnson) (Fig. 32}

The molsture deficit values of this map exceed those of the Thornthwaite

®average” deficit (4 inches storage, Fig, 3) by a significant amount in

almost all areas. This is probably because there is little or no ellowance
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for moisture storage al the start of the season. The areas in Western
United States in which the procedure is widely used {Bureau of Reclam-
ation) have very little soil moisture at the start of the growing season,

Average Moisture Deficit 1921-1950 (Lowry-Johnson) (Less storage on May 1,
i storage capacity) {Fig. 33)

The storage values of May 1, the start of the growing season, are those
based on Thornthwaite procedures, If these are subiracted from the

moisture deficit of the previous map, average deficit patterns very similar
to those of Fig. 3 ars established. Gradients are stespensd slightly
because the humid areas have similar values and the drier sress have slightly

greater values.,

The water demand in irrigation is sliphtly grester than that indicated in

Thornihwalte-based maps but the patterns are generally the same.

It would appear that there is little conflict between ths results of these

procedures if some allowance ia made for moisture storage,

Average Conswuptive Use, Alfalfa: May-September, 1921-1950 (Blaney-
Criddle) {Fig. 34)

The "Consumptive Use”" of Blaney-Criddle may also be compared with the P.R.
of Thornthwaite. There is a greater difference betwesen thess than hetween
the Lowry-Johnson consumptive use and Thornthwaite's P.E, Perhaps the
major reason is that the Blaney-Criddle procedures wers developed in the
southern irrigated areas of Western United States. The consumptive uss
patterns farther north in the U.8. could be accommodated in this empirical
procedure only if fairly large alleéwances were made for increasing summer

day lengths with increasing latitude. It would appear that these allowances



when applied to Canadian regions where day length in swmer increases

very rapidly to the north, are a bit high in the JSouthern Pralries and
vory high in the North. It is unreasonsble te suggast that Fort Vermilion
in the Northern Peace River couniry should have a greater seasonal capacity
for crop growth (hest adequate to require 24.9 inches of weter per year)
than aress in Southern Saskstchewan (Midele 24.4, Whitawood 24.2 etc.).

If allowance is made for possible error in a north-south direction because
of this facter, it will be seen that isoline orientatlons are very similar
to those of the maps based on Thornthwaite and Lowry-Johnson proceduras,

%varage ?onsumptive Uss, Wheat: June-August, 1921-1950 (Blaney-Criddle)
Fip, 35

In the Blaney-Criddle procedurs, a lower consumption faclor is employed
for wheat than for alfsifs in the same period of growth. It is assumed
that wheat will consume water less rapidly than 3lfalfa. The rate of use
and the period sre both smaller and thus there is an appreciably smaller
consumptive use than that indicated on the previous map. Once agsin,
however, the latitudinal allowance would appear to be excessive. Except
for this, regionsl patlerns are compareble Lo those of maps based on

Thornthwaite and Lowry-Johnson procedurses.

Average Soil Moisture Deficit for Alfalfa: May-September, 1521-1950
(Bleney-Criddle) (Less storage on May 1, W* atorage capacity) (Fip. 36)

Tho moisture deficit for slfalfa, based on the Blaney-Lriddle procedure
is significantly higher than that based on the Thornthwaite procedure.
{Fig. 20). An allowance for storage on Mzy 1 has been subtracted but
the results ars still & to 6 inches in excess of those of Fig. 20. The

major patterns are similar on these maps though the values differ. Local
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studies made to ostablish local values could be adapted for comparative
purposes to either map.

Average Soil Moisture Deficit for Wheat:  June- August, 1921-1950
(BlangI-Criddlez (Less storage on June 1, 4" storage capacity) {Fig, 37)
The moisture deficit patterns for wheat are very similar in value and
pattern to those on a map employing the Thornthwaits procedurs. (Fig. 25).
The moisture storage allowances of the Thornthwaite procedure are again

used and this contributes to the degree of similarity.

Tt would appear that the major patterns of water need and moisture deficit
are very similer when different procedures are ussed. This wonld tend to
indicate that these patterns are valid though some of the values might be
modified slightly by regional studlies. Other procedures are avallable,

but since the ssme variables are used, there is 1ittls reason to expect
najor differences in pattern even if some of the values wight differ
slightly., It would probably be bstier for us to zpply the resulls of

local studies to revise the values suggested, rather than conduct additionsal
genersl studies using other procedures. The patterns developed appear to
be valid when compared with patterns of crop ylelds. local research studies,
weter demands, etc. and it should be poasible to apply the results of local

sludies to other parts of the Prairies more reliably than previously, now

that thess maps are available,



PART II, WATER SURPLUS PATTERNS

Vi, INTRODUCTION

The information on the water deficiency pattsrns that has bsen mapped

and describasd in Part I of this study becomes more significant and use-
ful if water surpluses occur in areas with deficiencies and information
on both can be related and evaluasted. Simiiarly, s study of water sur-
pluses gains importance from the fact that deficiencles are emperienced

because added uses for these surpluses are indicated,

Part TI of this report is thus a roview of water surplus patterns in the
Prairie Provinces, and & discussion of some of the ways by which the sur-
plus and deficiency patferns can be related to each other and Lo the grow=
ing demands for water uses in the Prairie Provinces. A reference list and

supplenentary appandices complete the report.

Many of the patterns, procblems and associatlions that are described and
discussed have been recognized and much has been written and done zbout
them, It is hoped that, with the different procedures employed in this
study, surplus and deficiency patierns willl have been more closaly defined

snd the use relationships discussed will lead to further studlies and

applications.
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VII. WATER SURPLUS PATTERNS IN THE PRATRIE PROVINCES

When we process precipitation snd temperature data according to Thorne
thwaite procedures in order to deteormine water deficiency patterns we

are loft with a residusl category cslled "water surplus* ,* This temm

1s sometimes confused with or used synonymously with *rupcff® and Ystresame
flow." In semi-arid and sub-humid regions particularly, differences
batween £ham msy bs significant and should be recogmized. The water sur-
plus is that water which percolates at levels beyond root depth or moves
in surface flow toward sireams and depressions after scil-moisture storage
capacities have been recharged to a specified level, e.g. &, 1, 2, 4, 6,

8 or 12 inches (ses Appendix B). In practice, surface runoff may take
place in areas of fineatextnred or tightly=frozen soil during intense
rains or periods of Snow. melting before recharge to these levels hag bsen
completed. The term ™runoff®, used singly, denoctes both surface and sub=
surface flow, This is usually greater than measured streamflow by the
amount of such water that has been evaporated from water surfaces, including
that from looal depressions, and that has been transpired by phreatophytes,

Streamilow is that which is or might be measured in streams and rivers.

In theory, we might obtain as much informstion as we need about surface

and subsurfece water supplies from the measuremsnt of stresm and groundwater
flow. In practice we do oblain a great amount of information from suech
measurements but major gaps ars present. The data aro inadequate for most
areas and have been accumulated for only short periods of time for many

stations, We do not know how representative they are in eithser time or

* See Chapter 1II



place because of the many variables involved; climatic, topegraphic,
biotic, pedologic, etc. A thorough understanding of water supply
patterns ma,; be gained only if all of thess are considered. If climatic
parameters can be used, many runoff relationship patlerns may be
developsd because measurements of temperature and precipitation ars

more widely available and cover larger lime perlods than measurements of
other varisbles. In addition, local variations dus to biotic, pedologic,
topographic, and other factors may then be separated and identified.

The Thornthweits procedures are perhsps the most useful in illustrating
the effects of the major climatie variables (precipitation and evapo-
transpiration) upon regional surplus patterns., If reasonsble allowsnces
ars made for the differsnces between "surplus,* runcff and messured stiream-
flow patterns, we may establish each in general and suggest local vari.

ations if we conaider local storage and water use pstlerns.®

The gensral patterns of water surplus in the Prairie Provinces have been
mapped and may be reviewed as waler deficit patterns were reviewed in
Chapter IV.

Average Surplus, 1921-.1990 {4™ storage capacit Fig, 438

If we assume that there is no runoff until & inches soil.moisturs
storage has been recharged and that a1l water in excmss of this is sur-
plus in =1l parts of the Prairies, we will have a standard base for com-

paring water surpluses of different areas. Allowances for some of ihe

* Ses Appendix A and Chapter VIII.
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varialions are noted in later map descriptions, but il is remarkable

how ¢losely the patterns showm conform to patiterns of average stream.
flow if allowance 1s alsc made for local evaporation and phrestophyts

losses.*

The average surplus patterns in the Prairies may be related to the pre.
c¢ipitation, potentlsal evapotranspiration, and deficit patterns noted in
Chapter IV. The arsas with the mnalisst surpluses are the lower-lying
plains and valleys of South Eastern Alherta and South Western Saskat..
chewan where precipitation is Jow, potentlel svapotranspiration is high
and deficits are largs, All stations had at least one year with a sur-
plus, thus there ls ne zero isoline such as one might find if sverage
temperature and prscipitation records were used in the calculations,®*
The area with less than 1 inch surplus extende farther to the north than
night be anticipated from reference to the water dsficit patterns noted
previously. This is due largely to the fact that most of the summsr
precipitation, which is a largs proportion of the total, is evaporated

or transpired and runcff is accordingly small.

Surpluses average over 4 inches in Eastern Manitoba, the foothill amd

mountein regions of Alberta, and in a few hill areas within the plains,
6.g» Cypress and Swan Hills, Some arsas near the continental divide in
the mountains where precipitation is high and evapotranspiration is low,

have yields of over 40", Some mountain vallays, sspecially at a lower

* See the section on groundwater in Chapter VIIT,

** As reported by M. Sanderson 1948, see Chapter III. Lywan Chapman
has alsc used thig simplified procedure in his ARDA Agro-Climatology
map series (1965).



eleovation and seme distance from the divide, haves 1ittle or no surplus,
These local patterns, which cannot be shown fully on & map of this scale,

are mapped in greater datail elsewhere.®

It is apparent that a large part of the surface water supplies in the
plains must be obtained from streams that rise in the mountain and foot-
hill areas in the west, and in the Shield sreas to the north and eant.,
The surpluses of the drier regiona are nevertheless very significant
because they oceur in areas of seasonal deficit and should thus be.

studied closely so that they mey be managed effectively,

Maximum Surplus, 1321-1950 (4" storage capacit Fi

The maximm surpluses of the .ysar pariod occurred in different years

in differsnt areas., They were produced, in combination or in part, by
sbove=normal fall rain that recharged soil-molsture storage, heavy

winter snow, a celd winter and late cool spring with little evaporation
loss, heavy rain in spring and early surmmer, and occaslonal intense local
storms in summer. Flooding occurred because channels formed in years of
lesser surpluses were unable to hold the larger supplies. In the drier
reglons the problems were accentuated becanse many areas that normally had
runoff into local depressions had overflow into adjoining basins and added
to the problems of the latter.*® The maximm surpluses are important for
their flushing value, stagnant and alkaline ponds ares freshened and calcium
carbonate concentrations in soils are reducsd or moved to lower levels. It

1s of interest that deficits also occurred in many of ths years in which

* Laycock 1957

*¢ See Stichling and Blackwell 1958 and Laycock 1959.



maximum or near maximum surpluses were exparienced., Moisture in soil,
ressrvoir, lake and groundwaler slorage may last well into the follewing

¥ear, or years.

Minimmn Surplus, 1921-1950 {#® storage capacit Fig, 40)

Almost all parts of the settled prairiss experienced at least one year

in the 30.year pericd in which there was no water surplus., In the driest
areas over two-thirds of the years do not have surpluses afier a recharge
of 4 inches of soil-moisture storage {see Appendix B}. It is apparant. that
if runoff is to occur in these areas in the dry years it nust come from
intense flash storms on soils with limited infiitration capaeclty, rapid
snowmolt with runoff before complste soll-molsture recharge to 4 inches,
areas with solls of less than 4 inches storage capacity and groundwater

carryover from weiter years,

The very limited and undependable local surface water supply of the
major agricultural areas of the prairies is indicated., In contrast the
minimum surplus of mountain areas in the wesl is well over 30 inches in

some of the ice flglds along the divide.

Surplus, 1927 (#* storage capacit Fic, 41

In 1927 wany parts of the southern plains had largsr surpluses than 4n
any other year of the 30-year perlod. Many arses farther north thad
relatively =msil surpluses, e.g., Pesce River to Watrous, and moderate
deficlencies (Fig., 13). Local variastions are more striking for a single
yoar than for a long period and these help to explain why local floods

may not be reflected in outstanding streamflow for major basins.

* fThe yeara 1927 and 1936 have been salectad to show an exceptionally
wel and an exceptlonally dry year in the southern plains, OCther
areas, e6.g+ the Peace River, bhad dissimilar patterns in these years,
Maps of other years of the period 1971-1956 exhlbit many other local

and racinnal varictions.



