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ABSTRACT

A quantitative assessment of the spatial distributíon of Southern

Manitoba's agroclimatic resource base was undertaken. The research ob-

jectives were twofold: i) to establish a data base, using readily

available climatic data, sufficient to evaluate the climatic resources

andfor poËentials of this area with respecË to the utilization of Ëhis

knowledge in agricultural planning; and ii) to statistically analyse

thís data base so as to describe the climatic risks and/or advantages

associated with various regions \^tithin the province.

Thermal and moísture conditions within the provÍnce ü/ere studied us-

ing specially developed computer programs. Past records of daily c1i-

matic data from meteorological stations within the study area were used

Èo derive agroclimaÈic parameters which relate the effect of temperature

and moisture to plant growËh and developmenÈ. The parameters derived

focused on three essential climaÈic features: i) the occurrence of

frost.s in the spring and fall and the subsequent lengths of the frost

free periods, ii) values of heat accumulaÈed during the growing season;

an<l iii) the analysLs of soil moisture condiÈions under three different

crops.

Probability analysis was carried ouË on each parameter at the 502,

257" and l0% risk levels. The analysis undertaken showed Ëhe optimum

climatically suited area for intense agricultural crop production is the

Red River Valley. Thermal constraints in the area west. of the escarp-
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rnent and in the south east section of the provínce prevent these areas

frorn being suitable for crops requiring a long frost free period and

high accunulated heat requirements. The entire study area is generally

suited to cereal productíon, buÈ grain corn is feasible in only a few

selected regions. lfoisture constraints to hígh productiviËy are evident.

in the south west. region of the province in areas such as Souris, Pier-

son and Srandon.

-t_v-
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Chapter I

INTRODUCTION

1.1 OBJECTIVES OF THE STUDY

This thesis represents a quantitaÈive assessment of the spatial dis-

tribution of Southern Manitoba-s agroclinatic resource base. This re-

search consists of analyses of past weather daÈa, with emphasis on the

study of clirnaÈic parameters direcÈly affecting agriculture and/or agri-

cultural production. The ultinate aim of this study is to provide a

precise evaluation of the agroclimatic resources and potenÈials of thÍs

atea, to be used in maklng recommendations for future agricultural

strategies. As Stringer (L972) states,

Cl-imate may be regarded as a natural resource, and an impor-
tant application of climatology must then be to deternine
whether or not this resource is being properly utilízed.
(StrÍnger , L972:399).

The research objectives of the present study are essentially twofold

in nature:

1. Ëo develop an agroclimaËic data base sufficient to describe the

clir¡atic resources and poÈentials of the study area with respect

to its suitability for agricultural crop production, that is, the

interpretation of rar¿ clirnatic data to provlde input into agrí-

cultural planning.

to establish the probabiliÈy of occurrence of certain clinaËic

events ancl,/ot derived agroclimatic parameters important wiËh re-

2.

-1-
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ospect to successful agriculËure in Sout.hern Manitoba, so as t

provide a statistÍca1 perspective for assessment of Ëhe area.

IË must be stressed here that in a thesis of lirnited length, a complete

coverage of all aspects of planË/climate relationships is impossible.

Focus will thus be on t.he clirnatic elements which are of paramount im-

portance with respect to successful agriculturaL operations in SouÈhern

i'laniËoba, that is, temperature and moisture considerations.

L.2 STUDY AREA AND DATA BASE

The study area for the present. investigat,l-on eonsisÈs of the southern

portion of I'Lanit,oba as delineated by the fourteen provincial crop-re-

porting dístrícts (Figure l). Climatic records from meteorological ob-

serving stations within these districts wíll be utilízed ín ËhÍs re-

search¡ so as to provide a compleËe spatial assessment of the climatic

resource base of this irnportant agricultural-producing area (Figure 2).

The temporal seËting for this research encompasses climatic data from

L929 to 1978. The length of recording, however, wíll vary from sÈation

Ëo station. A complete listing of all weather stations used in this

analysis, thei.r location and years of recording can be found in Appen-

dix A.

Agriculture has tradiËionally been and continues to be one the

ofmost significant primary resource indusËries ín I'fanitoba. over

lvlanitol¡a-s total land base is utilized in agricultural production. The

cash values of Prairie farm products represents a substantial proporti-on

of t,otal income. rn L979, for example, the cash value of crops grown ín

l{anitoba accounted f.or 56"A of Èotal farm income (wíth do1lar value fig-

ures of $716.4 million) (Fraser, 1980:60).

of

L4%



Flgure l: Manitobats Fourteen Crop-Reporting Districts.

West Shore

LAKE

WINNIPEG

Eastern

Swan
River

t3

Dauphin I I

I
Neepawa

5
Spring-

f ield3
Red

River

Carberry

I
Melita

2
Killarney



Ffgure 2: Meteorological Stetlons Utilized in this Research.
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l,leather and elimate exerL a major influence on crop production with

respect to both quality and quantit.y. The effect of clirnate and clirnat-

ic variabiliËy, that is, t.he susceptibility of regions to fluctuations,

is especially rnarked ln regions rvhere agriculture, or any other economic

operat.ion is carried out near its critical threshold. An assessment of

climaLic resources is thus particularily important in an area such as

Southern l"lanitoba. Thís imp_ortant agricultural producing reglon is 1o-

cate<l close to the northern limiË of successful crop cultivatÍon, and is

characterized, as are many regíons of the Great Canadían Plains by both

moisture and thermal limitat,ions. As pointed out by Ëhe National Acad-

eny of Sciences (L976),

The ernphasis of agricultural research on environmental stress
(chilling, frost, heat, .. . ) points to the extenÈ to which
inany crops are cult.ivated in itarginal environments. (National
Academy of Sciences, L976:81-83).

ïhe climatíc evaluation carried out in this research can then be extend-

ed to assess optimum land use management and 1n accurate selection of

types and varieties of crops which may be grown in specific areas.

All climatological analyses in this research were performed by spe-

cially developed computer programs writ,ten in Fortran(H) language for

the Iltivl 360/37A system. All the programs require as input daily clirna-

tological observations of maximum and minlmum temperaÈure and precÍpita-

tion amounts as recorded at Atmospheric Environment Servíces meteorolo-

gical observing stations.



1.3 ORGANIZATION OF THE THESIS

the thesis has been organízed so as to first provide a brief intro-

duction of the research objectÍ.ves of this study. After these íntroduc-

tory comments of Chapter 1, there follows a short revierv of previous

agroclimat,ic sËudÍes undertaken. The literature revierv ís broken down

into essentially t.I{¡o categories: i) a review of various agroclimatic re-

lationships developed; and ii) a review of regíonal agroclimatic stud-

ies.

The thírd secËion will justify the theoretical considerations em-

ployed 1n esEablishing a daxa base sufficient to fully describe the c1i-

matic resources arrd/ ot potentials of the study area with respect to íts

suitability for successful agrlcultural crop product.ion. It begins wiËh

a discussion of the climatic data available and iEs temporal and spatíal

limitations with respect to iEs usage in this thesís. Following this is

a discussion of the plant/climate considerations need.ed to deríve a data

base. The fourth chapter of the Èhesis deals with a detailed díscussion

of the agroclimatic data base developed. Each paramet.er derivecl will be

highlighted and its significance discussed.

The fifth chapter will be the presentation of results obtaíned. The

majority of these will be presented either: i)graphically, in Ëhe form

of Ëables and graphs; and/or ii)cartographically, through the develop-

ment of a comput.er mapping and plotting technique. The results obtained.

r¿ill be discussed with respect t,o their applíeability to people involved

in various fields of agroclimatology.

The final chapter will conclude with a brief summary of the pertinent

sections of the tiresis as well as of the major findings derived from the
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analytical techniques employed. A concluding section offers directions

for future research based on the findings of this study as \üe11 as on

the exisEing gaps known to exist within the field of agricultural clirna-

tology.



Chapter II

LITERATURE REVIEI{

This chapter provides a short review of literaEure pertinenÈ to this

study in the field of agricultural clirnatology. Ernphasis will be on the

development of the agro-clirnatic parameters used in rhís study, as well

as on the regional studies focusÍng spatially on Ëhe Praíríe Provinces.

The significance of the research will be emphasized so as to note its

conÈríbut,ion to exisLing literaÈure rvithin this fie1d.

2.L AGROCLIMATOLOGY: AN OVERVIEW

"The rveather and clirnate exert a rnajor influence on many economic ac-

tivities, but few activitíes appear to be more profoundly affected than

agriculture" (l'launder, 1970:84). The effects of weat.her and t.he liniÈa-

tíons imposed by clirnate, with respect to successful cultivatíon of

croPs, have been recognized by rnan since early Ëimes. I{ith the ever-in-

creasing importance of agriculËural producËion in Ëoday-s society, in-

creasing emphasis both acadeurically and financially, is being given to

various agroclimatological studies. These ínvestigations of the rela-

tionships between weather/clirnaËe and agricult.ure are of extreme ímpor-

tance since weat.her is an imporËant variable in crop pro<luction ín trdo

basic vrays: i) through obvious clímatic hazards to crops such as frost,

drought, insufficient heaÈ and moisture for growËh and development; and

ii) through the misuse of land i{i.th respect to its climatic resources

and potentials.

-B-
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ïhe science of applied agro-climat.ology can serve as the fundamental

basis for future land-use planning ¡ âs well as for initiating future ag-

ricultural act.ivities and/or strategies. Application of the findings of

agro-clirnatic studies can conEribute to various decision-making process-

es rvhich involve the correct assessments of climatic factors. Examples

include: i) choosing of types and varietíes of agricultural crops, ii)

establishing the poÈential of land for agricultural use; and iii) aiding

in deËermining the mosE suitabfe methods of cultivation, scheduling of

irrigation requirements¡ êtc... The realization of the importanee of

accurate climatic assessüents and their economic benefit.s can best be

evidenced by the score of papers stressing the need for such detalled

studies (l3aier, L975; I'IcKay, Lg76; I-IcKay, 1980; I.Iallen, Lg72).

A short literature review of agro-climatic studies rvill now be pre-

sented so as to provide a background perspective to the research work

undertaken in thls thesis

i"iany books and scientific articles are availal¡le in the general field

of agricultural climatology/ meteorology (Aurerican iufeteorological Socie-

Èy, 1965; Chang, 1968, L97I; Smith, L975; lJang, L963; l,Jorld I'feteorologi-

ca1 Organization, Lg63, Lg72). These studies synthesize the various re-

lationships between meteorological elenents and agricultural crop gror4rth

and development. To facilitate a conplete understanding of the complex

interrelaEions beEween climate and agriculture and to develop a knowl-

edge of Èhe special statist.ical/analytical Eools necessary in climatolo-

gical research, reference can also be rnade to basíc texts in climatology

and/or cliuratological statistics (Brooks and Carruthers, 1953; Conrad

and Pollak, 1950; llaËher, L976; Panofsky and Brier, 1968; Thom, L966;

etc...).
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i'fore specifically, nuch of the \^rork done in the field of agricultural

clirnatology can be divided inEo t\,/o categories: i)the study and deriva-

tion of fundarnental plant-climate relationships; and íi) the study of

agricultural and climatic data for a number of places within a given

area. A brief review of rvork in these two sub-fields will now be dis-

cussed, with emphasis on those relat.ing to the canadian Prairies, and

i"lanítoba in particular.

2.2 AGROCLIMATIC RELATIONSHIPS

Recently, a considerable number of investigaËions dealing with the

influence of selected climatic parameters on many aspects of crop agri-

cult.ure, particularly with respecË Ëo planÈ growt.h, development and

yield, have been undertaken. A brief discussÍon of the results of some

of these undertakings rvill follow, but will be liinited to those con-

cerned with the climat.íc elements under investigatÍon in this sÈudy,

namely assessments of thermal and moisture considerations dlrectly in-

fluencing successful plant crop gror¡/th and developmenË.

2.2.L Teuperat,ure Considerations

lemperature is one of the primary climatic factors controlling the

growÈh and development of plants. This was recognized in Èhe early

1700-s and prompted the developmenË of t.he heaE unit concept. The prem-

ise of this concept being, that to reach maturity a plant must receive a

certain accumulated temperature requirement. These growing degree days

are calculated simply as the summed difference betr¿een the daily mean

temperature and a base temperature necessary for plant growth. This has
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served as the basis for many agro-climatic studies and as a focal point

for further research to develop a more precise rnethod of assessing the

effects of temperature on plant grorvth.

.Due to several inherent inadequacies l¿ithin this concept, Brown

(L964) suggested as an alternative the use of corn heaÈ units. Corn

heat units are obtaíned by summíng daily accumulations of units derived

from a mathematical formula:

Cl{U = {3.3[rnaxr(i) ]-.084[maxr(i)-10) ]2 +t. BIminr(i)-4. 4]I /z

where i includes all the days between lfay 15 and the first -2.2C frost

in autumn.

The corn heaÈ unit concept assurnes growth increases with íncreasing

temperature but sets a lower critical and upper optir:num temperature nec-

essary for growth Ëo proceed. I,Jhíle this concepË i.s an improvement over

the original heat unit concept, by recognizing the Lmportance of both

day and night temperatures and the detrimenEal effects of very high

temperatures, it st1ll fails t.o Ëake inÈo accounË the effects of other

cfimatic variables on plant. development. The heat unit concepÈ, howev-

€r, continues to be used in many modern agro-climatic studies, (Bough-

nerr_ 1964; Chen, L973; Edey, L977), lnany of which justify usage of it

for its simplicíty as opposed to its accuracy.

I{obertson (f968) derived a mathematical model for calculating the

daily rate of crop development of a cereal crop (I{arquis wheat). The

resultant model rvas a biometeorological ti¡ne scale for cereal crop de-

velopment ínvolving day and night temperature and photoperiod. In this

nodel Robertson assumed Ëhe rate of development t.o be determined by a

combination of a curvilinear function for phoÈoperiod and one for each
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of day and night temperature. InÈegrating this equation over time led

hiru to develop an equatí.on for calculating the degree of maturiËy over

various phenological stages. Five rnajor phenological stages of develop-

nent hlere reeognized. For each stage upper and lower threshold values

r'/ere established for photoperiod and day and níght temperatures, and

thus each day's contributíon to crop rnaturity could be calculaËed and

summed. A detailed explanation of Robertson-s model will be given in a

later section. I{illiams (1969) used derived temperature normals based

on latitude, longÍtude and elevaËion together with the biometeorological

model to determine areas on the Canadian Prairies where spring wheaÈ

would mature.

llilliams (L974a, 1974b) following the example set by Robertson, re-

lated the daily raËe of development of 011i barley to daíly temperat.ure

and photoperÍod. It should be noted that while barley is the quickest

maturing cereal crop, r¿heat fs a later- maturing crop, but has a higher

economÍc ret.urn. l,lí1lians (L974c) again using derived normals of temp-

erature and Ëhe l¡iometeorological time scale mapped the physical fron-

tier for growing barley to maturit,y ín Canada. Thus, both of these mod-

els used in eonjuncÈion \'¡ith clímatic daÈa can determine areas where

specific crops have sufffcient t.emperature and photoperiod to grovr to

maturity.