Surplus, 1936 {4* storage capacity) (Fig. 42)

The severs drought of 1936 (Fig. 12) in the southern plains is only
partly reflected in surplus patterns. Many stations still had small
surpiuses in spring before the droughi period began, and others had
surpluses from the locel intense showers that are such a striking feature
of prairle precipitation. Heavy general rains are particularly lacking
in the drier years. Improvements in soil-moisture storage, and in the
use of surface runoff in spring through the dovelopment of dugouts, stock-
watering dams, and small irrigation projects can help to reduce the
effects of drought in most years., Stubble-mulch tillage, the use of snow
fences and shelterbelts, basin listing, snow plowing, etc. can help to
reduce the loss of moisture by snow blowing and may contribute to loeal

areas having netl receipts of molsture from adjoining areas,

Median Surplus, 1921-1950 {J# storage espacity) (Figz. 43)

Medisn values of zero surplus are present in the drier areas but average
values (Fig. 38) are approached in the more humid reglons where surpluses
are prasent in most if not all years, The very small surplus svailable
in half of the years in much of the settled prairie is such that 1imit-
atlons in use must be anticipated. Groundwater supplies are sometimes
¢laimed to hold great promise but these cannet be used for long at a

rate greater than that al which locel recharge takas place. Recharge can
be only a part of tho surplus indicated in this map series because rmuneff

into local depressiong and streams slsc occurs.

* The years 1927 ard 1936 have been selected to show an exceptio
wet and an exceptionally dry year in the southern plains, Other
areas, ©.g. the Peace River, had dissimilar patterns in these years.
Maps of other yesrs of the period 1921-1956 exhibit many other local
and regional variations.



Moisture Surplus, Upper Quartile 19211950 (4* storage capacity)
(Fig. 4¥4)

The planning of water resourco use is made easier if frequency-intensity
patterns of supply are known. If the wetter one-quarter of the years
have surpluses of the smount shown, or more, some planning for the use
¢f these surpluaes may be done. Thesa are the years in which most of
the groundwater recharge, fresheming of brackish sloughs by ovserflow to
streams. and most flooding takes place., Culvert and bridge design,
drainage-ditch specifications, etc. will vary {rom place to place to
some degree aocording to the patterns shown here and in Flg., 39.
Obvicusly other pattorns illusirated in this serles and local factors
must also be ¢onsiderad.

Moisture Surplus, Lower Quartile 1921-1950 (4" storsge capacity)
(Fig. 45)

The driest guarter of the years have thls surplus or less. 1f water
supplied for dugouts, stockwatering dams, cormunity water supplies, ote,
must be adequate for at least thrce-quarters of the years (supplementary
supplies must be found for not more than cne-quarter of the years), the
values shown indicate that a very large part of the pralrie has vary
inadequate amounts, It is apparent that locsl supplies must come from
areas with lew infiltration or storage capacities, or that artificial or
natural concantration of the available water must occur, e.g. through
the drifting of snow into shelterbsalts or wooded depressions, ste. The
surplus from an area with normal storage is inadequate for most local
uses, but this is desirable in torms of crop growth because crops should

use all of the available moiature,
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Average Surplus, 1921.1950 ‘12' storage capacity) gFig. Lé)

The average (4 ineh} storage capacity maps show only that surplus which

is available after 4 inches of storage capacity has been recharged,

The finer-textured soils under crops with deep-rooting habits have greater
soil-moisture storage and use. If the useable capscity® is 12 inches,

no surplus is avallable in a large part of the prairie, roughly from
Edmonton to Brandon. Surpluses following the full recharge and limited
withdrawal in a series of wet years have occurred occasionally in mors
humid agricultural areas. Larger surpluses, bccurring every year, alre
available in mountain arsas, Contributions to runoff and streanflow are
unlikely in most wooded areas in the plains unless moisture concentration

has taken place, e.g. from drifting enow, groundwater, stec,

Average Surplus, 1921.1950 (3® storage capacity) {Fip. 47)

Many areas with coarse-textured e¢ils are present in the prairies., If
we conslder tho surplus patterns of a sand with only a % inch of availaole
moigture (a non.agricultural soil if we think in terms of a full year,
but guite possibly representatlive of a soll in spring when seedlings have
limited root development, see Appendix B), we can illustrate the grestor
surplusos of those areas. Average surpluses of over 2 inches oceur in
the driest parts of the plains, e,i. in the Great Sand Hills north of the
Cypresss Hills., These are sufficlent to provide a significant streamflow
when sireams in sreas of better soil-moisture storago nearby are dry.
Similarly, the contribution to strovamflow in the sand hills hetween
Brandon and Portage la Prairie is more than double that of neighbouring

clay plains. OGroundwater recharge 1s particularly large in sand-plain

* See Appendix B,



areas and this detention storage contributes to a much less variable

streamflow than is present in clay-plain areas.

The large runcff of the Canadian Shield 1s dus in large part to the
limited moisture storage of many of tho surface materials. Bare.rock
areas have well under 5 inch storage capacity and a very large proportion
of the precipitation runs off. This is partly balanced by the evaporation
from the extensive water and marsh surfacss, but the larger lakesas are

cold and evaporation is not very large. Bare=rock areas in the mountains
also have limitad storage and large runoff. Water surpluses of 40 to 50
inches and more are locally available.

Moisture Surplus, Upper Quartils 1921-1950 (i* storage capacity)
(Fig, 48)

In the wettest quarter of the years the water surpluses of sandy-soil
areas approsch 4 inches in the driest parts of the prairies., Groundwater
recharge in these areas is very sigpnificant and streams rising in sand
pleins way flow for long periods following thisz recharge. Shleld and
mountain areas have major surpluses for sireamflow., Flash flooding is
uncommon in most of these reglons because of detention storage in sand,
mountain detritus, widespresd lakes and marshes, and the deferred melting
of much of the snow present. Local exceptions are present in mountain

areidSe

%oisturebsurplug. Lower Quartile 1921-1950 (1" storage capacity)
Fig, 43

The surpluses of areas with limited detention storage are still very

significant in the drier quarter of the year. Three-quarters of the

years had surpluses of over 1,2 inches in the drlaest areas to the north
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and south of the Cypress Hills, and few zeroc values wers recorded for
the driest yoars. The greater dependency of these surpluses is due

in large part to early recharge of moisture-storage capacities in winter;
much of the resl of winler precipitation is then surplus. Some evapor~

ation that takes place in winter is now adequately rocognized.®

Seasonal Water Surpluses. 1921.1950%%

{Figs, 50, 51, 52, 53. S4%, 55, 56, 57, 58 and 59}

In Septenber of most years evapotranspiration exceeds precipitetion and
water surpluses ars almost wholly absent in the Prairie Provinces. 1In
nolst years, when precipitation exceeds ovapotranspiration, the excess
moisture 1s ususlly contributed to soil-moisture recharge because 1ittle,

if any, molsture remains in reserve after the summer period.

In October precipilation most commonly exceeds evapotranspiration and

most of this moistura emters into soil-moisture sloraga. Some is detained
upen the surface as snuow which may last until spring befors coniributing
to soll-melsture recharge or runoff.** Areas with very limited storage
capacities, e,g. coarse sands, shallow soile, and bare rock largely in the

mountains and Shield, usually have amall surpluses in October.

In Ncvember to February precipitation quite generally excesds svapotirane..
piration, but the difference 4c atill now adequate upon melting in spring

to recharge soil.-wmeisture storago to # inches in tha southwestern parts of

* See Appendix A

** Although & number of wmaps have been drawn up, only 10 have hsen
selected to show some of the patterns described.
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Saskatchewan and Scuth Bastern Alberta. The evaporation and sublime

ation of a part of this moisture is nomal in these areas.* The surpluses
elsewhere are largely detained upon the surface as snow and are not

reflected in stresm{low in winter months.

In March, precipitation still exceeds evapotranspiration in most areas

in most years. As noted in Fig. 50 (March surplus, £ inch storage) ihe
surplus in areas of limited moisture storage cspecity is over 4 inech in
almost all areas. To this might be added & part of the surplus of previous
months which is available as snowmelt runoff. In the drier parts of the
plains most of the anmual runoff occurs in March and Aprii. Fig. 51

{March Surplus, 4 inches storage) has much lower values in the drier

parts of the prairies because soil-moisture storage capacities are usually
not yet refilled to the 4 inch level. In the wetter areas this is less
frequently true and the isoline patterns are comparable to these of the

previous map.

In April, May and June (Figs. 52, 53 and 54) the average surpluses become
smaller as average cvapotranspiration increases more rapidly than average
precipitation, Moisture in storage is depleted and rains must be increas-

ingly heavy Af surpluses are to occur.

Moisture in storage at the end of April (Fig. 55) is slightly less than

at the end of March in the more humid regions (it was then at or very near
the # inch capscity level). In the drier southcentral plains areas moisture
levels do mot resch 4% inches in over half of the ysars, thus the average

at the stert of spring seeding is weall below this amount,

* Soe Appendix A



Although the average surpluses declino from March and April into May
and June, streamflow incresses to higher levels in the latter months

in all bul the drier sress. This is due o lale springs and delayed
melting of snow {particularly in the higher mountain and northern Shield
areas), detention of surpluses in soil, groundwater and channel storage
for delayed release, and occasionally to the occurrence of beavy rains

when 1ittle reserve storage capacity is available.

In the wetter springs when evapotranspiration withdrawals are small

and heavy rains occur, quite large surpluses are locally available 4n
March, April, May and June (Figs. 56, 57, 58 and 59). The maximum
surpluses (in a fow cases the only surpluses of the 30-year period)

vary greatly from one staticn to the next, perticularly in late spring

and early swmisr when thunderstoms are common. In March heavy snowfall

is occasionally received in the more western and eastern areas. The

lesser snowfall of the centrzl plains is gresater than is revealed by

this map, however, hecauss that which c¢ontributes to soil-moisture

recharge is not surplus. In April the heavy snowfall of some years in

the foothliils and westorn plains margin contributes to large surpluses.

In late May and June humid air from the Gulf of Mexico may relsase large
amounts of woisturs as far west as the foothills and front ranges of the
Rockies. If prior moislure reserves are high, major surplusas are produced,
In Mey the offect of heavy raine in 1327 in the southern plains is strikingly

apparent. Longer pericds of record would reduce local variations, e.g. the



u7.
low maxima of northcentral plains areas. An extension of the period
into the 1950's would reoflect the heavy precipitation of April 1952
in the Cypress Hills, June 1953 in the southern foolhills, Auvgust 1954
in the central foothills, and May 1955 in South-Central Saskatchewan.

In July and Auguat surpluses are very infrequent in most parts of the
Prairie Provinces including the mountain and Shicld arsas that have
modorate moksture storage capacities. Streamflow contimues at a
declining rate, largely from detentlon storage becavse evapotranspiration
excesds precipitation almost everywhere and in almost all years. The
occasional heavy raln usually conlributes more to scil-mcisture recharge
than to runoff, In areas of limited storage capacity, surpluses occur
more frequently. The average based on monthly data is slill usually

gero, bul that bssed on daily data is occasicnally large.*

Seasonal surpluses in areas with 12 inches storage, e.c. deep but pene-
trable fine-taxtured soils ard a}falfa or tree cover, are absent in a
large part of the prairies (Fig. %6) and occur 4n the winter and spring
of occasional years, usually st the end of a series of wetl years, in the
remaining pleins areas. In the wetter mountain-foreat areas the heavy
pracipitation is adequate for soil-molsture recharge and a surplus in
every year. In the drier mountain and foothlll foresatls, surpluses occur
in sane years, but deficits are also common (Fig, 6). Shiocld areas also
have undependable yields from areas with large wilhdrawal of moisture
from storsge, yet areas with limited scil-moisture storege zre so much
more widespread that the effects upon streamflow are noticesble only

in =small basins on the scuthern and western wargins,

* See Appendix A,



VIXI. APPLICATIONS OF WATER 3ALANCE STUDTES

1. Introduciion

A discussion of the uses of individual maps of water-surplus and deficit
patterns becomes repetitious when a number of different maps may be
amployed for particnlar needs, e.g. for irrigation scheduling or flood
limitation programmes. Xn addilion, altornative maps may be employed
for specific needs and referance to such a use in the discussion of any
one map may seem arbitrary and exclusive. Much of the discussion of

how the maps in this sludy might be employed has sccordingly been post-

poned until this chapter.

The obtaining and dissenination of infermatlion concerning water rescurces
are among the major objectives of many agencies including the International
Hydrologic Decade, national and provincial resources conferances, rasearch
councils and foundaticons, federal and provinclal goverrment departments

and sgencies, and educational institutlons. The need for improved bagic

and derived data is becoming increasingly apparent,

The major objective in this study has been educatlional in the breoad sense
of the term, We wish to obtain a bettor understanding of water supply

and water deficit patterns and, with the use of procedures developed by
Thomthwalte and othera, wma are sble to use widely available data in
relating the component parts of the water-balance equation to sach other.*

With the basic informalion on rotential evapoiranspiration, water surplus

* Sea Chapter TII



and water deficlency obtained in this study we can alsoc asuggest relation-
ships of each 1o water demand., These darand ampects are discussed

briefly following & review of the characteristics of water supply.

Although a number of the relationships noted in thias chapter have been
studied and developed in varying degree, only a limited discussion is
presented. It is hoped that the following comments and suggestions will
lead to further studies and to useful applications of the maps prepared

for this report.*

2. Climatic Classiflcation

Many climatic elamonts, singly and in combination, have been classified

so that ragional description and comparison may be [facilitated., We

might very usefully compare the potential svapotranspiration of different
regions in order Lo locate aresas with similar crop growth potentisl

and products, Thils index is comparable to various degree-day indices,

e.g. above QZOF. snd is used in the same ways. Its advantage is that

the values arc oxprossed in terms of the amount of molsture needed,

thus comparisons with water supply ere facilitated. Thornthwaite has
grouped the values for easier rogionsl comparison into nine major divisions

for the world. Five of these are present in the Prairie Provinces (Fip., 60).%*

* Space limitations preclude publication of more than & selected
portion of the maps that have bean prepared.

#* #Frost® (below 5.61 inches potential evapotranspiretion) in
alpine ice fields and "Tundra® (5.61 to 11,22 inches FE) in alpine
areas, generslly above the tree line, ars not differentisted on
the map; ®Coocl Microthermal® (11.22 to 16.83 inches PE) in the
lower mountain aresas and near Hudson Bay; "Warm Microthermal®
(16.83 and 22.4% inches PE) in most parts of the Prairie Provinces;
arnd "Cool Mesotherwal™ (22,44 to 28.0% irnches PE).



The warmer-thsn-average helf of the Warm Microthermal (19.64 to 22.44
inches PE) and the Cool Mesothermal divisions contain almost all of

the cultiveted land of the prairies. Climatic analogues elsswhere, e.g.
the cool margin of the Cool Mesothemsl division in Eastern Canada runs
from southern Georgian Bay to just northeast of Montrseal (Thornthwaite,
Mather & Carter, 1958, Chapman, 1965), may be identified and it is
apparent that the warmesi parts of the prairles, e.g. Medicine Hat, have
shorter and cooler growing seasons than parts of Southern Ontario and

British Columbia.

Yarious moisture indices have alsoc been plotted (Figs. 61, 62 and 63},

The relation between water surplus and water need constitutes an index
10Cs
n

of humidity (Th) which is expressed Ih = » whore S is water surplus
and n is water need {potential evapotranspiraticn}. Tt will be noted
(Fig. 61) that the range is from slmost zero in the drier plains to
over 15 in the more humid plains, and over 50 in the welter parts of
the Rockies, Comparison wilh patterns elsewhere shows that the prairie
has higher index values than many grassland areas of other parts of the

mid-Jatitudes.

A similar index (Fig. 62) using deficits rether than surpluses shows
the aridity patterns present. Larger aridity than humidity index
values are common indlcaling lthat deficits exceed surpluses in most parts

of the prairies,

#oth surpluses and deficits ocenr at most places in the Prairie Provinces.

A "Moisture Index™ in which both are ineluded (Fig. 63) ie calculated

_ 1005 - £0d
- n

Im « Since surpluses may be carrisd over in subsoil-moisture

sterage intc a dry season, the daficit value i3 not stressed as

504
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much.* By this classification there are no arid aress (below =40} in
the Prairies and most agriculturel areas are semi-arid or subushumid,

Humid areas are present only in the Rockies and near Hudson Bay.

Although general patterns of climate, using Thornthwaite classificstions,
had been established previously for the Prairies and for other ragions ,**
they are cutlined more precisely here than has previously been possible.
The revisions overcome many of the criticisms of the Thornthwaite procedures
that have been made on the basis of patterns previcusly mapped, e.g. in

the excellent preliminary study of M. Sanderson in 1948, The differsnces
are attributable in large part to our using averages based on caleulations
of all of the years of the period rather than upon mean temperatures and
precipitation data ., *** Sevsral other publications, e.g. "Wator Balancs

in Eastern North Americs™ might usefully be refined in the same way.

Thornthwaite procedurss have not been used here in mapping seasonal vari-
ation of effective moisture or summer eoncentration of thermal efficiency.
The summer concentrations of heat and moisture are generslly high in most

sgricultural areas,

Climatic maps, in addition to facilitating comparison with other regions,
provide & good comparative patiern within the Prairies. Many of their

uges are discussed in later sections,

* In some comparisons of more recent years involving the use of
larger storage in calculation of averages of surplus and deficiency,
equal stress has been given to surplus and deficiency. The valuss in
te clder index presented here show useful patterns in the prairies.

** Sanderson, van Hylcksma, eotc.

**% See Chapter III.



3« Surface Water Supply

The characteristics of surface water supply vary greatly from one part

of the Pralrlie Provinces to another.,

In the mountain and foothill regions,* the water yields are large

(Figs, 38 and 47) bocause of the high precipitation {(Fig. 1) and low
evapstranspiration (Fig. 64},#* The variation from one year to the

next is large but there is a significant and dependable flow in every
year. Streamflow is concentrated largely in the late spring and early
summer months when winter snows melt and run off. Detention storage

in colluvial, alluvial, and glacial deposits is significant, nowever,
and flow in other seasons except for early spring is larger than that

of the plains. Floodinpg is generally not a major problem because stream
channels are naturally sble to contain = large flow, and snow melting is
not highly concentrated in time because of the wide ranges in elevation
and temperalure present. The streams are turbid much of the tims but
most of the material carrisd has been mechenically weathered. The srosion
of weathered soil is 1imitad where forest cover is presenmt and organic

materials ara not abundent in streams. Lime contenta are high.

Many local variations ere present in the meuntein and foothill region.

Some of the lower sastern-mountain valleys, e.g. Jasper, Kootenay Plains,
Yaha Tinda, Cammore, ete., have only small surpluses whils the higher

back-range areas, some with ice fislds, have local yields of over 50 inches.

* 5See PPWB Report No. 6 for a more detailed review.

** It is thus appsrent why water yislds are so much largcr than those
of plains origin, e.g. in the dry year 194849 the mountains and
foothills with only 16% of the basin area contributed approximately
90# of the flow of the North and South Saskatchewan Rivers {Laycock
1954 and 1960).



The heavy back-range snowfall in winter is more dependable thay the summer
rainfall which is & greater part of the foothills precipitation. In
addition, the carryover of ice from one year to the next in ice fields
tonds to reault in higher flow than might otherwise be present in low-flow
years which are usually wam, and a reduction of yield in the high-flow
years which are nsually cocl. The snow snd ico of the back ranges starts
Lo melt later in spring and the melting period lasts longer in the summer
than in lower areas to the east. Surface detention storage is low becanse
of the widespread bare rock and stony-surfaee material, and the limited
ext.ent of lakes and marshes, Lakes in cirgues and in valleys hehind
moraines are present but the high rate of in-filling and the heavy cutting
at outlets makes most of them relatively short-tarm featurss., Flaszh
Tooding 18 a far grester problem in southern foothill areas than in
mountains behind the front ranges because of the greater exposure to
occaslonal rainstomms of long duration and great intensity in late spring
or early summer. More organic soil is eroded and carried, particularly
whers man andfor fire has accoeleratsd natural processes. Lime contents
are lower in the foothills however, because limestone rock is less widespread

than in the mountains,

The sub-humid plains (Fig. 63} have moderate to small but variable yields
(Fig. 38}. The largest and most depondabla ¥ields within the plains cecur
in the foothills margin in the west, outlying hill areas, e.g. Swan Hille,
and the "mountains® along the Manitoba Escarpsent, and on the Shield margins
in the esst. Precipitation (Fig. 1) is frequently less than potential
evaporation (Fig, 2). and the surpluses of spring (Fig. 38) are followed

by larger defiecits in summer (Figs. 3. 4% and 6}. 7The surpluses
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are normally small but above normal fall rains, heavy snowfall and cold
temperature in winter, late cold springs with heavy =snow or rainfall,

and intense rains in the early summer befors soil-moisturs reserves are
depleted may in combination contribute to heavy runoff, Most areas will
contribute to streamflow in the wetter years (Figs. 39, 41 and 48). In
the drier years the lesser runoff may not be sufficient to £i11 local ‘
basins and contribute to streamflow (Figs. 40, 42 and 49). In undulating
to rolling-glaciated terrain these depressions are numerous and surface-
detention storage in sloughs, lakes and marshes is largs. Controlled
drainage of some of thess depressions might add to streamflow and to the
improvemert of land use (Laycock, 1959). Normelly, the greatest and most
dependable streamflow occurs during the sncwmelt period (Figs. 51, 52, 56
and 57}, but heavy rains in spring and early swmmer may produce large
local runoff (Figs. 53, 54, 58 and 59). A significant part of the stream-
flow is derived from runcff before soil-moisture storage capacitiés have
been filled, e.g. in lacustrine plains., This flashy flow creates local
flood problems, particularly since ™normal® flow is inadequate to develop
large or well-defined channels, The streams are turbid with organic and
Tinely-weathered topsoil, particularly where summerfallow has been eroded.
Since the greatest urban and industrial use of water is on the plains,
pollution may reduce the value of water for other uses here more than in
Shield or mountain areas, In the more humid northern areas surpluses are
larger, deficits are smeller and extensive marshes and lakes provide sur-

face-detention storage which rassults in a less flashy flow. Flooding
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sometimes occurs when chamnels are blocked by ice and eannot Qarry the
local runoff or streamflow from warmer upstream areas. Streanflow volumes
are larger than these maps indicate, thus srrors in snow measurament,,

etc, are probably involved.*

Local variations in the plains are again very great despite the much
snaller topographic variety (Laycock 1959s). North-facing slopes have

a delayed snowmelt runoff, lower potential evapotranspiration,.and

possibly slipghtly greater precipitation, and thus have larger water yields
and better regimen than most south-facing slopes. Undulating to rolling
terrain has greater local drainage into depressions than the flatter
lacustrine plains. Some of this may move as groundwater to streams but

a large part evaperates leaving brackish or alkaline water, or almost
useless eoncruysted alkali flats.** Sand plains with their limited 5011la
moisture retention-storage capacities have larger surpluses (Figs. 47, 48,
49 and 50}, These contribute to a more stable streamflow because of glow
release from detention storage, but marshes in many.of these plains have
heavy eveporatlion ard transpiration losses. Most forest areas, with

greater use of s50il moisturs from storaée, have maller surpluses (Fig. 46),
less surface runoff and smaller deficits (Fig. 6) than adjoining cultivated-
¢rop areas. They also have batteriflow regimen, less floeding and better
quality flow. Guily orosion has héen accelerated where cultivation and
overgrazing has occurred, particularly on the margins of deeply-incised

streams and spillway channels.

* Appendix C

** Some of these are mined for sodium sulphate

h
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The semi-arid plains ususlly have lower precipitation {Fig. 1), higher
potentisl evapotranspiration (Fig. 2}, larger deficits {Fig. 3}, and
smaller surpluses (Fig. 38) than the more humid plains, Surpluses
frequently de not occur {Fig. 40), and stresmflow is small and dependent
upon areas of limited storage capacity (Figs. 47, 48, 4 and $0) and
intense storms, The melt-water runoff period is short and early (most
often in March or early April}, but surpluses are limited in many years
to areas of collected snow, s.g. in shelterbelts., Surface runoff

¢an be highly erosive in the wetter years (Fig. 48) because the natural
vegetative cover is light and offers only partial protection. Flooding

is brief and may be succeeded quite soon by dry, or zlmost dry, channels.

The acceleration of erosion by man is facilitated by the climatic and
geomorphologic patterns of the last ten thousand years. The terrain,
following glaciation, was very youthful in terms of ths fluvial- erosion
cycle. Streams could ineise quickly and deeply into the soft-glacial
drift, and gully erosion was facilitated by the steep gradients provided,
Most of the period since glaciation has been drier than at present thus
local erosion was not great. The protection afforded by natural veget.
ation has only recently been disturbed by cultivation and intensive

grazing slthough there were local exeeptions whers btuffalo, etec. wers
numerous in the past. Natural and cultural faetors thus combine to

favour exceptional erosion damege in wet periocds today.

The Shield has highor yields than might be indicated on a map based on
average molisture storsge. Large areas of bare rosk and thin soil are

present and runoff ofien fekes place before there 4is significant
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57
evapotranspiration. Water surfaces are extensive but water snd air
temperatures are lower than to the south and west thus evaporation is
low {Fig. 2).* Permafrost impedes subsurface drainage in many of the
areas with some overburden and soil and the ®live* storage capacity may
not be fully used. The major surpluses cecur late in spring during snow
melting but flash flooding i# rars on the larger streams because of the )
widespread detention storage in lakes and marshes. These naturel reservoirs
also act as settling basins and erosion is minor on the o0ld crystalline
rocks, thus streams are usually very clear. Rapids are mmerous and
artificlal improvement of both head and storage on the hard=rock base is
much less costly than in the softwsedimentary rock and glacial-drift

arecas of the plains,

The major sources of large and dependable streamfilow are the mountain and
Shield reglons and much can be done in each to improve their streamfiow
charactoristics (i.e. in regime, quality, flood limitstion, erosion limit-
ation, but only marginally in yield) according to our growing needs for
surface waters In most parts of the plains the streamflow per unit srea
is small yet it has a majer use potantiél. partly because of its location.
Management for straamflow improvement is possible and desirable yet in
most areas it is more important to reduce runoff and erosion and promote
betier moistura_éiorage where the precipitation occurs, so that the

vegetative cover might develop at as close to optimm rates as pessibla.