2.2.2 lvloisture Considerations

I'loisture, is the second major climatic facÈor

importance with respect to successful agricultural

Èhe lit.erature expresses precipitation as the sole

that is of paramount

operatíons. Much of

moÍsture considera-
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tion in planË growth and development.. tsut as in ËemperaËure studies,

analyses based st.ricLly on a single climatic element are too simple to

fu1ly explain the complex interrelations between plants and their mois-

ture needs. Precipitation is the main source of moisture for plant

growth, but it is the study of soil moísture which can best describe the

cli.rnatíc resources and/or potentials of an atea. Soil moisture is a

uore reliable índicator since ít represents a complex interaction be-

tween a varÍety of clirnatic elements, including precipitation, telnpera-

ture' radiation, and phoÈoperiod, as well a combínation of various phys-

ical soil properties.

several empirical soil moisËure budget.s have been proposed r.rhich cal-

culate soil rnoisÈure amounts using readily available clirnatological

data. thornthwaite and l'Iather (1954) recognized evapotranspirat.ion as a

climatic factor as importanË as precipiÈation in plant growth. Evapo-

transpiraËion represents Èhe combined r^rater loss through evaporation

frorn soil surfaces and Ëranspiration from growÍng plants. This evapora-

tive demand for \.later is a function of Èhe energy avaílàble (solar radi-

ation), the movement of moisËure from the evaporatÍng surface (wind),

the dryness of the atmosphere which ís affected by the humídity, the

Èemperature of the air and the temperature of the evaporating surface.

The difficulty of actually rneasuring poÈential evapotranpiration, neces-

sary to calculate soil moisËure amounts, led Thornthrvaite to devise an

empirical formula for calculating iÈ from a knowledge of mean monthly

temperatures and daylength. Penman (1956) related several climatic fac-

tors to estiuating values of actual and potential evapoEranspiration.

The climaÈic elements used included measurements of short-v¡ave radia-
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tion, hours of bright sunshine, air and surface temperatures, saturation

vapor pressure of tl-re surface and vapor pressure of the air. Baier and

rlobertson (1965) developed a technique for estimating daily latent eva-

poration from simple meËeorological observations and astronomical data.

SÍnce nost of the readily available clirnatic data consists of tempera-

Eure and precipitation records on1y, the original equation containing

some len meÈeorological and asÈronomÍcal parameters r,ras simplified to

include only three elemenËs, namely maximum temperature, temperature

range, and radiation amounts received at the top of the atmosphere. La-

tent evaporation can be converted to potential evapotranspiration by

urultiplication of a suitable factor. Baier (L97L) compared values ob-

tained from Èhis formula rvith those estimat.es from models by Penrnan and

Thornthwaite and found them to be superior t,o either of the oÈher ap-

proaches. DeJong (f978) found that estimates of potentíal evapotranspi-

ration at Pinawa by the Baier and RoberÈson equation were more in line

with pan evaporation at Bissett and Indian Bay than were estimates by

either the Thornthwaíte or Pennan equat.ions.

Baier and Robertson (1966) subsequently devised a versatLle soil

moisture budget for esËinating daíly soil molsture in various zones

within the soil profile using daily Ëotals of evapotranspiration and

precipitation. They suggest that the use of a soil budgeting method Ín

conjunction with past climatic records "would be mosË valuable for the

interpretation of plant growth habitudes, variations of crop yields and

for an analysis of the agro-climatic conditions of an area." (Baier and

Robertson , L966:313).
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2.3 REGIONAL AGROCLIMAT1C STUDIES

Cliruatic studies of Canada andfor regions within Canada have been un-

dertaken for some time. Climate was recognized as an inËegral parË of

the resource base of a region, but rrTas seen as a constanË, unchanging

variable. 0n1y recently have more studies emerged in which the study of

climate, its distributions, descript.ions and varíations, has been t.he

prime focus.

Significant sËrides in the field of mapping climatic resources for

agriculture have been reached. Baier (L976) r{as one of the first to use

noÈ only simple measured climaËíc elements, but also various derived

agroclinatic parameËers to describe Ëhe cli¡natic resource base of Cana-

da. As previously stated, when one is attempting to assess the suita-

bility of an area for agriculture crop producÈion, paraileÈers of direct

influence on plants must be used. It is not sufficient to merely use

standard Ëenperature and precipitat.ion dat.a, except as a first, very

crude indication. The particular sígnificance of Èhis research is the

description of the agroclirnaËic resource irase in a statistical perspec-

tive. In using climaËic data as a delineat,ing factor in agricultural

land-use stategies iË is precisely these climatic risks and advantages

of specific areas which are of paramount importance.

Simpson-Lewis et al (1979) also undertook an extensive research in-

vestigation by attenpËing to allocate the land resource of Canada among

a number of uses (agriculture, outdoor recreatíon, wildlife, forestry,

urban growth and energy development). The baselÍne data consisted of a

variet.y of physical, climatic, economic, social and aesthetic parame-

ters.
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lJith respect to suraller regional studies, reference can be made to

those in Eastern Canada by Wilson (L97L) and Chapman and Brown (1966).

hlíthin the Prairie Provinces, the dominant agricultural producing area

in Canada, comprehensive agroclirnatic studies are linited. I'fcKay et a1

(L967 ) presented a general analysis of temperaËure and moisture condí-

tions in Saskatchewan with respect to their importance for agriculture.

Shaykewich (L974), in his study of Southern lfanitoba, calculated mean

values for .several agroclimatic parameters and aËternpted a classifica-

tion of agroclimatic regions wit.hin Ëhe province.

llany more climaËic and/ or agroclimatlc studies have been carried out

in Canada and particularily in the Prairie Provinces. llowever, much of

the work done has concentrated generally on eíther a small specific area

or on a single cli¡natic parameter. The rnagnitude of the work undertaken

precludes a revier'¡ of it, instead reference can be ruade to one of the

comprehensive bibliographies of clímatic studies by Longley and Powe11

(L97L),_ thomas (L973,1978), and Thonas et al (1979). PerÈinent investi-

gations relative to the research undertalcen in this study will be dis-

cussed in greater detail later ín the Èhesis.

2.3.L Agroclfunaüology

Baier et a1 (L976) demonstrated the successful use of sÈandard clima-

tological data, using biometeorological nethods and soíl moisture budg-

eting, in evaluat.ing crop-r^reaÈher relat,ionships and in the analysís of

clímatic resources.

Long-term research into the relationships betrveen Canadian
Prairie crop yields and development...and selected clirnatic
and soil variables has been used successfully for estimatíng
regional crop producËion, for determining climaÈic limitations
of the area suiÈable for the culÈivation of these crops, and
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for assessing the impact of postulat.ed climatic changes on
crop production. (Baier et al, L976:I0B)

Iofaunder (f 973) stated that Ín the past, agroclimatic studies rvere

harpered by : i) lack of quality daËa and statistical methods necessary

to analyse iE; and ii) lack of knowledge of the responses of plants to

rveather influences. As evidencecl by a brief review of exÍstl-ng líËera-

ture, significant advances have been made recently in the field of agri-

cultural climarology. The introducÈion of modern compuËers, improved

staÈistical/mathematical techniques, as well as more reliable climatic

and agricultural data have made feasible much of t.he intensive agrocli-

matological research being undertaken today.

2.4 SIGNIFICANCE OF THE RESEARCH

Thís research represenEs a precÍse evaluation of Southern lulanitoba-s

agroclinatic resources by investigat.ing those climatic conditions which

directly affecÈ the growth of crops. The agroclimatic resource base

will be presented in a statistical perspective in an attempt to fully

portray Èhe climatic rísks and advantages associated with various re-

gions within the province. This sÈudy will hopefully be able to provide

agricultural specialists, governmenÈ decision-makers and individual cit-

izens with a better foundation for future agriculËural strat.egies based

on the opËimum utilization of the agroclírnatic resources and poÈentlals

of this area.

The significance of Ëhis research is most evident rvhen put into the

context of recent actions and statements by various instiÈutions and/or

individuals in the fields of agriculture and climatology. l,IcKay and

Findlay (1978) state that,
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reporting the clínaËic state in a statistical perspective and
evaluating its poÈential irnpact and the likelihood of its per-
sistence or changes, enhances iÈs utility in political, social
and econouric decisions (ItcKay and Findlay, L97B:411).

and even ivith our inability to forecast inËo the fut.ure, climatic proba-

bilities can yield fairly accurate predictions, although ignoríng the

exact tirning. The United States t\ational Academy of Sciences (1976:9)

identified "a number of realistic, attainable strategies such as using

climatic information in selecËing crop varieties, f.ot planning irriga-

t.íon syst€rtrs¡ êtc..." The World luleËeorological Otganization and Èhe In-

Ëernat,íonal Council of Scientific Unions ín unison with other varÍous

international agencies are planning a hlorld Climate Programme for 1980 -

200Û. The three focal points for the research are: i) applied climatic

studies, ii) investigating the impact of climate on human activitíes;

and iii) studying clirnatic change and variablilty (l'lason, l97B).

Some time in the future, Canada, and the Prairie Provinces in partíc-

u1ar, will have a need to use as much land as possible for agricultural

product.ion. A sound knowledge of Èhe climatic advantages and risks of

an area can facílitate the obtaining of Èhis objective through: i) effi-

cient land-use management and planning; and ii) attaining maximum effi-

ciency rvith respect to quality and quantÍty of agricultural production.

Although many argue that the highly variable nature of the atmosphere

renders analysis of past clinatic records questionable as guides for the

fuËure, it must be stressed that: i) climate does noÈ change rapidly

over short time periods (such as that used in this study); and ii) un-

til climatic forecasËing advances beyond its present sËaËe, the past is

the best guide to what we can expect ín the near future. Lar,rb (1965)

best sums up the present state of the science,
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A table of statistics of the past can never be a subsÈitute
for a forecast. tsut. forecasting of the climat.ic trends must
wait until the proper scientific basis for it exists. .. In
the meantime, practieal decisions for t.he future involving
clirnaËe have to be made by rnany practical men and instituÈions
and cliuratic statistics of the past have to be used for this.
(Lainb, 1965225)



Chapter III

METHODOLOGY

This chapter contai.ns a descriptíon of the theoretical consi.deratlons

usecl in this thesis as aids in achíevÍng the research objecËives. Vari-

ous theoretical and statistical meÈhodologies were eurployed in Ëhe two

stages within this investigation:

l. The first stage begins rvith the assembling of all existíng clima-

tological data so as to describe the behaviour of climatic ele-

nents having an effect on the successful growth of agricultural

crops. I'luch of the climatÍc data to be analysed ís in Ëhe fornr

of derived agroclÍuratic parameËers, that is, data r¿hich is not

directly measured on a site, buE can be derived, through mathe-

matical formulas, from actual meteorological observations. IÈ is

Ehese parameters r¿hich are necessary when one is atËempting to

describe Ëhe climatic resources of an area wit,h respect to the

application of this knowledge for usage in agricultural crop pro-

duction.

2. The second stage in this research is the analysis of Ëhese data

in varíous r^rays. In this section, the data base developed, that

is, both natural and derived parameÈers, will be subjected to

rigorous statisËical probability analysis to present the agroclí-

matic environment of Southern }lanitoba in a stat.istical perspec-

Ëive.

-zo-
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Lowty (L972) warns, however, thaË caution is needed when approaching

these trvo objecËives, since any analysis of climatíc data is hampered by

.two 
problerns: i) Ëhe accuracy and reliability of the data used; and ii)

the validity of the nethods and techníques utillzed.

This chapter lvil1 focus primarily on the procedures and Èechniques

used in the development of the agroclimat,ic data base.

3.1 DEVELOPMENT OF THE AGROCLIMATIC

3.1.1 Availability of Clinatlc DaËa

Before attemptÍng to begin analysís

DATA BASE

in this research, a study of the

availability and reliability of readily accessible cllrnatic data \^/as uTr-

dertaken. Atrnospheric Environment Services (AES) is the Federal Govern-

ment agency resPorlsible for the collection and distribution of meteoro-

logical daËa t.hroughout Canada.

The meteorological observing network within Canada is arranged into a

hierachy of recording staÈion importâricê. The synoptic or first order

stations record all or most of the surface meteorological elernents by

radio or teleco¡nmunications every one, three, or six hours. There are

290 of. these st.ations operat.ing in Canada, of which 20 are in l4anitoba.

Tl-rese represent the stations maintained by professionally Èrained per-

sonnel. By far the most common type of observing stations are the cli-

rnatological stations. These stations, primarily supervísed by volunt,eer

observers, are responsible for recording daily maximum and rninimum temp-

eraËures and daily precipiËation amounts. l'/ithin Canada a total of 22OA

sÈatíons are currently within the observing network of ivhich 140 are in

i'Ianitoba (Fraser, L979). To complete the meteorological net\¿ork, Canada
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mainËains a few upper air stat.ions which sound Ëhe atmosphere twíce a

day to supply additional information to AES.

Clinatíc data used in this study consists of daily maximum and míni-

muü teri'rperatures, ês rvel1 as daily precipitaËion amounts recorded at

both tl-re first order synoptic and t.he clirnaÈological observing stations

within Southern I'faniËoba.

3.L.2 Lirnit,ations of the Data

Since much of the climatic data used in this study consists of obser-

vations urade by volunteer personnel, t.he data records and contents are

subject to various discrepancies. The quality of this meteorologícal

daËa can be affected by several facËors:

l. changes in observing siÈe and exposure of the recording instru-

menLs, and changes in observing personnel. This presents one of

the largest problems encountered ivhen attempting to analyse clí-

matic data of sufficient length of recording. The volunteer cli-

matological netrvork in l-fanitoba is highly unstable, resulting

from many changes ln station location and observer, ^siting and

exposure of ínstruments, and a greater 1ag time in the detection

of faulty ínst.rumerits and poor exposure (Catchpole and Ponce,

L976). Any of these changes could have deËrimenËal effects on

the quality of the neteorological data recorded.

the quality and durability of the instruments Èhemselves can also

lead to erroneous observations. Prior to recent times there was

little standardlzation wíth respect t.o instrument type, site

and/or exposure, thus again suggesting cauÈion v¡hen dealing rvith

rigorous statistical testing of the data.

2.
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Ëhe limited spaËial and t.emporal coverage afforded the present

uTeteorological observing netü/ork. There is no systematic organi-

zatiou of the recording network in l,lanitoba. SEaËions are dis-

t,ributed aË random, with a heavy concentration in higher populat-

ed areas and correspondingly fewer in t,he sparsely populated

northern rural fringe, thus límiting the spatíal and geographical

extensiveness. The volunteer nat.ure of the network also limits

Ëhe tenporal coverage of many areas, as mentioned previously.

3.1.2.1 Selection of the Stations

The unstable nature of the climatic network causes much of the data to

be unsuitable for statistical analysis, specifícally wiÈh respect Ëo

length of station record, inhomogenit.y of stat.ion location, instrumenta-

tion and the common occurrence of missing daËa. Recognizing the defici-

ences within the available climaËic data rnade it incurnbent on the re-

searcher to aËtempt. to overcome these in an objectíve, systematic

manner.

SelecÈion criteria for sËaÈions Èo be included in the analysis were

adopted in order to: i) obtain a representative, distributional sample

of stations rvithin Southern Manitoba; and ii) to ensure that stat.ions

used had a sufficient length of continuous, homogeneous recording to

render Èhem suiLable for statistical analysis.

A complete 1ísting of all observing stations in }lanitoba can be found

in the AES Climatological Station Data Catalogue. This catalogue con-

tains the staÈion name and nurnber, the latitude, longitude, and eleva-

tion of each station, as well as acting as a general guide to periods of

t.ftne wíth no change in observing personnel, program, location or rrêrnê.

3.
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0f the total nurnber of stations listed, many \,Iere discarded due to

insufficienË length of recording. Climatic flucËuations/random varia-

tions necessitate an adequate number of years of recording to obÈain a

stal¡le, representat.ive value of the clÍmatic element under investiga-

tion. A brief review of the existing literaËure presents a conflicting

picture with respect to the number of years of data necessary to de-

scribe the climate and its variability within a region (Jagannathan eË

al, 1967). It has been an assuned standard to use 30 years as the

length of record necessary for any Èype of statisËical analysis. Other

researchers consider values of l0 years adequate (Lamb, 1965; I^1M0, 1960,

1963), while yet others suggest 15 years as a minimum (Jagannathan et

âI, L9672 l(osini, 1963). Sharon (1968) maintains that Ëhe length of re-

cord needed is dependent on the clirnatic element. under investigation and

Èhe variability associated r./ith it.

In selecting the minimum number of years of record to be used in the

analysis, it musË be remembered t.haL the longer the required record, the

fewer will be the number of stations which can be used. ConsÍderation

must also be given to the restriction imposed by using data which is of

too great a length. Secular variaÈíons in climatological series may

cause climatic statistics obtained from too long a period to be unrepre-

sentative of Ëhe contemporary climatic conditions of the region. In

Eiris study, a selection criteria of 15 years of record raas adopËed as

the minimum number of years of recording required for a station to be

included in the analysis. SimulÈaneously, data from stations r¿ith re-

cords longer than 50 years were truncated so that no analysis úIas car-

ried out on climaÈic records prior to 1929. Stations selected into Èhe
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analysis had to satisfy the condition of having relaÈively contínous

data. SEations with frequent gaps in their record were eliminated.

Following the selection of the stations sui-t.able for analysis, the

next step in esËablishing Ëhe data base rvas the problem of estimatíng

missing values existing within the clirnat,ic records. The occurrence of

missing data is quite frequent and is critical when using complex agroc-

liuatic parameËers which calculate plant grorrrth and development on a

daily basis.

3,L.2.2 Estiroat,ion of lvlíssing Data

The problem of estimat.ing rnissing daily temperature data was accom-

plished through the technique of 1Ínear regression analysis with sur-

rounding sËations. In determining a linear regression to estirnate the

rnissing data, a series of parameters were established which had to be

'met by stations to be used in the estimation process. The surroundíng

station havíng the highest correlation coefficient with the station hav-

íng missing data was then used to complete the data records.

It should be noted that, t.he above rnethod was only applÍed to the

Ëemperature data in this thesis. No estimaÈion of the missing daily

precipitation data ldas attempted, since no valid method of doing so is

knor¿n to the author. Summer precipitation in Southern ùLanitoba consists

nainly of localized randot¡ showers and according to Fraser (1980) close

to 507" of the total growing season rainfall orginates from random air

mass showers. Thus daily rainfall at a near-by statÍon may not be rep-

resentative of the station wiÈh missing data. As Paulhus and Kohler

(f952) sÈate, no effort should be made to ínterpolate datly amounts rvhen

Èhey are caused by sporadic rainfall.
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3.I.2.3 Linitations to the Study

The availability of accuraÈe, continuous, spatially distributed records

used in this study, somewhat limit the possibilities of more in-depth

research in the field of agricultural climatology. The resulEs obtained

in Ëhis study are only as reliable as the available climatological and

agricultural data permíLs. The serious problems of inhomogenities ex-

isting wiËhin the data are acknowledged, but to undertake a rigorous

study of Ëhis would involve a tremendous amount of Eime and money which

cannot be rvarranted in a thesis of li¡nited extent (IfacGregor, 1977). In

this thesis, only a superficíal invesËigation of the data was underÈak-

en. Thus, in any discussion of the results, caution will be exercísed

and only those findings that can be subsLantiated by statistical testing

will be presenËed as significant. The large number of stations utilized

ín this study will also faciliÈate detection of false results caused by

inaccurate daËa.

A,nother li¡nit.ation Ís imposed through the adoption of a minimum re-

quiremenÈ of 15 years of record. In using data coverl-ng, in some cases,

only 15 years the analyst runs the risk of dealing with periods of tirne

too shorË in theír temporal distríbutíon to be representatíve of the

area due to the exístence of clírnaËic variations and flueËuaËions, as

well as nodifying influences of the micro-environment.
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3.2 DERIVATION OF THE AGROCLIMATIC DATA BASE

I{hile all elements of climate are ínterrelaÈed in their influence on

plant grorvth and developlÌrent, the most import.ant climatic deterrninants

are t.emperature, moisture and light. This thesis deals only with those

agroclimatic parameters concerned \,/ith Ëhermal and moisture considera-

tions important to agriculture on Èhe Canadian Plains. As sÈated previ-

ouslyr simple rneasures of dai1y, monËhly, seasonal or annual values of

t.hese elements are not suffícient t,o explain the grorÀrth and development

of plant crops. The agroclimatic parameters, used and derived in this

invest.igaËion, range from simple parameters such as dates of occurrence

of frost.s to use of a biometeorological time scale involving a variety

of rneteorological and astronouical elements.

3.2.L Therrnal Considerations

Temperature is one of the main clirnatic factors of extreme irnportance

to plant growth and development and can effectively deterrnine what crops

can be grohtn successftrlly at specífic locaÈions. Thermal considerations

are given paramounË importance in this research due to the relatively

northerly location of the study area.

As staÈed by Simpson-Lewis et al (L979),

Canadian agriculture Ís especially vulnerable. . . The c1ímate
for agriculture is generally less favorable as compared to
other rnajor food producÍng areas of the world. When combined
wit.h an overall inability to predicË seasonal or annual condi-
Ëions, it leaves mucir of Canadian agriculture susceptible to
economic losses from climatic factors. The more northerly
farm areas are particularly vulnerable. (Simpson-Lewis et al,
L979 234) .

Plant growth can occur in a wide range of temperatures varying from 0

to 60 c. ilowever, every plant has a specific upper and lower tempeïa-
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ture threshold, above or belorv which plant grorvth and development is

hampered or stopped completely. I\riEhin thi-s interval lies an optimum

temperature range, within which plant growth occurs at its maximum.

ihese three cardinal tenperatures vary through-out the various sËages of

plant <levelopment.

Even with temperatures adequate for plant growth, a number of liurit-

ing temperature considerations seriously affect crop growth. Thermal

considerations are essential in three aspects of plant grolth: i) temp-

eratures at the beginning of plant growth, íí) teaperatures over the

progress of the growíng season; and iii) the length of the grorøing sea-

son. These three aspects can be converted into agroclimatic parañìeters

which are of more ímportance to plant growth than mean values of daily

or monthly temperature.

llre dates of occurrence of the last spring frosts of 0 C and -2.2 C

are valuable indicators of temperature near the beginning of plant

growth. A temperature of -2.2 C or lokrer is someÈimes referred to as a

'killing frost'. The occurrence of spring frosts can determine Ëhe daÈe

of planting. Itrowledge of the average daEe of the occurrence of the

lasË frost in spring can facílitate the scheduling of seeding Lo corre-

spond to times when Èhe chance of frost damaging young plants is minimal

or at. the level of risk at whích the farmer is willing to Èake.

Accumulated values of temperature above the growth threshold can be

used as indicaËors of thermal condiËions during t.he progress of the

growing season. The use of derÍved parameters such as growing degree-

days, corn heat units and bÍophotoÈhermal units can facilitate charac-

terization of the temperature regime encountered by planËs during the
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groiì7ing season. Ilapping of critical values of these temperat.ure aceumu-

lations necessary for plant growttr can aid in Ëhe evaluation and.deli-

neation of areas suitable for cultivation of specific crops.

The length of tlre growing season is probably the most crucial deter-

urinant in delirnÍting areas suitable for the successful production of

various crops, sínce this period represenËs the Èime available for crop

growth. The derived parameters of the date of occurrence of the first

fall frost and Ëhus the subsequent actual length of the frost.-free peri-

od provide effective measures for determining Èhe approximaËe length of

tiure available for plants to grol{ and mature.

3.2.2 MoisÈure ConsideraÈions

The second rnajor lirníting climatíc factor of consequence in Southern

ltanitoba is precipitation arrd/ ot soil moisture amounts. Growing season

precipitaEion, along with stored soil moisture ln the spring represenËs

an estirnation of the total ariount of r¿ater available for plant growth.

The Ër¿o factors of imporÈance ruith respect to moisture considerations

are: i) the variability of precipítaËion; and ii) the accumulation of

precipitation over the growíng season. A simplistic approach to the

study of the agroclimatic potential of an area ruith respect to moisture

considerations can be accomplÍshed by calculaËing the total amount of

preeipítaËion received during the growing season. A simple ËoËa1

anount, however, can misrepresent the moisture situaÈion, since it gives

no indication as to the tining of the rainfall. Variatíons in t.he tim-

ing of the occurrence of precipitation can have considerable implíca-

tions. Availability of water at certain, often short, critical periods
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ment and ultirnately yie1d.

An analysis of precipf'raËion alone cannot furly <rescribe the reratíonbetween planÈs aird their vrater requirements. Soil moisture is thesource of wa.er of prime concern for crops and is a more suitable varÍ-able when investigatíng the in"fruence of climaËe on plant grovrth and de_velopmenr' soil moisrure d"rrt r";r".."'.;";;rr"ence of various cr_ímar-ic elemenËs r namely precipi.ati.on, temperature, radíaÈion anclevapotranspiratíonr or the avaÍlability of ú¡ater Ín the soÍl layers.unfortunately, observed soil rnoÍsture data are scarce, and subject to ahÍgh degree of uncertainty due to measuring techniques, erroneous read_ings and randorn fluctuati.ons of soil moisture over shorË distances (Bai_€f' L976)' This stucry will thus utilize the empirical method of calcu_lating potenËial evapotranspiraÈion by Baier and Robertson (1965) tocalculate soir moi.sture anounts as a function of potenÈial and actualevapotranspÍration and precipitation amounts. Soíl moisËure budgeting
r'¡as carried out for three different.crops in this study: Í) wheat, ii)corn (grain and silage corn)i and iii) alfalfar êt various sËages intheir development.

3.2.3 EsÈínation of planring Dates using Clinàjologtcal Data
As previously stated, extensive agroclimaÈic analyses are hampered byboth lack of quality and quantity of agricultural and climatological

data' rn addition to the derivation of the agroclímatic daËa base fromexisËing climatic records, lack of agrÍcultura1 data Ín the form ofdaËes of planting, necessita'ed the derivation of this factor.
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I''i,any of the agroclírnatic parameters derived and used in this Ëhesis

require knowledge of the date of planting. To facilit.ate an accurate

representation of crop gro\^/th and development during a specific year,

knowledge of dates of seeding is essential. The phasing of stages of

plant development, especially of annual crops, depends on Ëhe date of

sowing. Each different sowing time causes the crop to react t.o the var-

ious elements comprising iËs environment in a distinct way and with var-

ying results.

Prevíous studies have Ëended to use an average daËe to indicate the

beginning of the growing season, usually chosen as llay 1 or May 15. A

more Precise method of determining Ëhe actual meteorologícal conditions

encouritered by crops duríng a year is by using observed or actual plant-

ing dates as markers of the beginning of the plants growth season.

Planting,dates are available from Statistícs Canada: Crop Reporting

Files (Field Crop Reporting Catalogue lf22-OO2) for rhe years Ig4B -

1978. Planting dates are assigned Èo each of the 14 crop-reporting dis-

Èricts based on surveys of percenÈage of seeding completed at selected

areas within Ëhe crop district. Plant.ing dates are determined when

seeding within the area is 502 or more completed. These field crop re-

ports are published weekly beginning in I'Iay and continue through til1

harvesting operat.ions are generally eompleted in late Septernber. Since

Statistics Canada records planting dates accordíng to rveeksr âD empiri-

cal formula was used to convert week of planting to acËual day numbers.

I'ihen seeding was recorded as being 502, or more completed during a spe-

cific week, planting clates were then calculated by the following forrnu-

1a:

Planting date = (I'Ieek number - 1) x 7 + 3
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Week nuinber was calculated from }Íay I (Dyck , L97B).

In a11,31 years of seeding dates are available. In the analysis un-

dertaken in this thesis it was necessary to have approximately 50 years

of such data to obtain a reliable statistical distribution. To this

end, a ForËran computer program r{as wriEten Èo estimaËe planting <lates

using only cliuratological data. Selirio (1969) and Selirío and Brown

(L972) conducted similar estimation studies Èo determine the probabiliËy

of having suitable conditions for early cultivation and seeding opera-

tions, sÍ"nce it is widely accepted that early seeding of annual grains

tends to promote higher yields. Using a soíl moislure budgeting techní-

lluê, they esËablished several climatic criteria Ëo determine when the

soil was assumed to be Eractable (i.e.: suitable for seedíng), namely:

i) soil moisture \.las aË or belorv 9OV" of. field capacity, ií) daily pre-

cipitaÈion (snowfa1l) less than 2.5 crn., (a value of .25 crn. in ¡vater

equivalenÈ terms); and íÍi) maximum air temperature \ùas above 0 C.