* This 13 particularly true for the larger and desper lakes. Albedo
patterns in summer are such that the greater part of the svailable
solar irsolstion is converted to heat energy and tho water temper.
aturss of the shallower lakes and marshes rise to surprisingly high
levels,



%, Groundwater Supply

In recent ysars many excellent studlies have been conducted Ly provineial
and federsl research agencies concerning groundwster patterns, Relatively
few of these have been in the field of groundwater recharge. It is
apparent thal sustained production cannot lonz exceed replacement, even

when reserves appear to be quite large.*

Groundwater recharge in most areas of average to above average infiltration
and soil moisture storage capacitles is swall in most years {Figs, 38 and 46).
In some years it may be a significant part of the surplus although surface
runcff 1s also large in many of the higher surplus years (Figs. 39, b1, 44,
56, 58 and 59). 1In the drier years the contribution of most areas to
groundwater recharge is negligible (Figs. 40, 42 and 45). If these dry

years occur consecutively, many wells and sloughs dependent largely upon

groundwater discharge will dry wup.

The most dependable groundwater suppilies ars those that are recharged

from areas of coarse-textured soils, e.g. 1 inch storege capacity (Figs, 47,
48, 42 and 50), or from permsnent streams. The indicated amounts of water
avellable for groundwater recharge (based on Thornthwaite procadures)

appear to be remarkably similar to those estimated and messured by other

* Many of the volumes mentioned in groundwater studies are expressed
in gallon units, e.g. the safe yleld of the Regina squifer is estimated
to be a maximum of 5,500,000 Imperial gallens per day (Lissey, 1963).
This is a relatively large aguifer yet this volume is only slightly
over 10 cublc fest per second and is well under one-tenth of of
the mean flow of the South Saskatchewan River at Elbow. It is
encouraging that safe yield rather than absolute volumes present is
recelving increasing emphasis because the costs of pumping from
greater depths are prohibitive, and much of the weter present in many
sa-called ®reserves® is excessively mineralized for most uses.

58,



59.
means, Meyboom (1963 and in perscnal discussion) suggeats that ground-

water discharge in evaporation bssins (and by transpiration from phreato-
phytes on the margins of these basins} within the Amm River drainage

basin and to Last Mountain Lake to the east is comparable to the annual
discharge of the river. Each would thus represent an average of approxi-
mately one-third of an inch for the Amm River Basin and, with a similar

or smallar allowance for surface runcff into local dapressions. this amount
would appesr to be about the ssme as is indicated in our maps for the area
(a total of almost onme inch) 4f we allow for anly slightly below average

storage capacities (Figs. 38 and 47).

Groundwater supplies generally fluctuate less than surface water suppllies
and make the surpluses of brief periods (storms or snow-melt) available
throughout the year. Local recharge predominates in the prairies and
there are locational advantages in its use. Tamperatures ars not far
from those of mean annuel air temperatures and thsy do not fluctuate
greatly; an advaniage for certain use such as air conditioning. Howevsr,
much of the groundwater present is highly mineralized and at such a

depth that large-scals continued uses for irrigation or major industrial
centras seams unlikely. However, some sress such as the extensive sand
plains between Bramndon and Portage ls Prairie appear to have large
potentials, This one in Manitoba has & relatively high surplus per

unit area (Fig. 47), a large water movement for natural demineralization
of subsurface layers, a favourable elevation relative to the plains to

the southeast, and the latter plains in the Camman and Morden aress have



waler deficlencies large enough that supplementary water supplies might

well be used (Figs. 3, 6, 10 and 15).

The structural patterns of bedrock, and the deep incision of streams
within the plains, are unfavoursble for significant groundwater movement
from areas of high water yield, e.g., mountains and foothiils, Most
groundwatar that might be used is relatively local in origin. Some of
the most promising aquifers are buried in preglacial or intergiacial
stream channols, pro-glacial delta and kame deposits, spillway channels
and some freshwater sandstones, To this we might add riparian groundwater
near streams, but 1t should be recsognized that withdrawsl from this

source is actually very largely from streamflow. Water which has moved

at depth in bedrock for great distances is slmast always brackish or

worse, and movement within formstion is scmetimes very slow.*

The potentlal for domestic, smaller urban, indusirial, local supplementary
irrigation, and other uses 1s a very large ona despite the limitationa
noted. The costs of pumping may be high, yet these may be minimized if
users locate to take advantage of telluric water movements toc or near

the surface, and select aquifers that have adequate recharge potentials.

5. Natural 803l and Vegetation Patterns

The major differences in naturally developed seils c¢an be attributed in

large part to differences in eluviation and illuvistion. These vary almost

* 1In the Milk River sandstone it does not exceed 20 feet per year,
thus the production capacity of this extensive aquifer is estimated
at 700,000 gallons per day or 1.3 cubic feet per second (Meyboom 1960).
This is less than two acre-feset per day; a very small amount comparad
to streamflow in the South Sagkatchewan River,



directly with the amcunt of waler available to leach and transfer

soil materials and thus with surplue and deficiency patterns. Very
humid reglons with large surpluses {Figs. 38, &7 and 61) tend to have
highly podzelized soils, and those with lesser surpluses or roughly a
balance of surplus and deficii tend to have grey.woodsd or transitionsl
te chornozamic soila. In the drier regions where droughis are pronounced
(Figs. 3, 4, 62), cherngzemic soils {black, shallow black, dark brown,
and brown) are found. The amount of orgenic matter in these soils 4s
determined in part by the rate of plant growth and this varies largely
with actusl evapotrenspiration (Fig, 64}. The depth of rooting ie

limited in part by the depth of available moisture, but this may be

relatively shallow in most of the drier parts of the prairies for the greater

part of most years (Fig, 55) because complete recharge to capacity is

npusual,

Solonetzic solls owe thelr development in large part to parent materials,
bul occasional water surpluses to provide groundwater and the sresence of
many depressions without normsl surface drainage outlet contribute to
their presence (Figs. 38, 44 and Meyboom 1963). Some of the iozal vari.
ations in soil patterns might also be explained. Differcnces in aspect,
@.g. north and south slopes, result in differences in evapotrenspiration
and sometimes in precipitation which ars in turn reflected in differences
in water deficits and surpluses. Concentrations of biown snow, surface
drainage and groundwater might also be considersd. Man may bs a more
significant indirect agent than is sometimes recogniszed, e.Z., fallow tends
to have greater surpluses than land under vegetative cover. If fallowing
is frequent in the wettor areas, or in the wetter years, extra 1eaching

will oceur. Surfzce runoff and erosion is greater (Figs, 39, 4, 56, 57
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and 59) and lesses of Yopsoil by wind action may &lso be critical

{Fig. 1‘0) .

Batural vegetation patterns reflect most of the water surplus and deficit
patterns discussed. The general patterns conform to those of Fig, 63;
the semi-arid areas having predominantly grassland; the dry sub-humid
arsas having a mixed grass and woodland (1argely deciduous broadleaf),

or parkland and the more open-mixed forests: and the moist sub=hunid

and humid areas having the better forest development. Forest growth ig
affected by severe drought (Figs. 7, 9, 12 and 15), ard the incidence

of intense and widespread fires is also grestest in these years. Very
large areas of the prairles having adequate moisture in average years,
but inadequate molsture in some years, are covered by burned-over scrub

ard young growth forsst that is of little commercisl value,

The growih rate of plants {grassss, crops, trees, etc.) varies largely

with actual evapoiranspiration patterns {Fig, 64). In the colder north_
sastern and higher mountain areas, the temperature lim{tations are dominant,
Irn the drier plains, moisture limitations (Fig. 3} result in lesser growth
than might be expected with the smount of heat availsble (Fig. 2). Other
factors are significant e.g, soil fertility which varies in part with
surplus patierns; available moisture varying with soil limitations;

natural and introduced plent specias; and the sffects of drought. In

many respects the deficit patterns reflect the possibilities for ecover

improvement with better use of moisture, i.e. with irrigation,

62.



Similarly, the surpluses reflect the possibilitiles for deficit reduction
using local water supplies. A major cbjective in land management is to
reduce surface runoff, reduce the removal of snow by wind action, and
reduce subsurface flow so that plants might use this water and grow at

a rate as close to that indicated by potential evapotranSpiration as

possible,

Annusl growth rates vary greatly from one year to the next, particularly
with varistions in drought intensity. These may be indicated in part by
maps of individuel yesrs (Figs, 11, 12, 13 and 14), but care shonld be
taken in detemining the relevant sotl-moisture use from slorage. Drought
intensitles are not as high if 12 inches of moisture can be available from
storage as if only 4 inches can be available {Figs. 6 and 3), although

recharge to the higher capacities is rare in most parts of the Prairies.

The species composition of grassland, parkland and forast is affected

by drought and other pstterns mapped. In grassiand arsas drought will
initially curtail height of growth. Cover density changes and the death
of less resistant species follow. Renge carrying capacities zre reduced
and if stock numbers are not reduced accordingly the more palatable and
rnutritions species suffer greatest depletion. The time of the drought
{Figs. 27, 28 and 29) is significant because some species withstand esrly
season drought better than others. Grasshoppers are most mmerous in
drought periods. In forest sreas the effects of fire are particularly
noticeabla. Lodgspcle pine or various poplar are most numerous in

burned=over and young-growth forests and in time may give way to spruce,

639



Deciducus broadleaf trees withstand drought better than comifercus
evergroens. Grasses recover from drought more quickly than trees and

the drought-fire patterns of the past prebably controlled the tree-line
location; possibly with some help from browsing and grazing animals on
the forest margins, It is probable that the drought factor has not been
recognized sufficlently, e.g. by Moss 1932 & 1955, Ssuer 1944, and Bird
1961, and that its offects hers sre similar to its effects in the "Prairie
Peninsula® of the midwest of the United States (Borchert 1950), The
limstation of fires and the ¢learing of large arsas so that snow might
drift more freely into remeining wooded areas, ®.g» along road allowances,
has resulled in apparently vigorous woodland well to the south of the
former limits. Very dry years such as 1935 and 1937 in the séuth exacted

& great toll in dead trees in thess sreas. Information on average

molsture conditions alone is not enough if we sre to account for vegetation

distribution patterns,

Forect site classification must include some refersnce to drought patterns
in the northern parts of the Prairie Provinces. It is not encugh for us
to know that particular soils have particular soil-moisture storage cap-
acitles if these are recharged depsndably in one area snd not in ancther,
Water surplus patterns and their relationships to marshy or muskeg

conditlons should alsoc be considered.

Many of the water surplus and deficit patterns 1llustrated * might be

used 3in both forest and range management. The meteorological data upon

* Other patterns have been mapped but spacs limitations preciude
thelr publication here,
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which they are based are more widely available and have been gathared

for a longer period of time than dats on plant species, demsities,
vigour, growth rates, etc. Imterpolation and extension of observed
patterns of forest and range to other parts of the prairies, and to
periocds preceding such observations can bs more soundiy based if
correlstions with water patterns ean ba established, Cutting rates

for an allotment in forestry (for sustained yield production), and
stocking rates in range management might be recommended for different
areas in part on the basis of these correlations. If current drought
intensities are known to be sbove or below normal, range mansganent
specialists might gauge the carrying capacity of the range, estimate
how species composition might change, and suggest more or less intensive
land use. Meny sssoclated patterns might also be developed, In rangs
management the availability of water in stresms for direct uge, or for
ponding in stockwatering reservoirs, and ths use of groundwater (in
springs and wells) can be very important. Knowledge of surface runofs
and groundwater recharge patterns can be very helpfvl. In forest MANAE B
ment, recognition of surface erocsion, sedimentatlion, and streamflow
patterns can be helpful, e.g. if it 1s known that erosion hezards are
much greater in southern foothill areas than in northern feothills,
cloar cutiing and wide-strip cutting may be limited in the former and not
in the latter.

6. Agriculture with Natural Water Supplies

In egriculture, as in forest and range management, a major objective is
to make the best use of available moisture so that plants mgy grow as

closely as possible to the rate limits imposed by the hest and light



supply, e.g. as indicated by potential evapotranspiration (Fig, 2),

In most agricnltural areas, under average moisture«storage conditions,
average deficits of 4 to 10 inches are experienced annually (Fig. 3).
¥olsture surpluses are small {0 to 4 inches, Fig. 38) and they usnally
occur in early spring (Figs. 51, 52, 53 and S4).

Cultivation. and particularly the uss of swmmerfallow, has usually
resulted in greater surpluses than those indicated because transpiration
withdrawal has been reduced for at least part of the summer. Becsuse

of this, less recharge is needed before surpluses occur. Additional
molsture has been lost from the fields through the removal of snow by
wind action, and by surface runoff during snowmelt and heavy-rain periocds.,
Water that was formerly stored for plant use runs or blows into depressions
or percolates to beyond root depth. Surface erosion by water has been
scceleratod and wind srosion has also besn sccelerated on the drier
unprotected soil. Although erosion damsge prevention is sufficient

reason for runofi conirol measures, a.g. Toogood 1950, a strong case can
2130 be made for the retention and use of the water that might otherwise
be lost because molsture deficits are increassd by the amount of surplus
increase {a feature that 1s much less important in the more humid agrice
ultural regiona of the world)., In some cases the runoff may be used to
provide supplementary irrigation to crops but this is generally less
officlent and much more costly than limiting runoff in the first place.
Complete limitation is virtually imposesible and the surplus renalning
might be used. Field runcff is often unfavourabls in amount, timing,

and quality for supplementary irrigation, yet the ponding of surplus

walers on lower-level fislds behind low dykes can be very helpful 4in
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augmenting soll-moisture supplies in some fields in most agricultural

arezs, Similarly. the ccllecting of blown snow by windbresks or snow

fences in and near dugouts ig an important use of this surplus water.