Baier (1973) used the versatile soil moisture budget to estimate

field workdays during varíous times within the calendar year, as well as

during various stages of crop development. A field workday rvas defined

as a day with no snor\t cover and various levels of estimated soíl moís-

ture conditions in the upper three soil zones. An average date of

planting was used Èo mark the beginning of plant grorì7th, buË Baier

stressed the need for future research Ëo develop a planting date estima-

tor for various crops and soils. l.lassan and Broughton (1975) presented

a revierv of other studíes rvhich use soil moisture levels as a criteria

for soil tractability (field irorkdays).
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Soil moisture budgetin.g EectrnÍques r{ere used in this research in an

atËenpt to estimate planting dates from climatological data. Soil mois-

ture budgeting began on April 15 wiËh the soil moisture level assumed to

be at field eapacity. Soil rnoisture budgeting $ras performed as follows:

soil rnoisture (day i) = soil moísrure (day i-1) f precipitation (day i)

- actual evapotranspiraËion (day 1). Actual evapotransplraÈion was cal-

culated as a proporEÍon of the potential evapotranspirat.ion as defined

by tsaier and Robertson (1965). To determine daÍly amounts of actual

evapotranspiration (AE), consumpt,ive use factors (CU) \4rere established

following the example set by selirio (1969). The consumptíve use fac-

tor, the ratio of AE/PE, is a function of available soí1 noisture and

is equal to I (unity) rvhen the soil moisture is between 95 - l00Z of

field capaciËy and is calculated by the following expression rt¡hen the

soil rnoisture is t¡elow 952:

CU = (0.01) x (L27.42) exp(e/100)

where Ð is the percenlage of soil moist.ure. AE was then determlned by

¡\E=PExCU.

Críteria used in thís study to est,imate planting dates r^rere as fol-

lows: i) soil moisture r^ras at gO% or less of field capacity, ii) maximum

temperature r¡/as above 0 c, iií) precipitation was less than 2.54 mm.;

and ív) planting \^ras assuned not to start until after 5 consecut.ive days

I^/ith Ëhe above climatic conditions. Regression analysis vras then run on

the observed and estirnated planting dates to establish regression lines

to facilitate t.he esÈimation of plant.ing <lates for the years prior to

1948. Correlation values frorn this procedure ranged from r=.4 to r=.6.

It'lthough these values were lower than those obtained by Selirio (1969)
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they r¿ere deened acceptable since circumstances surrounding the t\^to

studies are quite different. In Selírio-s study actual planting dates

were used, âs opposed to dates estimated by Statistics Canada in the

present study. Also, the previous study \üas concerned with only one ba-

sic soil type while the present study involves three different soil

types.



Chapter IV

ANALYSIS OF THE AGROCLIMATIC DATABASE

This chapter discusses the deríved agroclimatic data base developed

and intioduces the probability analysis underËaken whose results are

presented in chapt.er 5. This chapter is organized so as to first pro-

vide some introduct.ory commenÈs on the inportance of probability theory

within agricultural climatology. Following this, determination of the

probabilities associated with each of the derived agroclimatic parame-

ters r¿ill be discussed separately in the following order: í) frosts and

frost-free periods, ii) growing degree-days and corn heat unit accumula-

tions, iii) the biometeorological time scale for a cereal crop; and iv)

soil moisture analysis for three differenE crops.

4.L PROBASILITY THEORY IN AGROCLIMATIC RESEARCT{

The main focus of the analytical stage within this thesis deals with

Ehe probabilicy analysis of the agroclímatic parameters derived. The

concept of probability is fundamental to the study of many climatologi-

cal problems. As stated by Stringer (L972),

In view of the complexiËy of the atmosphere. . . one can never
be certaín of any explanation or predicËion in climatology.
Data in climatology are almost always used to make some sort
of decision or statement, and in any probleurs of decision-mak-
ing under uncerËainty, the r¡rathematics of probability provides
the logical guide. (Strínger, I972:107).

SuËcliffe (1968) stresses the fact that in agroclimatology, both the me-

teorological and agronomí.c factors are extremely variable, both tempo-

-35-
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rally and sPatially. iie then goes on to state thaË trends on any time

scale cannot be extrapolated into the future, but that the clirnate can

be predicted in terms of means or frequencies or probabilities for time

periods ahead.

Probability can thus be defined as Ëhe relat.ive frequency with which

an evenË occurs over the long run, Ëhat is, a measure of the assessment

of the likelihood that an evenÈ will occur. It is precisely the estab-

lishment of these probabilities or risks associated with the occurrence

of climatic events affecting crop production rvhích provide a sound cli-

matic basis for the assessnent of future agricultural strategies. De-

termination of ernpirical probabilities based on past meteorological ob-

servat.ions can directly aid people involved in the decision-making

aspects in agriculture. Þlean-value maps of important agroclimatic pa-

rameters can only provide a first look aË the climatic capabílities of

given regions. i"Iore important are maps of those parameters showing the

probability of occurrence of various cliuatic conditions, that is, the

cliuratic varlabíliËy assocíated with specific areas. Knowledge of t.hese

risks are essential, sínce it is the extremes which generally play the

key role 1íLniting factors in agricultural productíon and ultimately f1-

nancial/economÍc considerations .

Thus, probability analysis was undertaken in this study to provide

estimates of degrees of risk associated with particular climatic events

in order lo facilitate inprove,l agricultural strategies based on a sound

knowledge of the climate.
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4.2 PROBABILITY THEORY

Calculating values of the derived agroclimatic pararneters using past

climaËic records resulÈs in a series of values known as a climatological

series. The agroclimaËic pararneters ut.ilized in this study are conÈinu-

ous random variables since ¡:recípitation, temperature or any element

ueasured on a continuous scale is a continuous ràndom variable (Thom,

L966). Collectively the values derived fron these variables form a sta-

tistical series.

llefore attempting any type of probability analysis on a cliinatologi-

cal serÍes, one must deËermine the frequency distribution of the data in

question. livery clirnatological statistic is a random variable which

forms a population for rvhich tl-rere is a frequency distribution. The

distribut.ion of any continuous random variable is deseribed by a fre-

quency curve. The area under this curve between two limits on Ëhe hori-

zontal scale represent.s the probability thaË the varLable will assume a

value lying withín this interval. These distribution curves for contin-

uàr'rs random vaïiables are specified by mathematical formulas. Relevant

probability tables have been estal¡lished for commonly used frequency

curves. Thus, once the distribution of the data is know, the probabill-

ty of occurrence of specifÍc clímatic conditions can be readily deter-

mined using the relevanÈ probability Ëab1es.

In this research where some of the agroclimaEic

vestigation have not been fit to a knorün frequency

first stage in the analysis is the fítting of the

distributíon. Result.s of this analysis can be found

parameters under in-

dÍstribution, t.he

data to a frequency

in Appendix B. The

its known frequencysecond stage is the application of the data, with
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dÍstribution, and the corresponding probability tables to determine the

probabilicy of the parameter taking on specific ranges of values.

Each of the derived agroclimatic paraneters established and calculat-

ed will be discussed in turn. Their importance with respecË to agricul-

ture' as well as their unique stat,istical properties will be discussed

in order to highlight the significance of the results of Èl-re probability

analysis undertaken.

4.3 FROST

Frost is a climatic condítíon on a land surface which occurs when Ëhe

teürperature drops below 0 C. The level of 0 c has generally been used

in many frost studies since thís represents the temperature at which wa-

ter will f.teeze. The freezing of t/ater rvithín plant tissues can seri-

ousry affect plant growth, development and yield. The extent of damage

imposecl on crops by freezing temperatures clepends upon several factors:

i) the degree of frost intensity, ií) duration of Èhe freezing tempera-

ture, iii) stage of development of tl"re planË; and iv) the plant speóies

under consideration. Carder (1965) and ilayter (1978) maíntain thaË a

temPerature of 0 C does not usually result in cereal crops being killed

or severely damaged. They prefer to use -2.2 c as the crítical tempera-

ture at v¡hích frost frequently results in extensive damage to plants.

In an area such as Southern Ì''lanitoba where crop production is prac-

ticed close t.o its northern linit, frosËs are a serious economic consid-

eration in agricultural producËion. As llayter (1978) staËes,

Frost is botir a constant limiEation to the range of agrícul-
tural pracEices and a killing hazard which can occur sporadi-
cally during Ëhe growing season. (l{ayter, I978:95).
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l'rosts and their occurrence are especially critical aË specific times

t.hrough-out tÌle year. The dates of occurrence of the last spring frost

can deterLnine the daËe of planting, while the occurrence of frosË in the

fall- determines the last date on which plant growth can proceed. The

frost-free period, t.haË is, the period of time between the date of oc-

currence of the last spring and the first fall frosÈ,

total Èime available for plant growth and development.

Crop

Barley
Buckwheat
Canary grass seed
Grain corn
Field beans
Field peas
Flax
I"lustard
Oats
Rapeseed late

early
Sunflowers
Sugar beets
trlheat

bread
durum

(Principles and Practices

represents the

Calculated mean

Days to lfature

60-80
80-90
95 - 105
r10 - 120
105 - 115
90 - 100
85 - 100
B3 - 102
85-BB
92 - LOz
73-83
120 - 130
120 - 140
90 - 100
90 - 100
100 - t07

of Commercial Farming, L97I:L2O-L42).

and probability values of these various parameters, along r.rith a knowl-

edge of the approximat.e number of days requíred for a given crop to ma-

ture (Table l) can aid in delineating areas suitable for specifÍc Ëypes

and varieties.

TABLE I

i{umber of Ðays Rer¡uired t.o I'f,ature Various Crops
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Ïhe liriritations imposed on the successful cult.ivation of agricultural

crops by fhe occurrence of frost have been recognized for a consiclerable

period of tirne. The occurrence of frosts in the spring and fal1 and rhe

resulting frost-free periods have been studied for most areas in Canada.

(Baier, L976; ilayter, L978; Longley, 1967; l'IcKay eË al , Lg67; Rheumer,

1953; Shaykewich, L974). Few however, have attempted Eo describe the

occurrenc.e of frosts ín a statistical perspect.ive. Þlean values of the

dates of occurrence of frosÈs and average lengths of frost-free periods

can only yield a very crude estimate of the suíÈabiliËy of an area for

specific crop production. l'{ore important is knowledge of the c]imatic

risks and/or advantages of an area, that is, the probabilities assocíat-

ed with Ëhe occurrence of frosts after or before specific dates in the

spring and fall- and t,he probability of receiving a shorter frost-free

period than indicated. Since the occurrence of frost has serious eco-

nomic funplieations with respect to the successful cultivation of crops,

people involved in agriculture should have full knowledge of the clímat-

ic risks of regions to alloitr them to plan their agricultural strategy

based on a leve1 of risk v¡hich they are lvil1íng to accept. As Snith

( f975) sËates,

The easiest and cheapesL lray to prevent frost is to atLempt to
avoid it, either by selecËing areas where frost is least 1íke-
1y or by arranging the growth of the plant by planting it when
the chance of frost is at a minimum. (Srnith, 1975:8).

The analysis of t,he occurrence of frost was accomplished by caleulat-

ing the dates of occurrence of the last sprlng and first fall frosts and

the subsequent frost-free periods defined as nor¡tal paramet.ers at 0 C

and as killing-frost paramet.ers aE -2.2 c. spring frosts were defined

as days betü/een January 1 and June 30 during which the temperature fell



below the base t.elnperature. Fal1 frosts v/ere defined as those clays

tv/een July l and Decenber 3l d.uring whích the tenperature fel1 belo¡,¡

base temperatures set in this study.

Äs previously staEed, before att.empÈing any sort of probability anal-

ysis, the frequency distribution of the data under investigation must be

deËermined. Thom and Shaw (1958) deternined that the dates of occur-

rence of the last spring and first fall frost iüere normally distributed

and could be fit to a normal frequency disËributíon. They also conclud-

ed that the difference betr'reen Ëhe dates of spring and fall frosts, thaË

is, the frost-free perio<l, r+ould also be normally distributed. Rosen-

berg and l'fyers (L962) extended this research and shor¿ed that frosË se-

ries l¡ased on both advective and radi.ative spring and fall frosts \{ere

random and normally distributed. These two studies thus provide the ba-

sis for the use of the mean and t.he standard deviation values in the

probability analysis, assuning a normal dístribution.

¿\t this point, it musË again be stressed thaË the concept of the

frost-free period can be misleading. The occurrence of rnicro-clímatic

variations of air temperaËure over shorE disËances can cause cornplica-

tions, since the ternperature values used ín the study are measured in a

standard inslrument shelter, noË r.ríthin the growing crop itself. Thus

values of the length of the frost-free period and Èhe dates of occur-

rence of frosts in spring and fall can only be used as rough approxima-

tions Èo the total length of time favorable for plant growth.

4I

be-

Lhe



4.4 IIEAT UNIT CONCEPTS

Grot^zing degree-days and corn heat units are agroclimaËic parameters

of the accumul-ated expressÍ-ons of the accurnulated temperatures encoun-

Ëered by plants throughout their grorvth season. These paraneters are

mathematically derivecl from er,rpirical formulas using daily maximum and

minimun temPerature records. Simplistic as both ttrese paranìeters are,

Ëheir areas of applicaÈion still in use today ínclude: i) Èheir use in

predicting stages of crop development, ii) as forecasts of harvest

dates, crop yields, and crop quality; and iii) as delineating factors

for selecting crop varieties for an area eit.her for int.roducing ne\,l

crops into an area or for introducing different varieÈies inËo regions

4.4.L Growing Degree-days

The growing degree-day heat unit concept is one of the oldest derÍved

agroclimaÈic parameÈers rvhich attempËed Ëo use clír¡atic data as a basis

for applicat,ion in agrícultural planning. This growing degree-day con-

cept ís basecl on the assumption that. a plant requires a deflnite amount

of heat in order to reach iËs various sEages of development.. It also

assumes that there exists a certain base temperature, for each plant,

below whi-ch plant growth ceases and above which gror4Tth increases línear-

ly with increasing temperature. Thus the amount of effective gror{th

heat received during the day is calculated as the difference betryeen the

mean daily temperature and Ehe base Èemperature for the crop being stucl-

Íed. These growing degree-days are accumulated over a specific time

period, usually the growing season as defined from llay I to September

30. The empirical formula used to derÍve grorving degree-days is as fol-

(lF¡p¡i¡t:

lows:
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TotaL /l grorviu.g degree-days= sum{ [maxt(i)+mint (i)]/2 - base Ëemperature]

r,rhere i represents all Èhe days betr+een l'{ay l and September 30.

The base temperature of 5.5 C is the accepted normal for most cereal

crops and was used in tiris study af ter Boughner (L964), I'IcKay et al

(f967) and Shaykervich (L974).

The weaknesses of this simple approach to describing the heat re-

quirements of various crops lie in iËs inherent assumptions wiÈh regard

to the relationships between thermal considerations and effect.ive plant

grorvth and development: i) this concept assumes that there exists only

one base temperature throughout the entire life of the planÈ. It has

been shown rnany times that as plants grow and develop, their heat re-

quirements change and thus the base Èemperature for most plants change

from one developmental stage to the next, ii) ít assumes that Ëhe rate

of plant growth increases linearly with increasing ternperature. It rec-

ognizes the lower critfcal temperature, ì:ut does noË take inËo account

the detrimenËal effecÈs of extrernely high t.emperatures. Thus, it fails

Ëo recognize the three cardinal Ëemperatures, that is, the upper and

lower thresholds and the opt.imum temperature, irnportant iå a plant's

rate of growth and development, iii) it also assumes that day and night

temperatures are of equal importance with respect Eo planË growt.h. It

does not recognize tire concepÈ of thermoperiodism, which stresses the

ínportance of considering day and night temperatures separately; and iv)

this concept also fails in thaË it does not Èake into account other cli-

matic or astronomical variables rvhich affect growth and development,

(e.g.: photoperiod). Even with t,hese proven inadequacies, the use of

growing degree-day calculations contj-nues to be an important parË of
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many agrocliinatic sEudies. Grorving degree-days are calculaÈed in this

study Eo facilitate conparison of results obtained here r'rith similar

sË.udies previously carried out in Ì'lanitoba and oÈher parts of Canada.

4.4.2 Corn Heat Units

Corn is increasingly becornÍng an importanE crop in }lanitoba, both for

its high economic return as grain corn and as high energy silage for

livestock procluction. As with all other crops high production of both

silage ancl grain corn requires sound management.. Essential to high pro-

ductivity in Southern I'lanitoba ís the selection of corn hybrids cllmati-

ca11y suited t,o particular cliurat.ic regions, based on both thermal an<|

moisture assessments. Temperature is probably the most critical factor

lirniting corn gro\4ting in I'lanitoba, since corn requires higher tetrpera-

tures to maËure than smaller cereal crops. In attempting to classify

areas suitable for corn production it rvas shown that the siurple growing

degree-day calculation was not sufficient to delineate areas aclequately.

Brorvn (f964) introduced the corn heat unit concept as a mathematical

formula to calculaËe an accumulat.ed heaË expression to help classify

areas Ëhat have the climatic potential to gror.r corn successfully to rna-

turiËy.

Tite underlying concept of the corn heat unit calculation is essen-

tially Ehe sarne as for the grorving degree-day determination, that is,

Ëhe rate of plant growÈh is assumed to íncrease with increasing tempera-

Ëure. .Ihe corn heat uníË attempÈs to overcoïne some of the disadvantages

of the sirnple degree-day systen by incorporating tr\'o restricEions: i)

it assurnes no gror.rth takes place at day temperatures beloru 10 C and at
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night temperatures below 4.4 C; and ii) it assumes that Ëhe rate of

planË gror.vth increases r¿ith increasing temperature up to 30 C and subse-

quently decreases at temperatures above rhís. Corn heat units are accu-

mulated over the period frorn l{,ay 15 to the first daLe of occurrence of a

fa1l frost of. -2.2 C or lorver (Shaykewich, L974). Daily corn heat units

are rnathernatically calculated using the following empirical formula:

ClfU = i3.3[maxr(i) ]-. 084[maxr(i)-10) 12 +t. 8[roinr(í)-4 .4]] /z

where i includes all the days between May 15 and the first -2.2C frost

in autumn. This quadratic equation considers daytirne and nightime temp-

eratures separately. The daytime portion uses 10 C as the base tempera-

ture necessary for groivth and 30 C as Ëhe optimum temperature. The

nightiine contribution to growth uses 4.4 C as the base temperature.

Ideal Ëhermal conditions for grolüt.h and development of corn range from

day ternperatures of. 24 - 29 C and cool night time tenperaËures ranging

dolun to 14 C. (Nanitoba Corn Committee, 1978:5). Silage corn requires

an accuinulation of 2000-2100 corn heat units to successfully produce

high qualíty silage. l"lany of the grain corn hybrids grown ín I'lanitoba

require 2200-2300 corn heat units (e.g.: llorden 88 & Stewart-s 2300).

Ot.hers require approximately 2600 corn heat uniËs to successfully mature

(e.g.:Ui1106). In addilion, corn requires a Ìrigher heat requirement in

the sprÍng to geruinat.e than smaller cereal crops and thus can generally

escape danage from late spring frosts. However it is extremely suscep-

tible to early fa11 frosts. Thus careful scheduling of the gronEh of

corn is essential to insure successful productíon
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4.4.3 Bio Photo Thermal uníts (A Biometeororogical Tirne scale)

i{ecently, significant advances in t}re derivation of agroclimatic ex-

pressions of heaË accumulations and Èheir relaEion to plant grorvth and

developrnent have been rnade. iìobertson (f968) introduced the concept of

a biometeorological time scale for crop developnent using daily Eempera-

ture and photoperiod. Associated with each of these variables are

threshold and optimum values rvhich vary for each developmental stage in

a plant-s life. The superiority of this technique as compared to preví-

ous concepts, is that: i) it recognizes the fact that the response of

crop development. to ternperature is not linear; it recognÍzes the three

cardinal temperatures, rhat is, Ëhe upper and lorver critical threshold

values ¡ âs well as an opÈimum value rvith respect to plant response to

bot.h teraperat.ure and photoperiod, Íi) it. considers plant response to day

and uighË tirire temperatures separately, iíi) it recognizes thaË the c1i-

matic requirements of plants vary t,hroughout the different stages of

plant developmenË and integrates the influence of the three clirnatic

facËors over short phenologícal periods which possess relatively uniform

physiological processes; aird 1v) it uses daily temperature anr.l photoper-

íod values, so that actual meËeorological condiËions experienced by

plants are used in the model and not average nonthly values (RoberËson,

1968).

The mat.hematical expression ultiroately derived was:

dll/dT = [ {al(L-aO)+a2(L-a0)2} {¡r(rr-¡0)+b2(Tl-bO)2

+b3 (12-b0 )+b4 (r2-b0 ) 
2 Ì l

L - daily photoperiod

Tl - daily maxirnum teaperature

T2 - daily mininum Ë.emperat.ure
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a0raI ,a2rls),bl ,b2rb3rb4 - coef f icients

dti/clÎ - daily rate of developrnent

The biometeorological time scale developed is a conEinuous scale since

it is calculated on a daily basis froni rveather data. Each day's con-

tríbution to final rnaturity is determined and summed from the period

wÌren the crop is planted til1 the day of final maturíty. As Ehe plant

develops, the thermal and photoperiocl requirements ehange Ëhus the coef-

ficients withín the equation change as the planË matures. The model

recognizes five developmental stages for the period of growth fron

planting to maturity: planting (P) Ëo crop emergence (E) to jointing

(J) to headíng (l'l) Ëo soft dough stage (S) ro ripe (R).

Table 2,

TAtsLE 2

Biometeorological Development stages

i3iological TÍme Biometeorologicatr Tirne
Planting 0
Emergence I
Jointing 2
iteading 3
Soft dough 4
i{ipe 5

(lìobertson, f968: 20).

À11 coefficients in the model were determined by an iteraËive regression

technique which provided the best relationship for the rate of develop-

ment of the crop as influenced by maxirnum and mínÍmurn temperat.ure and

phot,operíod. These coefficients r{ere then used to derive characteristic

response curves for each of the environmental factors, thaË is, to de-



terrnine the three

croP.
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cardinal values for each stage of development of the

For the first stage (P - Ìr) there r^las no response Ëo photoperiod

since the crop had noE yet energed, thus daylength cannot affecË plant

development. The response to both maximum and mininum temperatures r¡/as

curvílinear wiËh a lover threshold of.44.4 F and an upper limit of 95 f'.

In the E - J stage, there r¡/as a sËrong linear response to phoÈoperiod

above a threshold value of 8.4 hours. There was also a weak curvilinear

response to minimum temperaËure, with a lower threshold of 23.6 F, an

optimurn of 65 F and an upper threshold of. 92 F. In the nexÈ stage of

development, J - I{, Ëhere \^/as a r¡eaker curvilinear response to photoper-

iod with a threshold of 10.9 hours and an optimum of 19 hours. It was

also determined that in Canada as far as the raËe of development, rvheat

can benefiÈ fron high temperatures as there r^/as no indication of a de-

creasirrg response as temperatures increased as high as 90 - 100 ¡-. This

i^/as true for all succeeding stages gf development a1 so. The l{ - S stage

showed a continuing decrease in response to daylengÈh, r'¡ith a threshold

of 10.9 h.ours and an optimuur of. 20.0 hours. The minimum temperature

threshold was 42.2 F. In t.he final stage of development S - R Èhere was

a negatíve response to phot.operiod. According to Robertson this nega-

Ëive response of rate of development to daylength could reflect a slorn¡-

ing of the act.ive growth resulting in an increasing rÍpening rate. The

mini¡num E,eûrperature uias lower t.han t.he previous stage at 37.67 E. The

coefficients established for each of the various stages of development

are as shown in Table 3
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TABLE 3

Coefficient.s used in each Phenological Stage

P-iI
a0 0. 0ll0
al 0.Oii0
a2 0. 0li0
b0 44.3780
bl 1.086E-2
b2 -2.238-4
b3 9.132:E-3
b4 -2.267r,-4

g-J
8.41380
1.00580
0. 01r 0
23.6480
-3.512E-3
5. O26E -5
3. 6668-4
-4.2828-6

(Robertson,

J-II
10.9380
9.2568-L
-6.025E-r
42.6580
2.9588-4
0.080
3.9438-4
0. oil0

1968:21I) .

i.t-s
1 0. 94E0
l. 389E0
-8.1918-2
42.18E0
2.4s88-4
0.0E0
3. 1098-5
0. 080

S-R
24.38Ê,O
-1. r40E0
0. 0E0
37 .6780
6.7 338-5
0.080
3.4428-4
0. 0E0

4.5 SOIL },IOISTURE CONSIDERATIONS

"t'JhÍle temperaÈure limits the broad distribution of crops, it is pre-

cipiÈation and ín particular the soíl moisture balance that subjects ag-

riculture to more localized conÈrols." (Sirnpson-LervÍs et aI, 1979:11).

Al¡lost every process occurring in plants is affected by \^rater availabil-

Íty, but t.he interrelat.ions are extremely complex. Climate influences

water requirenents of plants maín1y through the amount of and distribu-

tion of precipitation and through Ëhe amount of potential evapotranspi-

rat.ion that can Eake place at a given location.

In much of the Canadian Prairies precipitation is greatest in sumner

and least in winter thus nearly paralleling the seasonal moísture needs

of agricultural crops. Unfortunately, the variability associated with

this seasonal precipitation is extremely high for much of Southern l'lani-

tol¡a. This natural variability associated rvith the spatial and temporal

distribut.ion of precipitation has far-reaching consequences on agricul-

tural production.
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Raiufall alone is not a sufficíent condiËion to judge the water bal-

ance available for useful consumption by crops. Anot.her component of

cliniate equally as iruportant as preci-pitatíon r,¡itl"r respect to planË

groivth is potenËial evapotranspiration or the evaporative demand of the

atmosphere. This loss of vtater through evapotranspiration is also a

fundarnenËal cliraatic factor necessary for a Èhorough analysis of moís-

Èure conditions encountered by growing plants. ìlvapotranspiration rep-

resents the combíned rvater loss through evaporation from soil surfaces

and transpiration from acËive1y growing plants. A disËinction must be

made between actual and potential evapotranspiration. Potential evapo-

transpiration (PE) is a process compleËely a functíon of climate and can

be defined as

the amount of water which will be
surface or one cornpletely covered
is aburrdanË rnoisture in t.he soil
and flather , 1954:4) .

Iost from an exËensive water
with vegeËat.íon r¿here there
at all tii:nes (Thornthwaite

Actual evapotranspíration (AE) is the actual amount of r.¡ater lost Èo the

atraosphere and is a function of several factors: i) clirnatic factors

such as net radiaËion, wincl velocity, humi<lity, temperature,

(i.e.:poÈenËia1 evapotranspiration), ii) soil type and the acËual amount

of rnoisture in the ground, iiÍ) type of vegeÈation, its sËage of devel-

opmenË and its depth of rooting; and iv) land manageaent and cultivation

practices.

As mentioned previously, several empirical approaches have been used

to determine potential evapotranspiration values (Thornthwaite, 1948;

Pennan, 1956; Baier and Robert.son, f965). PoËential evapotranspiraÈion

in this study ivas calculated using the ernpirical expression derived by

Baier and Robertson (1956) due to its use of rea,lily available climatic
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data ancl its relative accuracy in comparsion with any of the other ap-

proaches. The original equation established t.o estiurate values of po-

tential evapotranspiration contained sone ten clinatíc/astronomical

variables. Although more physically sound than the simplified version

usecl in this research iL was deerned impossible to use in a study the

magniËude of the one underËaken here. Use of the original equation

r¿ou1d not Ìrave permiËted Ëhe extended spatial and temporal sett.ing af-

forded this study. The forrnula t.o calculate potentíal evapotranspira-

tion used in this study is as foLlows:

Pli(i) = 25.4 * .0034 {.928 * IÍAXT(i) + .933 * (Ì'{AXT(i) - r,fINT(í))

+ . ù4åJ6 'å' Q(i,ilar ) - 87.03Ì.

i = day number from January lst..

l'lAXT(í) = maximum temperature (F) for day number(i)

Þlll'if(i) = miniuium temperature (F) for day number(i)

Q(i,ilaÈ) = radiaËion received at the top of the atnosphere in ly.

ilat = laËitude c1ass.