The need for retalning precipitalion within the fields upon which it falls
iz indicated in part by sige of the deficit {Pigs. 3, 5, 9, 10, etc.).
The means for retaining this moisture have been improved in the last
several decades, particularly with the development of tillage and har-
vesting implements and machinery that leave high stubble, stubble-mulch
or a trash cover, and that permit basin listing, contour and strip farming,
terracing (rarely feasible), etc. Snow plowing in winter may be helpful
in some sltustions. Snow fences and shelterbelts reduce losses by
drifting and may hold snow from adjoining areas as well as that which

has fallen on the field. The fences sre moderately costly and their
erection, removel ard repair is time consuming. Shelterbelts are less
costly and time consuming but the trees and shrubs present consme a

sigonificant part of the moisture saved,

The general patterns of egricultural land use in the prairies are strongly
affected by moisture patterns (Fig. 63}, The semi-srid regions have
extensive grazing and extensive forms of dry farming, but local soil and
terrain variations contribute fo better and poorer-than~average conditions
for crop and livestock production, and there are accordingly areas with
different intemsities of land use within these regions, The extremes
partly reflect the drought condltions mapped for 12 inches and + inch
storage capacities (Figs. € and 4#)., In addition, most areas can be highly
productive in some years when deficits are small {Figs., 8, 9 and 11}, and

of very limlled productivity in the drier years {(Figs. 7, 9 and 12). The



hope that the next year would be & moist one has kept many small-scale
operators farming in this region when thers seamed 1ittle other reason
for them to continue. Large-scals operators, with capital to withstang
losses in the driest years and low overhead per unit area, have done
extremely well in some of the wetter years, particularly in the flatter
better-soil areas where yields have been high and large-gcale mechaniz—

ation has been efficiently employed.

In the drier sub-humid areas (Fig. 63} cultivation has been more general
and only in the rougher terrain and coarser-soil areas are there large
tracts of limited development, e.g. extensive grazing, The better lands
(e.g. Regins Plain, Drumheller Plain), are very largely cultivated,

The still more humid arees {e.g. Edmonton, Red River Plain) have more
intensive mixed farming practices and more diversified production,

Mixed farming is present on a reduced scale on the forest fringes where
the greater water surpluses contribute to soil leaching (Figs. 38, 48,
stc.). Drainage problems are more widespread and muskeg and gleysolic
soils limit productivity. Droughts occur in these aress but they are
less intense and less frequent (Figs. 3 and 10) than in the drier parts
of the sub-humid regions., In thosa areas the drier siles;, e.g. where
drainage is facilitated near msajor vallsys, are better for ceultivation
and the wetter sites are in forest or bog., Frost is a problem, particulariy
when spring and fall operstions are impeded by wet conditions {Figs. 51,
52, 53, 5%, 56, 57, 58 and 59). The growlng seasons are shorter and
cooler, and crop production becomes sub-marginal in the northern and
higher wastern sreas (Figs. 2 and 31), Forests make better use of the
avallable moisture, soil and growing season, than annusal erops in these

cool and moist regions,

68.



The spacific crops grown are in psrt a reflectlon of moisture patterns.
Annuzl crops, that are in part drought ovading becsuse they do not
require a full growing season in which to mature (Figs, 23, 24, 25, 26
and 35}, predominate in the semi-arid and drier sub—humid areas. These
erops, e6.g. wheat and barley, have limited reot development in spring
and thus leave & pert of the soil moisture in storege until later stages
of growth. Droughte may occur during these sarly stages of growth
{Figs. 27 and 28), but are most severe in July in most years (Fig. 29).
The deficlency for the season {Fig, 30) 1s less than that for the fuli
growing saason or the longer season reguired for alfalfa (Figs. 19, 20,
21, 22 and 34),

Alfalfa may do better initially than it will after several years of growth.
in the first year after a ceresl grain (still better after fallow) it
will employ molsture stored beyond wheat root depth in previous seasons
and may also benefit from storage accumulated in the long fall perioed
after the wheat harvest. In the following years the alfalfa will be
dependent upon the precipitation of those yesrs. The greater depth of
rooting is 1little advantage because precipitation is normally inadequate
to recharge storage to the 4 inoh capacity in the semi.arid sreas

(Fig. 55 and compare Figs. 25 and 26). In the wetter Years alfalfa makes
betler nza of the moisture available than wheat and water surpluses are
small (Figs. 38 and 46). It would appsar that alfalfa has greater pros-
pects for sustsined success in the more humid agricultural areas,
S8imilarly, most other plants that have a full seasocn of growth and are
able to withdraw moisture from deeper astorage, e.g. trees and shrubs,

do better in ihe more himid psrts of the Prairie Provinces. If they do

well in ths drier areas it is because they have obtained supplementary
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water from drifting snow, surface runoff, and from telluric or riparian

sources.

The moisture and potentia) evapotranspiration patterns discussed might

be related to the ecological range and oplimum conditions for many plants,
Phenology, sgrametecrology, sgro-climatology, zoceclinatology, and related
fields of study might usefully employ these derived data,* The
corrgspondence of drought-intensity patterns and wheateprotein-content
patterns®® 1s striking and understandable (Figs. 13, 1% and othor anmual
maps not published). Other factora such as soil fertility, the use of
fertilizers, cultural practices, the time of rain occurrence within the
dry pericd, etc. are significant, yet the areas with over & inches deficit
correspond generally with those wilth over 14.9% wheat-protein content.
Closer oxamination indicstes other relationships within this patiern.

It would appear that if areas wilh the better soils (only moderate deficlency
and 1ittle surplus normally)} have relatively severe drought, protein con-
tents are likaly to be higher than in those areas that usually have severe
drought. Grasshopper and rust pattarna also appear to be closely related

to the drought patierns mapped,

Many of the relationships discussed, and others, have bean established
using other criteria for drought measurement. The patterns established

hare appear to be more definitive than some of those previously eaployed

* Numerous uses have already been made, see Holmes and Robertson 1959,
and Robertson & Holmes 1959 and other references.

** Canada Department of Trade and Commerce, Grain Research Laboratory,
1950,



and their usze should be helpful in crop insursnce studies, crop and
fallow planning, community pasture Jocation, land use studies, and
many assocliated fislds.

Cne of the most widely employed means of moisture conservation is that
of seummerfsllowing. It has probably been overrated in this role in

the past because full apprecisztion of how little sdditional moisture

can be stored for crop use in most areas by this means and of how much
molsture might be storad has not been present,* As shown by Staple and
Lehane (1952) in the Swift Current ares, most of the soilemoisture
recharge occure in the fall, winter and spring, between crop seasons,

ard only one inch of the four inches available far use at the start of
the ¢rop season afier a fallow year was added during the summerfallow
season.*® This inch {plus the 0.7 inches stored in the second winter)

iz significsni, for it is present at depth within the so0il and is usually
available for use during the July head-filling stage of growth (Fig, 29).
This extrs moisture may mean the difference between a fair and 2 poor
crop, bul it dves not make any inflexible rotation with fallow every
second or third year desirable becsuse other factors must be considered.
It is assumed in the i1lustration that eofficient weed control is possible
in the fallow yoar, particularly early in the spring of that yesr. This
may not be feasible becauss of weather conditions and competitive lebour

demands.,

* laycock, 1961

*+ Appendix B



The addition of 1.7 inches of moisture in a fasllow year is not enough
to explain the significantly larger ylelds of crops following fallow.

A part of it might be attributed to the smaller loss of moisture ig
weed growth and this means of weed contrel is still very important,
although chemical mesns make better use of the land and moisture svaij-
able. In recent years studies such as those of Michalyna snd Hedlin in
Manitoba {1961) have shown that the higher yialds on fallowed plots were,
in large part, related to the accumulation of sveilable nitrates during
the fallow year. This yleld differential can be greatly reduced by
mineral fertliizer and manure treatments. In the study area in the Red
River Valley {2 more humid area than Swif't Current, see Fig. 3), during
the years 1956, 1957 and 1958, there was an average of only 0.7 inches
more available moisture to & 4-foot depth on fallow plots al seeding

time than on plots which had been cropped in the previous year,

The negative features of summerfallowing are receiving increasad recog-
nition. The exposure of sell to wind and water erosion is not as great

if strip-farming and stubble=mulch tillage are wdertaken, but there is
stil]l greater exposure than in grassland or annually cropped areas. The
organic and nitrogen contents of the soil daecline in time and the soil
becomes less productive, less receptive to precipitation infiltration,

and lass able to stors moisture for later use, The non-use of most of a
growing season's molsture and of the land results in much smaller product-
ivity for most parts of the prairies than is possible with annual eropping,
chemical weed conirel, and sultable fertilizer application. Part of this

advantage is lost in the greater cosis of prodacing s ¢rop each year.



The prairie climate is significantly different from one year to the

next (Figs. 11, 12, 13 and 14)., If this is recognized and fallow oper-
atlons become more flexible in timing, some advantage might be gained.

The moisture in storage in gpring is a significant part of that ussd by
the crop in the growing season. It can be measured or caleulsted and if
it is high in spring after stubbie, and weed growth is not excessive,
there is little reason to fallow. If fallowlng is decided upon, weed
control will be difficult because there it a good reserve of moisture
available. If a crop is planted the application of fertilizer ard spray-
ing of weeds will probably be warranted by the larger returns., If, on the
other hand, moisture reserves in spring are very low (and this is possible
even after fallow) then fallow might be preferred. The chances that a
good crop will be preduced from current precipitation alone asre poor. The
dry spring is llkely to be a good one for fallow because weeds will pro=
bably bave less than average moisture supplies for growth. There are
objections 16 basing planting decisions upon molsture-storags obgera
vations (Laycock 1961), but from the standpoint of most efficient moisture

use the advaniages appear to be great.*

In the last few decedes there has been a greatly increased use of stubble
and stubble mulch for moisture conservation. Shallow disking and sub-

tillapge leave 2 trash cover upon the surface that reduces snow blow-off and

* Preliminsry calculations indicate that 4if crops are sown in years with
% inches in storage at the start of the growing season (fallow in
other years), they would be sown 23 out of 30 yesrs in Edmonton, 22
out of 30 in Lacombs, 19 out of 29 in Olds, 22 out of 30 in Calgary,
19 out of 30 in Gleichen, 21 out of 29 in Lethbridge, 19 out of 26 4n
Midale, 16 out of 30 in Moose Jaw, 17 cut of 30 in Swift Current, 18
out of 30 in Saskatoon, 21 out of 30 in Scott, and 25 ocut of 30 in
Brandon. In almost all cases, the calculated average daficiency 4in the
crop season was smaller than in the alternate crop years of an arbitrary
tweayear rotation.
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runoff, thus larger storage of moisture can take place between arop
seasons., 1n the more humid regions particularly, this storage may be
equal or slmost equal te the capacity of the soil to store molsturs for
cereal crop use, and the use of fallow for additiocnal moisture conser-

vation may not be justified.

7. Agrienlture with Supplemented Water Supplies

Supplementary wnier supplies may be used in erup production if the
increased productivity warranis the development of the nscessary facili-
ties. It 4s apparent that increases in productivity are possible wherever
and whenever deficits oceur (Figs. 1 to 37), and that these grestly excesd
the locsl surpluses available in mest agricultural areas {Figs. 38 to

59). Projects dependent upon locel surfazce runoff and groundwater
supplies sre generslly small {Fig. 38} and are subject to the seasonal

and quslity limitations previously moted. Despits thsse limitations, it
is probable that the long-run potential for increasing agricultural pro-
duction in the Prairie Provinces is significantly greater in these projects
than in larger projects employing water from rivers that rise in the more

humid regions,

The ®small water® or individual farm and community storage and irrigation
projects focus upen the use of local runeff. The federsl govermment pays
about 50 percent of the cost of construction and provides all agricultural
snd engineering services through PFRA. 1In the period 1935.1964, 76,732
dugouts, 9,416 stockwatering dsms and 4,732 individual irrigation projects
had been constructed under the prograsme {PFRA Annual Report 1963-64). A
large proportion of these ere in the semi..arid and drier sub-humid areas
(Fig. 63) where deficits are large (Fig. 3, stc.) and surpluses are small

(Fig. 38, ete.}, Most take advantage of surplus concentrations {natural



and artificial) where infiltrastion of snowmelt water and heavy spring
rain is slow becauss of flne-textured soils (e.g. in lacustrine plains),
or snow drifting (e.g. in shelterbelts, along gullies, and within or on
the lee side of other topographic and cover obstructions) has taken
place, scmelimes at the expense of moisture supplies in adjoiming open
fields. The supplles are small, highly variable from one year to the
next and are concentrated usually in short periods of early spring. In
irrigation these are usually used to Bupplement soill-moisturs reserves
and sre applied by temporarily pornding water on relatively flat fields.
Stockwatering dams and dugouts provide domestic water supplies for stock
and farmstead use, and some are used for supplementary irrigstion of

gardens and small fields,

In the more humid agricultural areas, there has been a lesser development
of small water projects except for dugouts in some lacustrine plains, e. Ee
in Southern Manitoba, whera groundwater supplies for domestic use are not
readily obitained.* In addition, federal assistance has been availabls
for only a few years in many of these areas. It is likely that supple-
mentary irrigation and storage will be of incressing importance in these
reglons in the future because large deficits do occur (Figs. 3, 7. 10, 12,
13, 14, 15 and 30}, larger surpluses are aveilable for use (Figs, 38, L,

stc.}, and groundwater supplies are better than in the drier regiong.**

* In these clay plains groundwater recharge is small becauss the
solls can retain mosi of the surplus remaining after runoff for
use in the summer season. Subsurface movement to wells is slow
in the fine material in some areas, the water is too far below
the surface because of deep incision of major valleys nearby, e.g.
Peace Rivar, or the clay overlies saline formatlons,

*% The lack of federal assistance in the use of groundwater for supple-..
mentary irrigation has resulted im much lesser development of this
resourca than in the development of surface supplies.

754
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Some of the best prospects appear o be in Southern Manitoba bsiow

the Escarpment where the heat zuppliy iz largs {[Figs., 2 and 60}, and

the position is downslope from extensive sand plains whish have abundant
surpluses in groundwater storage {Fig. #7}. Some intrigning possibilities
in the use of natursl growndwaler seepage around sloughs mighi te
developed, e.g. substitute alfslfa for the phreatophyta tree and shrub

rings now drawing upon telluric water supplies.

Large community projects for irrigation, stcckwatering, willage and

town use and induairial purposes are also prasent in the prairiss, Many
of these have employad federal or provincizi aid in plamming and devslop-
ment, A pari of the irrigation involved is upon low terraces and is
supplementary in spring or early summer when water is mest readily avail..
able, Winter feed is the major product,’ Although the offscts of drought
have been ieszened in Lhese areas, ths very iimited watar supplies of
sane of the drier years meke an impori of feed necessary (Figs. 9, 40

and 45),

The major irrigation projects draw, and will draw, wator from stresams
that rise in the mountains snd foothilis {Fig. 38, stc.). These have a
wmore dependable flow than those of plains origin but sriificial storage
i3 necsssary if surmer demands are t¢ be me*. Althougn streamfinw is
moderately large in the South Saskatshewan River and its tributaries,

and some diversion from the north may be feasible, there 1z far less
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water availsble than might be used in arems with severe droughts

{Figs. 3, 10, 38, 45, ete.).*

Past experience indicates that if average deficits are not very largs
(Fig. 3) and may be gquite swall in some years, e.g. in the Western
Irrigation District (Fig. 9), many famers prefer large-scale dry-
farming to the relatlvely smell-scale irrigation farming, or will defer
irrigation too long in anticipation that rain will meet their nseds. In
these marginal areas heavy rains after irrigation have coniributed te
water-logging, drainage and alkalinity problems in some of the wetter
years {Figs. 8, 11, 39 and 84)}. The projects with the grestest chance
of success because of farmer co~operation in gll years are those in the
driest regions. On the other hand, the low cost of supplying water and
the growing demands for supplementary feed suppliss 1ln some of these
marginsl areas in Alberis coniribute to an increasing dependence upon

irrigation.

The amount of crop growth and production is proportional to the potentisl
evapotranspiration of the areas {Fig. 2}, In the ggricultural aress of

the prairies thls ranges from Just below 20 to Just over 24 inches, and

* The water supply is approximately 5,000,000 to 8,000,000 scroe-feeot
per year or enough for 3,000,000 te 5,000,000 irrigated meres if
ne allowance is made for bhydro-electric power, urban, industrial
and other demands. In contrast, the demand st optimum level of
use in areas with average deficits of over 8 inches (Fig. 3) could
excesd this by ten times. Large parls of the drier regions could
not be irrigated sconomically because of excessive pumping costs,
unfavourable soil and terrain and other limitations, but the area
that might be served al moderate cost still greatly excesds that
for which water supplies might be avallsble. In years of low flow
apd high demand, the irrigable acrsage would be s5till smaller., With
sterage carryover and less than optimum use in some areas in some
Years, larger arsas might be assigned for at least some irrigstion,
In some areas of the United Statss, even flood flow is sllocated,
e.g. the South Platte te over 3005 of average flow.



varying proportions of from half to almost all of this amount are supplied
by precipitation, e.g. approximetely half in the Medicine Hat area to
slmost all in average years in the more humid areas. In some years the
deficits at Medicine Hat axceed 16 inches (Fig. 7}. In scbtropical ang
tropicsl dry reglons the potential evapotranspiration is from £5 to 80
inches per year and proportions of up to 100% must be supplied by
irrigation. Irrigatlon projects in the lower latitudes must supply much
more waler per unit ares than is needed in the Prairies, but Crop proe
duction is correspondingly large. The production per unit area and per
unit 1nvestment is quite low per year in the Prairies because of our

low temperatures and short growing seasons. The rangs of crops that

might be grown is also limited. Only the low-cost operations have been
feasible and then only if high value crops that cammot be produced depand-
ably withoul irrigation, e.g, sugar beets, canning ¢crops and some forage,
were produced. This pattern appears to be changing with increasing local
and world demands for produce, and the ®insurance® role of irrigstion in
supplementing forage and ¢ther supplies in the drier years is baconing

more important.

The variation in heat supply in the prairies is critical in the choice

of crops to be irrigated, (Appendix C, Layeock 1959b, Figs. 2 and 60),
It is 1iksly that commercial production of those crops that ara marginael
in the prairies such as sugar beets, corn, tomatoes, other canning and
frozen-food crops, stc. will be concentrated in the most favourable areas,
The advantagas of such locations as Medicine Hat and Morden sre apparent,

and it is 1ikely that irrigstion areas with these crops will contimue to

be the moel successful, e.g. Taber rather than Strathmors or Hamna,



Irrigation and crop scheduling ars poszible in a very general way if
monthly data on potential evapotranspiration and precipitation are avail-
able. Both procedures can be refined greatly 1if daily deta are used,

esg. Thornthwaite and Mather 1955. Further refinements might be made if
allowances are made for different soll-molsture storage use rates and
different crops in different stages of growth {Thornthwaite and Mather
1955 & 1957, Blaney and Criddle 1952, end others). Procedures appropriats
Lo careful water managemeni in the prairies are described by Holmes and
Robertson {1959). It would appear that gt least some of these refinements
are desirable, particularly for the irrigation and growth of speciaity
crops.* The major purpose of this report is to show regional varlstions
in patterns, If allowances are made for the varicus refinements in prow-
cedure, it will be noted that the reglonal patierns discussed are not
significantly affected. HMost of the refinements in procedure concern the
time of application; the seasonal totals are much the same as those indi.-

cztad 4in the basic calculations.

The proper amounts of water for field application tend to be smaller than
is very often applied to the land, snd the excess fraquently contributes

to problems of drainage, alkalinity, ditch erosion, ponding in wastsuwater
reservoirs ste. Irrigation in the Prairies is supplementary to precipi.
tation and the total amounts needed by the plants from irrigation are indi-
cated in Figs. 3 to 33. To thils must be added sufficient water to balance

Tield, ditch and canal losses by sespage and evsporation,

* Whether they are used in their most complex forms or nol, thess
procedures have added much te cur understanding of the variables
involved,



The maximum efficlency of irrigation is obtained by refilling only the
root=zone-retention storsge reservoir except when the presence of salinity
requires some leaching. Overfilling will result in = lsaching of so0il
nutrients and other problems previocusly noted. Underfilling will result
in less than optimum growth rates. Tf fertilization is combined with
irrigatlon, e.g. through use of sprinklers, a waste will ocecur with over-
fi11ing and the amounts used will not be employed most efficlently with

underfilling.

Drainage problems in the prairiss ars greater than in many other irrigated
areas of the world, at least partly because heavy rains may occur after
soil-moisture recharge has been supplied by irrigation. The surpluses

from this, and sometimes from excessive irrigstion and seepage from

canals, may result in water-logging, alkalj problams, slumping, etc.

These problems are accentuated in the prairies by the diversity of glaciale
drift soil perent materials with large smounts of ¢lay. Very few other
glacial drift plains of the world are irrigated., In addition, there is a
relative lack of naturally developed drainsge channels dus to the short
period and generally dry conditions since glaciation. Perched water

tables and telluric groundwater movements to local evaporation basins are
common. In some areas the bedrock of marine origin causes groundwater to
be saline or alkaline, Alksall concentrations upon the surface are common,
particularly in irrigated lands which de not have adequate drainage provision,
This problam can be limited in part by the careful application of only the
required amounts of water (Figs, 3 to 33). Some drainage will atill he

needed and forscasts of requiremsnts might be based in part upon patterns
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of water surplus and deficiency with dus allowance for the amounts of

irrigation water aaployed.

Seil flushing is needed in aress with natursl alkalinity problems and
in the rebabilitation of irrigsted asreas not provided with adeguate
dralnage facilitles. It tends to be most effective in the wetter ¥ears
and geasona when surplus waters are most likely to be available, and
when return flow 1s well diluted in sireams which will not them have
major withdrawsls for irrigstion downstream. It is assumed here that
leaching is downward toward ditches., If it is not, the wetter years
may present the grestest problems becauss of incressed groundwater dis-
charge and evaporastion from the surface, In sither case knowledge of
surplus frequency and intensity patterns (Figs. 38 to 59) is necessary for
planning. |

The predictien of return~-flow volumes can be based upon water dasand,
water surplus and irrigation application patterns. Return flow is large
in prairie irrigation because water is still very inexpensive and is

often delivered at rates woll in excess of the aetual field or gdistriet
requirements. Diversion is based vpon maximum potential damand, but
demands, 1.e. dally potential evapotranspiration values, vary greatly

and mey be supplied in large part and sometimes to excess by precipitation.
A part of the surplus runs into local evaperation basinas and does not
return to streams. Local water balance patterns reflect the frequency

and intensily patierns of water surplue and deficiency mapped 4in this

report, Further detail is available for specific locations in the data



tabuletions upon which the maps are based, Calculations on a daily

basis provide further refinament.

Most aspects of water supply relating to irrigation can be based upon
direct long-term observations of streamfiow. Howsver, this map series
may usefully supplement siresmflow information in various ways, The
seasonal and annual demsnd patterns indicated 4n Figs. 3 to 37 might be
related to knowm supply patterns {streamflow data and Figs. 38 to 59), and
the potential needs for storage reservoirs, diversion channels, canals,
siphone, stc. of different capacities may be estimated, Streamflow data
are not avaliable for meny local streams and estimates of flow and flow
variatlons can be made using the surplus maps. The necessary allowances
for this flow in irrigation water supply, drainage, culvert ang drop-
structure construction, etc, may be estimated. The degres to which erosion,
flooding and sedimentation problems may be present may also be estimated,
Much of this may be a cross-check on estimates based upon streamflow data
which, if avalilable for long-time periods, are usually better bases for

estimatiion.

8, Other Water Uses

Most of the major uses of fresh water not previously discussed, i.e. urban,
industrial, hydre-electric power, navigation, mining, commercial fishing,
recreaticn in its many aspects, and wildlife, are well represented in the
Prairies. There is a need for additionsl information on water balance
patterns for ail of these. For some the direct supply and demand patterns
are indicated in this map series. For others the indirect competitive or
complementary position in the allocation of limited supplies msy be suggested.
Only some of these supply and demand patterns can be discussed in the space
available.

8z,



The major surface and groundwater supply patterns and their varistions
have been discussed in Sectione 3 and % of this chapter and are indi~
cated in Figs. 38 to 59, It ia quite epparent why supplies of local
origin are relatively =mmall and undependable in the southern plains

(Fig. 38}. In Shield and mountsin areas the soil-moisture storage for
plent use iz very small in the bare rock and stony areas, thus Fig, 47
should be used with Fig. 38. Thie imbalance in the regional distribution
of water supplies is accentuated by the grester demands for water in the
plains areas, thus water shortages and competitive use problems are most

apperent in this reglon,

Urban and induatrial use is largsly non-consumptive and thus relurn flow
is almost equal to withdrawal., The change of ma Jor portions of city
areas, from high soil-molsture storage for plant use to wery low storage
on rooftops, streets and compacted surfaces, has resulted in much greater
locel runoff, This is only partly balanced by withdrawal for the irria
gallon of lawns and gardens, Most clties in even the drier portions of
the prairies have a grester conmtribution to streamflow than withdrawal
from it, The total volumes of water used are still small but industrial
needs particularly are growing rspidly. The needs for dependable supplies
of pure waler make storapge and some diversion from major stresms necessary
to supplement local supplies or serve as better alternatives to them.

The change of quality that results from urban and industprisl usa is such
that much larger volumes of water are needed to dilute pollutents and
hasten their decomposition. The major problem areas are in tha southern
plains. Fortunately, rivers that rise in the relatively large and depend-

able surplus areas of the mountains and foothills flow through thess
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plains and supply most of the present indusirial needs, although some
storage for incressed winter flow ia required. In the future, there may
be a2 need for diversion from larger streams in the north, and for move-
ment or placemant of some industries that seriously pollute stresms to
and in northern areaz. The water is avallable, but costs agnd compatition

for use will grow.