PE(i) = potential evapotranspiration (mrn)

Tirese values of potentíal evapoËranspiration represent the maxirnum \,iater

loss from a vegetated surface, supplied at all times with an adequate

moisture supply. l'lhen moisture is lirnited the actual amount of r¿aLer

lost to ËIte atmosphere is less than the potential amount. Values of ac-

tual evapotranspirat.ion represent the actual loss of water. The amounÈ

of water use varies with the stage of developnient of the crop. Early in

the season, at the sEarL of the soil moisture budgeting, the loss ís by

evaporation from a bare soil. As crop cover increases transpiraÈion ire-

coltes Èhe dorninanË factor. Actual evapotranspiration amounts are deter-
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mined mathernatically by multiplying the pot.ential evapotranspiration

amount occurring on that day by a consumptive use factor (CU). This cu

factor is Ëhe ratio of AE:PE as determined by i:lant type, its stage of

development and the anount of ground cover or ËoËal l_eaf area.

Consumptive use coefficients (CU) reflect the amount of water ex-

tracte<l by the plant during Èhe grorving season as a functíon of poten-

tial evapotranspiration. t'later use by pranEs is dependenË on the type

of crop and its stage of dåvelopmenË. The effects of plant type on rüa-

ter requirements are: i) the length of growíng season for the crop; and

ii) the degree to which the plant foliage covers the surface of the

soil' The consumptive use coefficients change as the growing seasorr

progresses according to various phenological stages of development. As

plants progress t.orvards maturÍÈy Ëhere exists critical tines when r+ater

use by plants is aÈ iËs maxirnum. It is duríng these periocls that r¿a¡er

stress can cause its most serious economic considerations by reducíng

grain yields and/or quality. These CU factors are best describecl ac-

cordíng to a crop developnent calendar as opposed Ëo a calend.ar year,

since crop gro\^iËh stages do not occur on the same date each year. Thus

to accuraËely portray the changing water consurnption patterns by crops

as they mature, soil moisËure budgeting was carrÍed. ouÈ under three dif-

ferent crop Srowth u¡odels Ëo simulate the time of occurrence of the var-

ious phenological stages of the crops uncler analysis. The varíous CU

factors specific to each crop under investigation will be ¿iscussed in

t,urn.

hlhile precipitation represents the moisËure necessary for plant

grovrth and evapotranspirat.ion represents the rnrater losÈ from plants,
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supply of moisture that is readíly

\À7ater held in tÌre soil and available

moisture conditíons encountered by

4.6 SOIL MOISTURE

Tl-re soil oceupied by plant roots is the most important source of r+a-

Ëer for the crop. Soils have the ability to store precipitation r¿hich

can be used by plant.s for growth and development. 0f the total amount

of water presenÈ in the soil at a given time, only a portion of it is

readily available for plant. use. The upper liinit of soil water availa-

ble to plants is known as fiel<i capacity, while the lower limit of

avaílai¡1e soÍ1 rvater is referred to as the permanent wilting percentage.

ïhe auount of water held between these two limits is known as the planË

available kiater. Soils vary in their plant available \r7aÈer holding ca-

pacities. The anounE of r,Jater retained by the soil and available for

plant use ís primarily determined by soil type. Soil texture, strucÈure

an<l amounË of organic matter are the principal factors which determine

the plant available l4later holding capacity of the soíl.

Soil texture ís the primary controlling factor and can be defined as

the size of the soil partÍcles and indicat.es the degree of coarseness of

the mineral naterial. Coarser soils, such as fine gravels ancl sands,

are co¡rducive Eo percolation of krater dor¡n to very 1ow soil depths.

Their pore size distribution is such that they cannot retain as much r+a-

ter in the upper layers necessary for plant growth, as can the finer

Èextured clay and loain soils. Soils with higll percentages of sand have
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an available water storage capaciËy uruch less than that of loam or clay

soi1s. Thus in order to maintain adequate soil moisture levels neces-

sary for plan! gro\Àtth, sandy soils require rain or irrigation !/ater more

frequently tÏìan clay or loam soj-ls to rnaintain the same 1evel.

Since soil textures within the southern portion of Ì'ÍaniËoba range

frorn very coarse sands to fine clays, there exists a high d.egree of var-

iation wiEhin the rvater holding capacities of the agricultural soils of

the province. .Io accurately portray moisture conditions encounterecl by

various crops, account of varying soil texËures must be taken into con-

sideration. 1o calculaËe daily plant growth and daily soil moisture

levels, the various \./ater holding capacities of the different soils en-

countered r^/ere considerecl . Each weather station used in the cleve]opment.

of the agroclirnatic database was classífied ínËo one of four soíl tex-

tural classes, âs determined from Soil Survey Maps. Statíons v/ere as-

signed inEo a soil textural class by placíng them int.o the class to

rvhich rirost of the soils surrounding t.he weather statíon belonged to.

The Ëextural classes used and their assigned rrrater holding capacities

are as given in Table 4

TABLE 4

Available lrlater ttolding Capacity (AI^IC) of Soils

Textural Class
Coarse texËured (S,LS)
l"Ioderately coarse (LVFS, SL)
I'fedium texture (VFSL,L, SiL,Si)
i'ioderately f ine (CL, SCL, SiCL)
Fine Ëextured (SC,SiC,C)

A.Id.C. (rnr)
70 mrn

B0 mrn

100 mur

110 mm

100 mm

(Shaykewich, f980).
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Tirese available !'iat.er holding capacity values assigned to each soil tex-

Ëure are derived for a 90 cro (3 ft.) depth of soil and. are modified by

using a value or. L/2 of the avairable \,¡ater as causíng no stress for

plants. The water holding capacities assigned to the soils wíthin rhe

area of each r¿eather station can be found in Appenclix A.

4.6.L Soil Moisrure Budgering

The study of soil rnoisture can characterize plant growth in relation to

clirnate bet.ter than any single clinatic parameter. Because records of

measured soí1 moi.sture content.s suitable for statistical analysis are

limited aÈtempts have been made Ëo estimaÈe soil rnoisture froin climatíc

data. l'let.eorological soil rnoisture budgeting techniques, in which po-

Ëential evapoËranspiration is modified accortling to crop type, soí1 type

and the plant avaílable v/ater capacity, can be used. to estimate actual

soil rnoi-sture arrÌounts from simple climatic data. A daily soil moisture

budgeting technique rvas used in this study Eo deËerníne actual soil

moisÈure conditions encounËered by growing planÈs. In a meteorological

soil budgeÈing approach, the actual moisture amount in the soil is re-

garded as t.he balance beÈween that incoming as a result of precipitation

ancl that which is lost through evapoËranspiration.

Soí1 uroisture budgeting commenced on t'lay 1, of each year und.er analy-

si-s, with the 1eve1 of soil noisture assumecl to be at field capacity for

the specific soil type (Princíples and PracÈises of Commercial Farming,

L977257)- The calculation is begun on l,fay l assuming there are 100 mm

of readily available water in the soil on that. date. I'fost soils have an

available water capacÍty of about 200 mi¡ in a soil depth of 90 cm. rt
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is considered lhat about half of this, I00 mm, is easily available, tÌrat

is, decreasing soil rnoj-sture rsithin Ëhis range has no detrimental effect

on plant growE.h. Once the firsf 100 mm is used, the rate of plant

growËh decreases. The crop is then considered t.o be in a stress siËua-

tion, and soil moisture amounts take on negaËive values, that ís, a soil

moisture deficít occurs. For each day tí1l Èhe plant reached maturíty,

the soil iiroisture amounË r¿as calculaËed as the amount of rvater in the

soil on the previous day plus any preci-pitatíon occurring on that day

minus the arnount of water lost through evapotranspiration.

Soil rnoisture(i) = soil moisture(i-l) * precipitation(i) - actual evapo-

transpiration(i)

If on any day precipitation exceeds AE, the r¡¡ater balance of the soil

can increase up lo field capacity. Any excess qrater was considerecl as

lost by runoff or deep percolat.ion and was not included in the daily

ealculation. This soil moisture analysís was carried ouË under three

different crops each of which will be discussed separately in turn.

4.6.L.I Soil Moisture Analysís under a Wheat Crop

Since observed phenological data are scarce, and the consumptive r\ra-

ter use by plants varies with the different stages of development, the

determination of actual soil r¡oisture amounts under an actively growíng

v¡heaE crop \,ras accomplished by incorporatÍng a meterological soil mois-

ture budgeting procedure \,/iËhin lì.obertson's (1968) biometerological time

scale. Soil moisture amounts were calculaËed for each of the five phe-

nological stages of planÈ development recognized by Robertson, namely

PE, EJ, Jii, i{S, and SR. The varíous consumptive use factors for each

developrnent stage studied in the analysis are as in Table 5
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TABLE 5

consurnpt.íve use Factors according Ëo stage of Development

Stage Consumptive Use
Pre-planËing .3
Emergence .3
Jointing . B
hleading 1.0
Soft dough .B
Ripe .5
After maturity .3

Consumptive use coefficients r¿ere assumed to increase or decrease

linearly from one stage of maÈurity to Ëhe next. Ttrus if the biometero-

logical tinie scale ranges from a value of 1 at emergence Ëo a value of 5

at llaturity, consumptive use factors r^rere determined as follorn¡s in Table

6

T¿\Ì]LE 6

Calculation of consumptive Use Factors

Stage
O(Bruts( I
1(Brnts (2
2(l3mts(3
3(Bmts(4
4(Bmts(5
BmEs=5
Bmts)5

Consumptive Use Factors
CU=. 3

CU=.3*.5x(Bmrs-1)
CU=. B*.2x(Bmrs-2)
CU=l. 0+{ (-. 2)x(Bmts-3) }
Cu=. B*{ (-.3)x(Bmts-4) }
CU=.5
CU=.3

The acËual amount of \^/ater used by the plant is a proporËion of the

amount of poEenÈial evapotranspiration as determine<l by tÌre consumptive

ü/ater use by plants, that is, AII = pE x cu. These consumptive use val-

ues indicaÈe that l'/ater use by a wheat crop is greatest at the heacling

to sof t dough st.ages in the plant-s grorvth cycle.
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Although \^/ater stress Ís deËrimental to plants at all stages of

development, it is mosE critical at specific times rvithin the crop's

grotath. l'loist.ure sËress affects that part of the plant which is groluing

most rapídly at the time Èhat the stress occurs. Thus the effect on the

quality and quantity (yield) of the crop depends on the time ruhen the

moisture deficit occurs. Lehane and Staple (L962) found that ruater

stress occurring at the time of treading in wheat caused the grealest de-

crease in yield. iìaier and Robertson (1968) found that a good moisture

supply during the period J - il favored high yields, and that soil mois-

ture during this period was Ëhe most highly correlated with yields.

i'iack and Ferguson (1968) concluded that 69 - 76"Á of the variabílity in

yield was due to noisture stress occurring during tire period from 5th

leaf to soft dough and thaË only 3 - 4% of the variabiliry in yield was

due Èo moisture sÈress folloraing the soft dough stage.

In t,his research soil moisture amounts were calculated yearly for

each stage of d.evelopment of i¿heat. However, only moisture amounts oc-

curring at tlìe sËages, J - ll and H - S r'rere studied in detail and in a

probabilistic perspectíve. This approach can be supported by the above

mentioned studies rvhich concluded thaE moisrure defíciency at speeific

stages within the growth of cereals are most crítica1 with respect to

final yield.

4.6.L.2 Soil MoisËure Analysis under a Corn Crop

As when aËternpt.ing to sÈudy soil moisture under a cereal crop, analy-

ses of m<¡isture condiËions under a corn crop are limited by the lack of

observed ptrenological daËa. To facilitate examination of the rnoisÈure
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stress experien.ced by actively growing corn crops, a meterological soil

noist.ure budgeting procedure \;r/as accomplished by incorporaÈing this cal-

culation in a corn developrnent rnodel. The grolvth rnoclel employe<l in this

study used accur¿ulaEed values of corn heat units as indicators of the

various phenological stages in corn develo¡:nent. Soil moisture amounts

were calculated at several stages in the crop-s development, as follorus:

at 1000 cllu, 1200 c¡iu (rhis represenrs Ëhe silkÍng stage), 1500 ct{u,

1800 CltU, 2100 CtlU and 2300 CHU (this represents fÍnal rnaruriÈy for

grain corn).

As r¡ith t¿heat' not all srages rüere studiecl r¿ith the sarne degree of

statistical intensity. The specific sensitivity of eorn to moísture

stress had to be studíed to determine Èhe crit.ical periocls in the crop-s

groleth \,i,hen stress lüas most detrimenËal . Davis and Pallesen (1950) con-

cluded tirat soil moisture status prior to sillcíng r¡/as the rnosE critíca1

factor for optimum yield. Robins and Domingo (1953) reporred that soil

rnoisEure depletion to the wilting point, for L-2 days during tasselling

reduced corn yield by 22% and that stress over a longer perÍod of time

could reduce yields by as rnucl-r as 502. l{orve and Rhoades (1955) deter-

urÍned that hTater stress prior Ëo and during anthesis d.ecreased cor¡

grain yie1d, as did a dry period from sÍlking to full maturity. Denmead

and Shaw (f960) observed that noisture stress Èo the rviltíng point prior

to sillcing reduced corn yield by 251l and that stress at the sillcing

sËage re<1uced yield by 50%. Based on the above findings, it r,ras decided

to analyse the soil moisËure stress encountered by grain corn during the

silking stage. The various consumptive use factors for the developmen-

ta1 sEages studied are as follows in Table 7
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TAI]LE 7

Consuraptive Use DeËernrination

Stage
0<c,{u<1200
1200<ci-lu<2 000
2000<cHU<2300

ConsumpEive Use
CU=. 3*( . TxCliU) /L2O0
CU=I.0
CU=1 . 0-. 00lx( CI{U-2000 )

4.6.L.3 Soil MoisÈure AnalysÍs under a Forage Crop

Àlong with sílage corn, alfalfa is another of the irnportant forage

croPs gro$/n ir¡ l'lanitoba. As wit.h corn, Èhe two climatic parameters di-

recË1y related to the successful growth of alfalfa are temperature and

rnoisture. To analyse soil moisture conditions under a forage crop it

I{as necessary Ëo derive a forage growth rnodel Ëo determine Ëhe progres-

sion towards maËurity. It v¡as found in worlc referred to by Selirio and

lJrov¿r-r (L979) that a suitable measure of heat accuilulation necessary to

nature alfalfa is the accumulation of 550 degree days above 5C (this Ís

approxírnately equivalent to 990 degree days above 4lF).

In the present study active growt.h r^/as assumed to begin some time af-

ter April 15 when the rnean daily temperalure exceeded 5C for five con-

secutive days (selirio and Bror¿n, L979). Daily soíl moisture, as in the

previous investigations, rslas determined using a daily soil moisture

budgeting t.echnique. This procedure starËed on April 15 assuming the

soil Ëo be at field capacity and a cu factor of .3. The cu factor re-

mained constant till corûmencement of acÈive growth of the forage crop,

when the CU u¡as assuned Ëo l¡e equal Ëo I.0 (i.e.:AE=PE) (I{rogman ancl

ilobbs, 1965). livapotranspiration increases with increasing leaf area,

that ís, wittr increasing percenÈage of ground cover. The ground cover
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of alfalfa varies little throughout the year and thus it was assume<l

that',vhen active growÈh began in the spring Ít r+as nith conìplete ground

cover. Thus, I^Iater use by al-faLÍ.a is essentíally equal to pE regardless

of season (i.e.:AE=PE), (Krogman and l-lobbs , Lg65). rt should be noted

thaÈ v/ater use by perennials is much greater than for annuals. rn

Southern I'lanitoba it is climaËically feasible to prod.uce tr,ro crops of

alfalfa within a single growing season. Degree days above 5C and soil

moisture amounts rvere accunulated from the date of commencement of the

firsf growth till the crop Lras assuned to be mature at 550 degree days.

A regrowth period of l0 days was allorved beËween the date of maturity,

the subsequent cuÈting and the reconmencement of growth for the seconcl

cut. Daily soil moísture budgeting continued through ËhÍs period wiËh a

CU factor increasing fror,r .5 on the first day after cut.ting to a value

of 1.0 on the day active growth recommenced. Krogrnan and llobbs (1965)

obtainecl varying nuuber of days for this regrorvth period for the various

cuÈtings so an average value of l0 days was used Ín this study. The

varÍation in the number of days was assumed t.o be the result of differ-

ences in seasonal temperature and daylength and varyíng yearly meteoro-

logícal conditions. This analysís rvas carriecl out assuming one could

successfully grow at least tr'io crops of alfalfa. It is unlikely that in

lianitoba three crops of alfalfa can safely be grorun to maturity as índi-

cated possible for oËher parts of Canada, namely in Alberta (Krogman and

Hoblrs, L965) and sourhern Ontario (Selirio and Brorvn , LgTg). The har-

vesting of a thírd crop of alfalfa rvould leave the crop vulnerable to

winterkill over Ehe harsh rvinters experíencecl in Þlanítoba. Soil mois-

ture anounts at the end of each cutting r+ere the parameters that were
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encount.ered by a forage cropselecËed Ëo assess Ehe

urrder i'Íanitoba climatic

riroisture conditi-ons

conditions.



Chapter V

RESULTS OF THE PROBABILITY ANALYSIS A¡ID DISCUSSION

This section represents the resulËs of the seconcl major object.ive of

this research, that is, the probability analysis of the derived agrocli-

roatic data base. As r'rell as the main findings, this chapter will in-

clude a brief discussion of lhe interpreËation of these resul¡s rvith re-

spect to their usage in agricultural planning.

The statístical nature of this section of the thesis results in a

large amount of quantitative numeric resulËs. Presentation of these re-

sults are best accomplished t.hrough the use of figures which can sho¡¡

Ëhe uragnitu<le of the values Ëhat each of the agroclimatic parameters can

assume, that is, a quantiËative assessment of SouËhern i,Ianitoba-s cli-

ilatic resource base for agricultural production. A complete listing of

all inaps deríved in Ehis analysis and not included in the body of the

thesis can be found in Appendix c. To spaËia11y display this area-s

agroclimatic resource base a computer mapping technique (SYÞ{AP) was uti-

lized.

SYI'ÍAP (Syngraptric }fapping Systern) was iniËially developed for use in

analyzing spatial data. This research utilízed the contour SYI'{AP to

spatially display the results obtained. A contour map consists of con-

tour lines whicir connect all locations on the map having the same data

value. The colìtour lines shorrrn on the map are for specified values and

these values are assuÍted to vary smoothly over the interval between any

-63-
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Èwo adjacent contour lines forming a continuous surfaee. Data is dis-

played by interpolaËing a conEinuous surface in areas where there are no

data points. These values are theri based on ttre distance to and the

value of the neighbouring data points. For this study the locations of

the meteorological sËat.ions represented the data points and the values

ûIere t.hose numbers associaEed with each of. the agroclin¡aÈíc parameters

sËudied. For the base map used, a point distribution coefficient v,ras

calculated to measure the reliabiliÈy of the interpolation based on the

spatial distril¡ution of the data points. This coefficient is used to

determine whether the distribuEion of the points are well dispersed or

too clustered for -meaningful carËographic data porËrayaL' (Dougenik and

Slreehan, L975). The coefficíent is deterrnined using Ëhe nearest neigh-

l¡our method and is calculated as the ratio betr.reen the mean distance be-

tvleen the poínts of the acLual distribution and lhe expecËed randorn dis-

tibution. This coefficient ranges frorn a value of 0 to 2.L5, where the

higher the value the more represenËative the distribution is of the pop-

ulation. The coefficient of distribution can be seen in Table B

TABLE B

Point Distribution Coefficients

The point distribucion

points utilized in thj-s

Coef ficient
0.00 - 0.90
0.90 - r.25
L.26 - 2.L5

(Dougenik and Sheehan, L975:27)

coefficient obtained from the distribution

study was L.28. Thus overall interpolaEion

Distribution Type
Clustered to random
Random
I{andorn to uniform

of

of
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reliable except in sorne parts of thet.he surface can

nap.

be assuned to be

5.1 FROST Ah]ALYSIS

Frost and its occurreûce at various times rsithin a yeat can have serious

economic irnplications rnrith respect Ëo agriculËural procluction. The oc-

currence of frost is of particular inportance during two periods of

Eine, in the spring (as defined frorn January r - June 30) and. Ín the

fal1 (as defined from July I - Decernber 31). The date of occurrence of

the last frost in spring can facilitate Ëhe sched.uling of seeding to

correspond to Ë.intes rvhen Ëhe risk of frost damaging young plants is min-

inal. Ttre date of occurrence of frost ín Ehe fal1 índicates the fína1

date on which prant gror,rth can occur. The period. between these two

dates, that is, the frost-free period, represents the tot.al tirne availa-

ble for irlant growth and development.

The frosc parameters studied are of two Êypes; i) those concernecl

rvith the occurrence of a 0C frost; and ii) those concerned wiÈh Èhe oc-

currence of a frost of -2.2C (as well as the subsequent frost-free peri-

ods resurting frorn the above temperatures, respectively). Average val-

ues rüere det.ermined for all parameËersr âs well as the 25% and lOii rísk

values associat.ed vrith each of Èhem. In analysing tfre occurrence of

spring frosÈs the probabÍtitíes calculaËed represent the % chance of Èhe

last spring frosË occurríng after a speeífied date. In Lhe analysis of

fall frosts the probabilites calculated represent ilne % chance of the

first fa1l frost occurring before the specified date. An average value

for the resulting frosÈ-free períod represents the minímum length of the
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period that one can expect. in one-half of Ehe total years under consid-

eratÍon. The probabiliÈes calculated represent tlne "/" chance of receiv-

ing a shorter frost-free period than that indicated.

'r.rlhen analysing the occurrence of frost it must be kept in mind that.

these occurrences are affected by a variety of phenornena, both natural

and mannade:

presence of large l¡odies of v¡at.er - the presence of lakes or

large rivers have a loca1 effecÈ in modifying Èheir Ímmediate vi-

cinity. tr/ater has the natural property of heating more slorvly

than land and cooling less quickly. In spring the presence of

large bodies of wat.er tends to retard the advance of spring heat-

ing thus resulËing in later occurrences of spring frosts. In

fall the change in temperature of rvater as conrparecl to land j-s

slowe<l resulËing in forestalling the occurrence of fall frosts,

thereby extending the frost-free period. l.Jater also has ttre ad-

ditional ability Lo absorb and store radiant energy duríng the

day and release iË aE night so as

the surrounding area.

Ëo reduce the risk of frost in

2. topography (local relief) - the topography in the immediate vi-

cinËy of the recording station can affect the daÈes of occurrence

of frosts. As an example, a station locaËed at the bottom of a

valley is highly subject to frosts since cold air formed on the

slopes will flow downwards and gaËher in pockets, known as frost

holloi¡s.

altitude - areas at higher elevations tend to be subject to da¡n-

agíng frosts both in the spring and fall. Air is eooled as it

1.

3.
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rises, thus areas at higher elevations tencl to receive shorter

frost-free periods by having later spring frosts ancl earlier fal1

frosts.

rnoisture of the soil - as j-n open r^/ater bodies, vüater in the soil

has the ability to store heat during the day ancl release it at

night, thus lessening the risk of frost on rnoist soils.

5. ht{nan habitation - changing natural surfaces to materials such as

concrete and asphalt, can affecË clirnatic events such as the oc-

currence of frosts. These materials tend to absorb more heaE in

the day, than rrat.ural surfaces of soil or vegetatíon, and release

it at night Ëhus delaying the occurrence of frost (usually in Ëhe

fa1l) of a severity great enough to cause darnage to plants. The

rapid removal of snow and precipitaÈíon in the spring tends Ëo

cause the lasË spring frost to occur earlier, since more raclía-

tion is usecl ín heating the air as opposed to evaporating the

moisture in r+rhaE.ever form.

Bearing in mind the impact of these conÈrols, each of the analyses u1-

dertaken on each frost parameËer will be d.iscussed separately, their

physical interpret.ation as well as their spatial clistribution.

5.1.1 Lasr Spring

The first parameter

spring frost of 0C.

currence of the last

ly date of l"lay 15 at

i'Íoosehorn. It must

Frosts

studied involves the date of occurrence of the last

Across the total st.udy area the average date of oc-

frost ís ilay 26. Average values range from an ear-

Portage la Prairie to the laËest daLe of June 6 at

be remembered ttrat Ëhe earliest date in Èhis case
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The dates of occurrence of

these frosts are relatively constant Ëhroughout the province r.rith a

sE.andard deviation of orrJ-y 2 days. The stairdard deviation associated

wiËh tire occurrence of the last spring frost at a particular station is

also relatively constanÈ Ehroughout at 12 days.

As a generalized overview, frosts occur later as one progresses

nortlì\rard. An exception is the southeast section of the province r'rhích

is extremely subject to late spring frosts. The south central region,

that is, the area west from Steinbach past Portage la PrairÍe is the

most favored area r'rith the advantage of having last spring frosts before

the rest, of the province. The average date of occurrence r¿ithin ín this

area fa1ls in the 5 day interval between I'lay 2O - l.lay 25 (Figure 3).

Small anamolj.es are evident within the province which do not fit into

Èhe general pattern. For example, Brandon is subject Ëo late spring

frosËs. This might possibly be explained by Ëhe location of Ëhe record-

ing instrumenË j-n a lorv-lying area of the province.

the same general pattern of daËes of occurrence is reflected in the

25i( and 102 risk nÌaps. The area around the l,Ianitoba escarpnent stands

out as the area subject to a high degree of variatÍon in the dates of

occurrence. In 5 out of 10 years this area can expect to have the last

frost occurring betr,'reen lfay 25 - I,lay 30, but in I out of 4 years it can

be expected üo occur after June 4, while in I out of 10 years the frost

can be expeeted after June 9. The l0Z risk map indicates that even the

mosË favored areas wíthin the province can in 1 out of 10 years expect

to have frost occurring sonetine after the beginning of June (Figure 4).
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Fígure 3: Average Date of occurrence of the Last spring Frost (0 c).
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Figure 4: Dates after which the Risk of
Frost of 0 C has been reduced

of the Last SpringOccurrence
to 107..
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Tlre average daÈe of occurreirce of the last spring frost of. -2.2C through

out tlre study area is Ìs!.ay L4, and as lúas the case in rhe occurrence of a

0C frost, Ëhe variability throughout the province is relatively smal1 at

4 days (Figure 5). I'luch the same general patt.ern is reflected in the

maps of the -2.2c frosts as in the maps for the 0c frosts. The area

west of Ëhe Escarpnent aud the south-east tip of the province remain the

areas most suscePtible. Portage la Prairie and the Red River Valley en-

joy early spring frosts as compared Ëo Ëhe rest of the province.
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Flgure 5: Average DaÈe of occurrence of rhe Last spring Frost Gz.z ü.
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5.L.2 FirsË Fall FrosËs

Ttre date of occurrence of the first frost in fall indicates the end of

Ehe period of t,ine favorable for crop growth. rrr the case of this pa-

raneter the latest dates are Ëhe most favorable. As when considering

Ehe dates of occurrence of the last spring frost, the occurrence of lhe

first fall frost is relatively constant through out. the southern portion

of l'lanitoba. The average date of occurrence is September 16 and ranges

from t,ire earliest date of Àugust 31 to the latest date of September 30.

The rnaps (Figure 6) indicate that on the average those areas susceptible

t.o late spring frosts also risk having early fal1 frosts. The souÈh

central area of the province is favored not only by early spring frosts

but also with fall frosts occurring later in the year, thus exEen<ling

the growing season.

The average date of occurrence of Èhe first fall frost of -2.2c is

SepteLnber 27, ranging frorn areas subject to early frosts occurring on

Septernber I0 to Ëhose regions rvhere the first fall does not occur till

October lÜ. The same general patÈern is reflected in all rnaps denoting

the occurrence of frost.s. The 257" and 102 maps are spatially símÍlar

except for the gradient of change evídent in certain areas of the prov-

ince. Areas around the I'ianítoba escarpment and in the south east sec-

tion have Ìrigher variabilities in theír dates of occurrence of the 0C

frosts than for the -2.2c frosËs. Thus, the probability of receiving a

fal1 frost earlier tl-ran indicated on the maps is higher for these par-

ticular areas.
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Figure 6: Average Date of occurrence of the FirsÈ Fall Frost (0 c).
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5.L.2.1 Frost Free Periods

'Ihe length of the frost free period is a result of the tirning of the

lasE frost in spring and the first frost in auËunn. The resultant peri-

od is a reflectj-on of the combined spatial patterns of the rna¡rs depict-

ing Èhe dates of occurrence of the spríng and fall frosts. Those areas

with early spring frost. and late fall frosÈs have a longer frost free

period Ehan oEher areas.

The average length of the frost free period above 0C is 113 days,

rangi.ng fro¡n a period as shorË as 88 days at Sprague to a length of 130

days at Portage la Prairie (Figure 7).

The frost free period above -2.2C is considerably longer than that

observed for the season above 0C. The provincial average length of this

period is 137 <lays ranging from a short season of 115 days to favorably

Ionger periods sucli as 154 days (Figure B).