Hydro-electric power plants may be located on relatively poor sites if
these are much closer to markeis than much better aites, hecordingly,
many excellent sites in the more northerly areas have not yet been
developed, €.g. on the Slave and Fond du Lsc Rivers, and only same of the
aites on the more accessible margins of the Shield and mountain areas
have been, e.g. on the Bow, Braszeeu, Winnipeg, Nelson, and middle
Churchill Rivers. Relatively few of the rivers in thess regions have
more than a short-term record of flow. Longer precipitation and temper-
ature records are available for wmany more stations. These records may
be processed in water balance calculations to extend the streamfliow
record in time and areal coverage. Some of these relationships have been
devatoped in this report. Several sites in the plaina on rivers of
mountsln origin, e.g. on the South Saskatchewan and Saskatchewan Rivers
kave been developed but local surpluses contribute little to the basic
flow (Figs. 38, 40, etc.}). Natural storage in lakes snd marshes partly
overcomes problems of seasonal vardstion in flow in Shield areas, but
much more artificial atorage is needed on mountain and plaina streams,
Since this storage is needed for urban and industrial purpcses alsc, these
Lses are complemsntary. Howsver, such storage ix or may be competitive

wilh that for irrigation (Figs. 3 to 37) becauss the demands in the latter
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are seasonal and the head needed for power may alsc be nesdad for
irrigation diversion. In soms projecta, although there is aome degree

of caompetition, neither mlghl be present if it were not for the other

meeting =zome of the costs of development.

Thermal-electric power plants in the plains are sufficiently low coat

in operation that major additionsl hydro-site development may be limited
there. These plants are slso major water users but frequent reuse for
cocling is invelved, thus lskes and reservoirs with relatively msall

streamf{low may meet moat neede,

Ravigation for commercial transport has almost diasappeared axcopt on

the Lower Athabasca and Slave Rivers and a few of the major lakes. Com-
potitive means of transport, low and variable streamflow, ice and flaod
conditiens, and the presence of nimmerous rapids, make it less than feasible
in most parts of the prairiea. Diversion of water from northwestern areas
toward the south and sast through the more populated sreas and toward
markets may make navigation more important in the future, Winter

transpert on snow, ice and frozen growd is very important 4n the north.

Commercial fishing 1s focused upon the lakes on and near the Shield,

e.g. Lake Winnipeg, Reindeer Lake and Lake Athabasca. These are in arsas
of relatively large water surplus (Figa. 38 and 47) where tha water is
fresh, cool and widespread. Some lakes in the northwestern plains, CeBe
Lac la Biche and Lesser Slave Lake, are of moderate importance but most
of those farther south are too variable in level, quality and temperature
for significant fish production, Some fishing im possible in irrigation

reservolrs in these areas bocause of the better water sopply,



Recreation and hsbitation are related to en lnereasingly important degree
to water supply patterns. The use of lakes and rivers and their shorelines
and banks for swimming, boating, reecreational fishing, picnicking, hiking,
viewing of scenery, cottaging, and the locating of homes is rapldly growlng
and the more accessible areas are becoming crowded, Different stresses

are placed upon sites in urban and rural areas, and in plains and Shield

or mountein areas. Some sites have been resorved for recreational and
residential use by goverments, 8+g. 1n federal, provinois® and municipal
parks and by zoning. Other areas in and near selilemente are rapidly

belng reserved privately,

Lake and shoreline gqualities vary greatly with water balanee patiorns,

For any lake, prscipitation wpon the lake surface plus surface and ground-
water inflow will equal evaporstion from the lake Flus surface and ground-
water outflow.,®* In the more humid areas (Figs. 61 and 63} procipitation
exceeds or 1s very close to belng equal to evaporetion, thus relatively
1lttle if any infiow is needed for outflow to take place. HMost lakes in
humid areasz remain fresh, have 1ittle fluctuation in level, and shorelines
are well develaped at outlet levele. In the wore arid areas (Flgs. 62 and

63), many of the lakes have relatively mmsll basing and outflow ia unusual,

* In central Albertsa, for example, the average values for Beaverhill
Lske would be approximately as followsat average precipitation 163®
for 60 square miles of lake area Pius a surplus of 1* from 330 square
miles (surface and groundwater flow) almost equsl evaporation of 25%
from 50 square miles plua 0 surface and groundwater outflow (70,400
scre feet is less than 80,000 acre feet thus the lake level would drop
approximately 3 inches, sse Figs. 1 and 38 and PPWB Report No. 5).
In s slightly wetter than average year there might be 18* precipitation
plus 1i» surplus to produce & small outflow. The apprecisble varistion
from one year to the next is indicsted in the fluctuating lake levels
and varisble streamflow. These are suggested by Figs, 1 to 6% in this
report.



These lekes stagnate, drop seasonally in level, have many different
shorelines and in mary ceses become alkaline. Some dry up completely

in the drier ysars (Figs, 40, 42, 45, 49, ste.}). Some of the lakes,

e«ge those in spillway channels such as the Qu'Appells Villey and

Chin Coulee, Tramping Lake, Manitou Lake, Cosl lske, Saunders Lake, stc.,
in the drier regions have larger basina. These have outflew in the
wetter years (Fig. 39, 41, 44, 48, etc.) but may drop to very low levels
in the drier years whern the unit ares flow is negligible and basin areas
shrink,

In most parts of the prairies the rscreational and habitation qualities

of lakes and streams can be improved by physical improvement of the

weter supply endfor by goning shoreline and bank aress to higher order
uses, Storage of seasonal surpiuses for later flow into lskes and streams,
the controlled drainage of some depreasions to concentrate local surpluses
in potentlally favourable sites, and the development of reservoirs based
upon streams that rise in high surplua areas can result in major improve-
ments in most water bod:}es for recreationsl purposes. Many problans of
flooding might also be reduced by such action. The habitability of some
envirorments is ciossjy related to the degres that recrestional develop-
ment may be undertaken. Most enviromments might be more or less attractive

according to how we use our water rescurces,

Many other patierns such aa the locstion of =odium sulphate depositz, the
tractionability of soils, the availability of water for oll-well drilling
and the habitat of game and Tur-bearing animals, and of shors and other

birds might be related to the patterns mapped and discussed.

87,



ag,

9. MWatershed Management
Watershed management objectives include the improvesent of etreamflow

yield, regime and gquality, the reduction of erosion and flood damage, and
the direct econamic use of the region (Laycock 1960). Some of these are
directly competitive but others are complemtentary. Not all can be

achleved at once and declsions must be made as to which sre neaded most
urgently and in the long run, It is apparent that, since it iz the major
source of the North and South Saskatchewan River flow, the mountain and
foothill portion of these basins must receive wmajor conelderation in
planning for watershed management (Section 3 of this chapter and Figs. 38
and 47}. The forest reserve portion of this region has watershed protection

as i1ts major management function.*

The physical potentisls for obtaining management objectives vVary greatly
from one part of the reaserve to another, largely because of differsncas
in water balance equation patterns (Laycock 1957 & 1960). Bara rock,
coarse colluvial deposits, and very shallow stony scilm have little
potential for management change anywhers in the mountsin and foothill
reglon, In contrast the widespresd drift, glaciofluvial, alluvial and
palustrine materiela may have major water yleld, reglme and guality
changes with changes in vegstative ¢over and u=e, but the potential for
these changes may be very limited if the climatic corcditions are unfavour—
able. In the back-range sreas, precipitation is large every year and

water yields may be increased by cover removal bscause there will then be

* Eastern Rockles Forest Conservation Board Acts of 1947,
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some reduction in evapotranspiration withdrawal of water from the
deeper so0il horizons. Such & cover removal need not result in sarious
eroslon or f{low regime change because most of the precipitation falls as
snow, meliing occurs over a long period because of the cool tenperaturaes
at thase elevations, summer rainfall 1s rarely intense and the natural

ground cover recovers quickly in this humid enviromment.

In the front-range and foothill areaa, particularly in the south, pracip-
itatlon varles greatly from year to year and in the drier years when
stresmflow le most nesded, moisture is not sufficient to penetrate to the
deeper scil horizons, Cover removal would not result in significant
yield increases becauss there iz little moisture at depth to be saved
from evapotranapiration loss. Clearing here night result in gerious
erosion and flooding because the dry periods might be followsd by intense
rains from tropical marine (Gulf) air masses which rarely and only locally
penetrate beyond the front range, The natural cover is not as denss or
vigorous as that of back areas becauss of the frequent drought, and its
capacity Lo protect surfaces from erosion has been further reduced by
more intensive use, particularly in graging., In these areas, watershed
management objectives should be oriented toward regime and quality
improvement, and to erosion and flood limitation, mot yield increase,
Although the map scales used in this report ars toc awall for direct
management applicstion, same of the general contrasts betwsen back and
front range areas are shown in Figa. 1, 3, 8, 38, 0, 4, 47, etc. and
are dlscussed separately {(Laycock 1957a snd b, 1958 and 1965).



Watershed management cannot be limited to only the Foresi Reserves in

the mountain and foothill region, or to the mountain and foothill reglon
of these basina, In the National Parks thers is 1ittla conflict betwesn
watershed and recreation objectives, sxeept for provision for artificisl
storage of water, Additionsl dsms and some management for yield increase
(in conjunction with the removal of aged, disaased trees) may bes needed
in the future., ZLimitations upon the intensive use of privately cwmed and
leased 1and in the foothills would help greatly in reducing erosion, flood
and sedimentstlion damage, Leass restrictions and subsidy payments for
shorter term grazing, ste. might be helpful. In the plains thers ig
almost no potential for yield increase {except possibly by slough drainage),
but much might be dona about ercsion and flooding limitation, regime and
quality improvement, and development of ‘local supplies for local use,

Both land management and engineering worke ars needed, not Just one or

the other in haphazard developments,
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IX. OSUMMARY, CONCLUSION ARD RECOMMENDATION

The objective of this study was to employ recently developed procedures

in defining and mapping the major patterna of water deficit and water
surplus in the Prairie Provinces more cloaely than had previcusly bsen
possibie. The water balance spprosch, employing particularly the procedures
outlined by C; W. Thornthwaite in 1948, was used and the major freaguancy
and intensily patierns of drought and surplus have been mapped. The &4
wepa selected for inclusion in theas reports depict the ma jor pattarna
defined in the study. Many additional maps have been drawn to show vari..

. ations ;f frequency and intensity, additional anmual and seasonsl patierns,
etc, The caleulatlons for many stations have been processed in other ways
and have been related to observed pstterns of deficit and surplus, and to
wany patterns of land and water use, o.g. see Chapter VIII. For reasons
discusased in Appendix C, acme of the gzeneralization= and aestmptions maﬂo
may result in significant errors in the wvalues mapped for specific areas,
¥yet the major mapping gradients have been confirmed in corrcborastive
studies using other techniques (Figs. 31 to 37) by the streamflow dsta
available and in local detailed studies.

I% would appear that improved measuransnts of the local water balsncs
patternas will now be more useful than additionsl attempis to devalop or
apply empirical procedures. Some of these measurementa will be made in
studies associsted with the Internaticnal Hydrologic Decade programme. Tt
is hoped that the new data can be related clossly to those available from

existing and contimuing records and that all way be related to the patterns



established for the period 1921.2950, Swue of the precipitation ang
temperatures data of the pericd since 1950 have been processed sc that,
some of the relatlonships discussed could be established or confirmed,
The remaining derived data should now be cbtained and processing on a
continuing basis is recommended, The forecasting value of these data
has been suggesied in Chapter VIII, @.g- in range management, estimation
of spring-moisture supplies for summerfallow and crop planning, explaine
ing current patterns in lake and well level fluetuation, and in estimating
irrigation requirements, forest increment, etc, Additional forecasting
may be done, but perhaps the grestest value of the present report and
continuing ealculations could come from the improved understanding and

rogions]l and time perspective we might obtain coneerning our water rasources,
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APFENDIX L

DATA SUPPLIES

The quality and range of avellable data hsve greatly affected the selection
of procedurses and the accuracy of maps in this study. Many qualifications
and limitations sre recognized yet it would appear that most of the errors
ars sufficiently minor, compensating or ralatively uniform in their distri-
bution that the major gradation patterns of water surplus and deficiency
are as indicated. Recognition of data deficiencles tan add to our under-
standing of the local variations within the generalired patterns and may
contribute to improvements which will ensble us to define patierns more

corractly in the future.

Procedures

The poasibilities for errors in mapping arising from limitstions in the
procedures used have been discussed by various authorities {e.g. Mather 195k,
Parman 1963, N.R.C. Symposium on Evaporation 1961, I.A.S.H, Assembly Pro-
ceadings of 1957, 1960 and 1963 etc.} amd several aspects are noted in
Chapter TII. The Thornthwaite procadures of 1948 have been used more than
any cthersbecause: (1) they can be employed for all statlons having monthly
tecperature and precipitation dats; (2) a complete water balanes for each
year can be caleulated; {J) they are esaily used st relatively low cost: and
{4) the patterns developed appear to torrespord closely to thoss of
vegetative cover, irrigation demand, measured streamflow, etc., without
significant procedural modification. The more complex Thernthwaite pro-
cedures of 1955 end 1957 add to our understanding of some relationships

but the results are ot very different in regional pattern and do not

appear to be any more correct when checked against streamflow and other

patterns in thia region.



Hr., George Robertson, meteorologist with the Canada Department of Agri.
culture, hes provided us with daily date for aight stations based upon
Thornthwaite procedures for the period 1921-1956. Both surpluses and
deficlencles were larger for the lower storage values than those based upon
monthly data but the differences were reletively minor for storage of over
two inches, 3Some regional differences are indicated, e.g. winter evapo-
transpiration is greater in the southwestern plains ™chinook belt™ then in
areas further north and east, but they are lexs striking and regular in
gradation pattern then we had expected and we have not corrected our final
maps accordingly. These data can be very useful in more detailed loocal

studles and particularly in erop scheduling and forecasting,

The 1948 Thornthwaite procedures do not ineclude direct allowance for
regionsl differences in wind, humidity end solar radiation. Each should
result in grealer deficiencies and smmaller surpluses in the southwestsrn
plialne then in the calmer, more humid and cloudier areas to the north and
east but, since these differences are partly reflected in tamperature
pstterns, the errors do not appear to bs large. The longer days in swmmer
in the northern areas undoubtedly affect potential evapotranspiration and
thus plant growth etec., but the Thornthwaite procedures do not allow for
extra day-length north of 50° N, latitude. It is possible that the
greater frost hazards within the growing season in these northern areas
st least partly comwpensate for this apparent error but furthor researeh

is needed before corrections can be applied,



Many other procedures have been tested for at least some stations and

two, Blaney-Criddle and Lowry-Johnson, have been applied for 89 and

L3 stations respectively. Neither provides a water balance for the year
and if Thornthwaite molisture storage allowances for spring are employed,
both show patterns very similar to thoss based on Thornthwaite procedures,
The allowances for greater day~length at higher latitudes in the Blaney=
Criddle procedure zppear to be excessive bul we cammot suggest modifi-
cations that would make the procedure more useful in this region. Allow-

ances for sun height above the horizon might help,

Cemparative studies employing methods outlined by Perman, Ture and others
have been leas complets, largely because data on variables such as sunshine
duration, mean humidity, wind movement, etc., are not widely available or
easily estimated. In addition, the procedures are sufficiently complex
and time consuming that major use would be costly. In general, the values

obtained do not irdicate that major regicnal correctiona should be made,

The greatest need in procedure svaluation and refinement would appear to
be for detalled water balancs studies to be carriad out within differsnt
parts of the reglon. Fortunately, a mmber of such studies are being
initisted within the International Hydrologic Decade programme, The most
advanced st present is in the Marmot Creek Basin { scutheast of Banff) and
the author is engaged in two, in the Whitewood Creek Basin neay Bdmonton
and the Baker Creek Basin near Yellmiknife,



Bagic Dats

The basic data on precipitation in the Prairie Provinces and wost of the
maps based upon them are much less reliable in showlng reglionsl patierns
then is conman)_.y believed. The errors present are prebably greater than
those due to basing potential svapotranspiration upon tha procedure used.
Some of the greatest improvements in mapping regional patterns of surplus
and deficiency can result from improvements in precipitation data collection
and in mapping with adjustments for the effects of topographic and other

variables.

The most striking errors in mapping relate to unrepresentative location of
praciplitation gauges. In mountain and foothill areas, most of these
instruments are located in the relatively dry valleys {e.g. Jasper, Banff,
Lake Loulse and Colaman) and most maps (e.g. Atlas of Canada, plates 25, 27
and 28} based upon the data obtained show far below average precipitation
for these regions. Precipitstion storage gauge, snow courge and streanflow
date indicate much higher values and sllowances for topography {elevation,
aspect, slope, position relative to other ranges and moisture besring winds,
etc.) have been made in scme studies (@.ge Laycock, 1957).

In the foothills and plains areas, manmy ststions in the desper velleys

(e.g. Nordegg, Entrance, Sunnegan, Peace River, Drumheller and Fort Qutippelle)
receive less precipitation then is received on the neighbouring plains and
much less than is received in hill areas nearby. There are few stations in
the hill areas partienlarly, but recent pasl year records, the different
vegetatlive covar, the grester stresmflow and presence of lakes and other
avidence indicate that the "mountains® on the Manitoba Escarpment, Turtle

Mountains, Moose Mountain, the Missouri Coteau, Cypress Hills, Hand Eills



Wintering Kills, Swan Hills, Clear Hills, Brick Mountsins, Caribou
Mountains and mamy other hills have aignificantly more precipitation than
the adjoining plains and valleys,

Many stations with ancmalous walues may have particular microorslief or
exposure relationships, Reading or recording errers mgy be present. for
others. Same anomalies cannot be explained. Red Deer has significantly
higher readings then Penhold and Hilladown nearby, but both of the latter
have low values for the region. Muenster has high values and Humboldt
nearby is low. Pinaws, Outlook, Fort Chipewyan and others are low while
figh River and Swift Current are high for their respective arsas,

Snowfell is particularly hard to measure and snow gauges in exposed sites
do well if they cateh over 60F of the total fall, The conversien ratic of
10 inchas of snow to one inch of.uator is not correct for all regiona and
storme. It baa been asgerted that 80f of our streamfiow is derived from
snowmelt {Durrant, p, 20 Weter Studies Institute Symposium, 1564). This

seans reasonsble as a generaliration for the plains, and data based on

the Thornthwaite procedures support the assertion. Inprovements in date—

supply for snowfall, particularly in the hill and mountain areas would
help us to improve the record,

Figure I of this study was drawm in 1957 because base mape showing presipi-
tatlon distribution, including a vary conservative allowance for topo-
graphic effecta, were not otherwise available. Other attempts to show
reglonal variatlons have been published in the last decede {e.g. Fryers 1956,
Muttit 1662, MoKay 1961 and 1965, Chapman 1965, etec.). Most of the other
mape in this study are based in part upon Figure I. If these wers to be

redone at this time, greater allowance for topograepby would be given and



local variations would be more pronounced. Improved data for the next

few decadas will add greatly to mapping sccuracy.

Temperatures maps do not indicate the local varistions dus to elevation,
aspect, slope, exposure, stc., but interpolation is easier than for pre-
cipitation. The smaller potential evapotranspiration of the mors elevated
areas and particularly the north in contrast to the south slopes is very
conservatively shown in the generslized maps. The cembination of higher
pracipitation and lower potential evapotranspiration in hill sreas results
in much larger surpluses and wuch smaller deficits then occur in the lower
plains but again the contrasts are shown in a very conservative marmar for
only some of the major hills. No allowances for potential evapolranspir-
atlon varigtions relating to lemgths of frost free and growing seasons or
for cool season temperatures over 32°F‘ have besen made, These refinements
must awalt more detailed mapping at a later date, The temperature dats
available are generally good but improvements in site location and inspection
are recaummended, o.g. the instrument shelter at Exshaw is st1ll green to
mateh the building ¥rim rather than the standard white,

If allowances for factors other than precipitation and tempersture are to
be made, thers must be improvementz in the data supplises available. Wind
spesds at different levels, raddstion, slbedo in different seasons, and
other varlisgbles must be meagured more closely. Little is known gbout how
much moisture is obtained from fog, mist, dew and the direct condensagtion
of molsture upon cool surfaces (e.g. snow) and allowances for svaporation
from snow and ice are still lsrgely puesswork. These varisbles may com-
pensate for each other in ascme sreas but imbslancesin most areas are likely,
Intensive local studies will help us to improve upon the maps we bave drawn,

Meamwhile, we might assume that the major patterns have been established,



APPENDIX B
SOITMOISTURE STORAGE

The moisture supply available to plants from soll-molsture storage
varles with the soii, the plant and the time and amount of rechargs.
If we assume thal recharge does take place, the most important vari.

ablez are 30il texture and depth of root development.
In the following table by Colman (1948} the moisture-storage capacities

of 30ils of diffarent textures are indicated,

MCISTURE CONTENT OF SOILS
(inches of water per foot af soil depth)

[ Soil Texiure | Pore Detention { Field [Retention |Wilting
Class. Saturation; Storsge JCapacity | Storage Point
Sand 5.0 4.1 0.9 Cu% 0.
Sandy Loam 5.0 Je2 1.8 1.1 0.7
Loan 5.0 2.3 2.7 1.6 1.1
Clay Loam 5.4 2,0 34 1.7 1.7
Clay Skt 0.4 5.0 2e5 2.5

Most of the water available to plants is that held in retention storage,

It ig the amount of water held after most of the gravity flow has taken
place lees that which 16 wnavailable at sufficient rates of use to maintain
turger. In practice a small part of the water held in detention storage
upon snd within, particularly the finer, soils is also available. This
amount, 1s significart in the Prairies because our frequant showers provida

at least partial recharge a mmber of times,



A lable provided by the Soils Research Laboratory at Swift Current in
1949 shows similar values to those indicated by Colman except for s

less sbrupt change in capscity for clays.

INCHES OF WATFR AVATLABLE FOR THE CROP
FCR DIFFERENT DEPTHS QF MOIST SOIL

" Depth of Sandf Loam and ' (lay Loams and Clays and { ,
oist Soil |Toam [Sitty loamms Silty Ioams . Heavy Clays)

1 «10 »13 ol5 17

& .60 .78 «30 1.02
i2 1.20 1,56 1,80 2,04

24 2,40 3.12 3.60 4,08
36 3.60 .68 5640 6.12

48 4,80 6,24 7.20 8,16

W, B, Bowser® has sugpested that a rough guide might be that water-holding
capacities intrasse by 1% for each 1% increase in clay content in the finey
solls, Robertson and Holmes (1956), Duffy 1964, and others in verious
soil-survey reports, eto, report similar moisture storage, s0il texture

relationshipe.

Soil textures are rarely uniform with depth and varistion in organic
matter content, structure, =alinity, use, etc. nsy greatly affect avail-
sble moisture supply. Bowser* has suggestsd that weter-holding capacities
increase approximately 2 to 3f with each 1% increase in ngturally-integrat—

ing organic matter content. Surface organic matter has a large detenticn~

* Personal communication in 1963.



2

storage capacity but retention-storage capacities are very low. These
materials con’trib.ute to improved infiltration of water into the soil,

If soil structure is favoursble, e.g. in ¢lay soils, roots will peanetrate
more readily and employ soil.moisture storage capacities to greater depths.
"Hardpan™ layers may greatly 1imit root penetration but thay may alsc
1imit movement of water in detention storasge to greater depths. ®=Alkali®
or saline solls have limited useful storage because wilting points arse
high. Soll fertility contributes to the development of root systems and
the better utilization of storage capacities. Tillage, grazing practices,
Torest fires and outting greatly affect storage by changing the vege-
tative cover, organic material content, structurs, fartility, runoff.
infiltration ratics, etc, Local surface runoff and groundwater move-
ments have subiracied fram available moisture supplies in some areas and

added to them 4n others,

Flant demsnd patterns are not uniform. Root penetration varies with plant
species, age and vigor as well 2s moil characteristics, Root otcupance
tends to be more complete in surface soils thsn at depth, and actual with-
drawal by roots that penetrate to four-foot depths may range from 60% to OF
at 1 to & feet (G, W. Robertson 19644}, Seasonal variations are important
because seedlings may wilt during early season droughts aven though moisf;ura
may be present at slightly greater depth. The time and smount of recharge

is included in the calculations based upon Thornthwaite procedures.

* In a seminar in the Soil Science Department, University of Alberta,
Edmonton,



If we recognize thal many local and regionsl exceptions are present
becenga of variations in soll, plant cover and recharge patterns, we
might suggest that water storage availsble to planta in the prairies

might vary approximately as follows:

WATER STORAGE CAPACITIES

{in inches)
Temmpal) |Comriaansy | Lopest Troes
Send 1 2 6
Sandy Loam z H 8
Loam and Silt Loam 3 7 1n
Clay Losm i 8 12
1 Clay 5 8 11

In general, the greater depth of rooting in the course and mediim-textured

soils only pertly compensatss for the groater retention-storage capacity

of the clay.

Regional patterns are very complex and only same of the more general pattarn
variations need be noted., The driar parts of the Prairies tend to hava
relatively low soil-molsture storage because of the limited recharge, the
low organic matter and sametines bigh salt contents of the soil and also
becsuse the sparse cover has an incomplste and shallow root occupance of
the s0il. The black soils have better recharge, humus content, fertility,
plant cover and root occupance, and are less likely to be sclonetgic. The

gray-wooded and podsol soils tend to have still better recharge, less hummus




and ¢lay in surface horizons, and a more canplets root oceupance to
greater depths, although widespread fires in the recant past have
resulted in mut':h of the cover being relatively young with varisble
rooting patterns. Widesprsad muskeg areas with impaded drainage have
largs use of surface-detention slorage and groundwater, and rock areas
heve very limited storage. Clay plains are more widesprsad in the
eastern and northwastern pleins than in the scuthwest, Sand plains
are less extsnsive but they tend to be mora widespread in the east

ard northwest. The till plains are wldespread but many of the tills,
except for those near the Shield, in the Rocky Mountalns and Foothills
are high in clay content.

The complexiiy of z0il moisture storage patterns is such that gensral

msps for a wide range of storsge values, e,g. 3, 1, 2, &4, 6, 8 and 12 inches
might be most ugseful. The appropriste map for a particnlar soil and
plant-cover cambination might then be selected. In the future, more
detailed maps showing local patterns of moisturs storage capacity for

specific 201l depths and crops may ba availsble,

5.
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