The probabiliey analysis of the frost free period above 0C and -2.2C

shorvs the extrerrte variabliËy associated rvith these t\^7o climatic parame-

ters. This ís especially pronounced Ín the 257" and LA7" risk rnaps whích

indicate the chance of receiving a shorter frost free períod aË a par-

ticular probability level. South llastern I'fanitoba and the area r¡est of

the Escarpment have shorter frost free periods than most other regions

in the study atea. Particularily noteworthy is the fact that the 102

risk nap sho\{s that in 1 out of 10 years only a very narro\47 strip of

Southern Ì,ianitoba has a frost free period above 0C of 100 days or longer

(l'igure 9). Ihe 100 day contour line represents the average number of

days needed to successfully mature \,Iheat and other cereals.
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Figure 7: Average Length of the Frost-Free Period above 0 C.
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Ffgure 8: Average Length of the Frost-Free períod ¿bove -z.z c.
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Figure 9: LengÈh of the Frost-Free Period above 0 c at a rV/. risk.
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5.2 HEAT ACCUI'IULATIOh]S

Expressions of the accumulated temperatures received during the grorv-

íng season are more valuable as indicators of the suitability of specif-

ic areas for plant growth than mere examinat,ion of the frost free peri-

ods. l'lany locations wit.h sufficient lengths of frost free periods are

unable to srlccessfully mature crops due Èo the low intensity of heat re-

ceived during Ëhe gror.rth period. Gror'ring degree days and corn heat

units are the two mosË widely used expressions to det.ermine those areas

which have adequaË.e accumulate<l temperatures during the growíng season

for successful crop production. Grorving degree days are generally used

to assess the suitability of an area for cereal crop production whíle

corn heat units are used to deEerrnine those regions climatically suita-

ble for comrnercial corn producËion. The differing base teraperatures

used in t.he formulas, irrdicate the higher heat requirement of corn over

smaller cereals. A value of 2300 corn heat units represents Èl're accept-

ed sËandard number of accumulated heat units requíred to successfully

mature grain corn and 2100 units are necessary to grorü silage corn. A

minimurn value of approximat.ely 1200 degree days above 5 C is needed to

successfully raature cereal grains such as spring wheat, durum, barley

and oats.

The maps of corn heat uníts and growing degree days are similar in

Ëheir spaEía1 distribution. The map of corn heat units shorvs that on

the average, silage corn can be grown almosË anyrühere in the southern

tralf of the provirice except in the area around the escarpment (Figure

f0). The high variability associated rvith Ëhis parameter indicates thaË
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in I out of 10 years even the most favorable areas for grain and/or si-

lage corn run the rislc of receiving less than 2300 corn heat units. The

provincial average accumulation of corn Ìreat uniËs is approxirnately

2350, but. the average st.anclard deviation at any station is in the orcler

of 20ü heat uniËs (Figure 11).

The rnap of accurnulated growing degree days (Figure 12) shorvs that

most places within the province are clfinatically suited for cereal pro-

duction. I'lost areas in the southern half of the province shoÍ/ accurlu-

lated degree day values above Lzoo, ranging from a low of 1393 at Rus-

sell ín northrvestern i'Íanitoba to a high of. 1749 at },torden in the south

cenÈral region. It must l¡e kept in mind that this parameter lüas accuinu-

lated over the entire period tlay I Ëo Septenber 30 whereas killing

frosts uiay occur sporadically before this ending date ancl prevent the

crop frorn ruaturing successfully.
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Figure 10: Average Accumulated Number of Corn Heat Units.
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Figure 11: Minimum Accumulation of corn l{eat units aE a IVL Risk.
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Figure 12: Average Accumulated Number of Growing Degree Days.
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5.3 I'IOISTURE AI,IALYSIS

^uxaLnination of thermal coirditions a1one, within the province is in-

sufficient. to fully describe the suitabiliÈy of an area for agricultural

production. Consideration must. also be given t,o the analysis of mois-

ture conditions. As previously mentioned, soil rnoisture consumption

represents a complex int.eraction beËü/een a variety of climatic and phys-

ical facLors such as teüìperature, precipitaËion, humidity, rvind, vapor

pressure, the plant avairable water holding capacity of the soíl, the

specific type of crop and its stage of development. Soil moisture

sl,ress can greaËly affect the yield and quality of the grains and/or

crops gro\¡7n. As previously established, there exists critical perío{s

during the growth of each of the Ëhree crops under analysis in which

tuoisture stress has its greatest influence.

As evidenced by exanining t.he average values of soil moisture amounËs

at the specific stages of developmenË for the different crops, there ex-

ists sui¡st.antial variations in the a¡rount of soil moisËure throughout

the agricultural area of Sout,hern l'lanitoba. Ttrís is due to Èhe spatial

variabilÍty of preeipitation as well as the distribuÈíon of different

soil rypes/t.extures. In all cases areas in the south ú¡est corner of the

province show high soil moisÈure deficits. The driest areas are those

in¡nediately surrounding Souris, Brandon and Carberry.

In the case of rrrheat, Ehe average readily available soíl rnoísture

amounts aE the heading stage for the province, exclucling the dry souttr-

hTest corner i.s beËween 25 - 50 mnr. The south \nrest area averages o - 25

rnrl of soil Irroisl-ure. This indicates that on the average most of the
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proviilce does not suffer too greatly from rnoisture stress at. this stage

of ruheaË clevelopnent. The exceptions being those areas in the soutlrrvest

corner of the ¡rrovince in the regíon surrounding Carberry, Cypress Rív-

er, ilinette, souris ancl llrandon (Fígure 13). The spatial paËÈern is es-

sentially the sarne for all Èhree levels of probabítity. The only clíf-

ference is the magnitude of the defÍcits that can be expected to occur.

At the soft dough stage, the deficits are larger t.han at the previous

stage, since soil moisture defícíts are accumulated through ouË the

groùrth of the plant (Figure 14). The area sufferÍng from <larnaging mois-

ture stress evidetrt in the previous stage of development has expand.ed.

soil inoísture deficits are in the order of. 25 to 50 mm. Again the only

difference between the various maps are the rnagnitudes of the values.

Since these trüo sËages of development are the most critical r^¡ith respect

t<¡ final yield, careful assessments are needed of the moisture con-

straints orl corninercial crop production. To malnEain adequat.e noisture

for successful crop gror'rth, addiÈional water is needed to insure high

yiel<ts. AssessrnenË of irrÍgation sysLens are needed since naturally oc-

curring precipiaËion is not. sufficient to offseÈ the heavy \4rater con-

sunption by actively growing plants

soil rnoist.ure amounts at the silking stage of an actively growing

corn crop reflect the same spatial pattern as ttrose under a wheat crop.

The magniË.ude of the deficits are siiaÍ1ar t.o those experie¡ced at the

heading stage of wheat. The provincial average is 25.0 nm with the

sout.h rì/est section averaging a larger amount than the rest of the prov-

ince at 10.0 mrn (Figure 15). ¡\s is the case with wheaË, at the onset of

the inost sensitive stage to rnoisture stress in corn developnent, soil
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Figure 13: Average soil Moisture Amounts at Heading in wheat.
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Figure 14: Average Soil Moisture
Wheat.
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iìloisture levels provincially are only adequate to rnaintain average

yields. Tìre southwest section is again límited rvith respect to iËs

rnoj.sture suitabiLity for commercÍaI corn production. Corn not only has

a Ìrigirer heat requirement than cereals but also a higtrer moisture re-

quirernent, Ëhus successful corn product.ion is lí¡nited in its spa¡ial di-

tríbution through the province.

soil rnoisture analyses under a forage crop are again spatially sini-

lar. l{oi,¡ever itre magnitud.inal differences are substantial since a fot-

age crop has essentially complete ground cover during the entire growing

season and Ëherefore consumes more v,/ater than the annual grains such as

wheat and corn (Figure 16 and Figure 17).

Forage crops are the heaviest users of moisture through out Ëhe en-

tíre growing season. Since Iì/ater consurnption occurs at ¡he potential

ra!e through the entire growíng season, adequate moisture through out

this entire period is essential for successful growth. In many areas

Lhe harvesting of two crops of alfalfa would appear to be useless unless

additional moisture can be supplied to the crop.

In analysing soil rnoisture conditions under the three clifferent crops

it rvas sirown that the south vrest portion of the province Ís the area

nost subject. to severe moisture deficits at Ëhe crítical stages of plant

develo¡:ment. The 1or'¡ \^raÈer holding capacÍty of the soils in combinatíon

\^/itiì Lhe high variabilíty of surnmer precipitation renders this area a

high risk region wiËh respect to darnaging \,ùater stress on crop grorvÈh

and yield
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Figure 15: Average so11 Moísture Amounts at sílking ln corn.
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Flgure 16: Average Soil Moisture
ALfalfa.
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Figure 17: Average Soil Moisture Amounts after
A1falfa.
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Chapter VI

SUI'ß{ARY AND CONCLUSIONS

This cl-rapter represents the

includes a brief summary of

and suggestions for fut.ure

Èural cliinatology.

last rna jor section r,rÍ thin Ëhis thesis . It

tl-re research undertalcen, Íts major findings

research needed wit.hin the field of agrícul-

6.T STJMMARY

As a preliminary step in quantitatively determining the climatic re-

sources andf or potentials of Sout.hern Ì'lanitoba rvith respect to agricul-

tural production tI^ro research objectíves v/ere formulated. The first was

the derivation of a data base sufficient to describe the climate of the

study area wiÈh respecË to it-s suitability for agricultural crop pro-

duction. This involved the transformation of raw climatic data into

meaningful agroclimatic paranÌeters so as to provide inpuË into agricul-

Eural planning. The second objective was the analysis of this data base

so as Ëo prclvide a statistical perspective as to the clirnaËÍc rísks

and/or advantages of specific regions r,,riËhin the province with respect

Èo specific crop production. The increasing ínportance of agricultural

production in today-s society and the highly unstable nature of the cli-

mate of this area renders a sÈudy of this naÈure of considerable practi-

cal. stgn]-rl_cance.

-92-
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The clirnaËic dat.a base utilized in this study Íncluded records of

daily naxínunr and mirrirnurn texûperaÈures and daily precipiÈation amounts

recorded at neteorological sËatíons located rvithin t,he fourteen crop rc-

porting <listricts. The agroclirnatic daÈa base derived focused solely on

thermal and moistufe considerations. The pararûeters focusecl on three

essential climatic features: i) the occurrence of frosts in the spring

and fa11, and tire subsequent frost free periods, ií) values of heat ac-

cumulated during the grorving season; and iii) the analysis of soil nois-

ture conditions under three different crops.

The derived agroclimatic data base r¡/as then subjected to probability

analysis in order to provide some measure of the risks and advantages

associated with certain areas. For all parameters derived mean values

were calculated as well as tlne 257 and lO"/" risks values associated luith

each. These probability values indicate the probability of occurrence

of the parameter ín question in 1 out of 2 years, 1 out of 4 years and 1

out of l0 years, respecËively. In the case of the 25"/" ar,d the 102 rislcs

these in<iicate the extreme negative conditions that can be expected Ëo

occur with the above urentioned frequencies.

Based o¡'r the analyses carriecl out in this research, the Red River

Valley is Èhe area most cliuratically suitable for a wide varíety of

crops, rvith respect Ëo boËh temperature and moisture conditons. This

region has the last. spríng frost occurring earlier in Èhe year and the

fa1l frost occurring later, resulting in Ëhe longest frost free period.

AccumulaËed heat as expressed by the calculatÍon of corn heat units and

grorving degree days indicaËes that as well as having a sufficiently long

perio<l of time favorable for successful crop grorvth, this area receives

sufficient heaË for successful plant grorvth. It r,¡as also shorrrn Ëhat
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this area has a readily availabl-e soil rnoisture anount sufficíent for

good crop groiì/th and yield, but noE too large so as to cause d.amage to

the growth and yield through \,rater stress. The area around Russell and

llirt.le ín Ehe northruest region of the study area have a rnuch lower po-

tential for crop production. It is harnpered by a relatively shorter

frosL free period as rve1l as by trigh soil moisture deficiËs at critícal

stages in t.he developr,rent of various crops. The south vrestern area of

ttre province iu general has sufficienË growing season length an<l heat to

mature a l¡ide variety of crops but Ís hampered by the occurrence of high

soil- moisture deficiËs. The south eastern section on the other hand has

suffj-cienÈ moisture buÈ laclcs an adequate frost free period as well as

intensity of kreat during the gror.ring season.

The above indicaËes the general suitability of the various regions of

l'lanitoba to agriculture. To fully assess the climatic suitability of a

specific area for crop production, tl-re area must be evaluated based on

the specific Ëhermal and moisture requirements of the crop in question.

6.2 DIRECTIONS FOR FUTURE RESEARCH

The broad field of agricultural clirnaËology/meteorology requires con-

tinual, ongoing research. Almost every ffeld in agroclimatology offers

many directions for future work. Systematic analyses into the relation-

ships bet.ween crop growth and yield and selected climatic variables are

needed as more and better climat.ic and agronomic clata become available.

Itegional climatic studies are constantly needed, since the fluctuating

nature of the atraosphere necessitates current re-evaluations of the cli-

uratic resources of an area. The research undertaken in Ëhís thesís rep-
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resents the first sËep Eor¿ards a conplete assessment of the climatic

suitaL¡ility of SouËl¡ern Ì'fanitoba for agricullural crop proiluction. The

results provide the clirnaËic basis for the assessnent r¡hich must be ex-

tended to sÈudy Ëire effect of the rnagnitudinal values of these agroclí-

inatic parameters on crop growth, development and yield.

The research underËaken in this study coul-d be extended to assess the

affecE on yield caused by ttre various agroclimatic pararneters studied.

This is especially needed in the study of the influence of moisture

stress on crop yields ancl developmenE. ¡\nother area suggested by this

research is Ëhe use of climatic daEa to deËerrnine the clilnatic liinita-

tions of areas suiËable for crop cultivation. Empl'rasis on increasing

crop production ís pushing agriculËure ori Ëo lands whích are considered

marginal with respect. to their climatic suítability for grain produc-

tÍon. Agroclimatic studíes of Ëhese areas are necessary to determine

the crop types and varieties which are economíca1ly feasible rvith re-

specË to their production in these areas.

¿\s stared by Snirh ( f 975) ,

It is sufficient to say at present that agroclimatology or the
application of meteorological knorvledge Ëo questions of future
st,rategic acÈion present the greatest challenge to the applíed
scientist . (Smith , L97 5: 13) .
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Table l: Meteoroloeical Stat ions : Lat itude
Yeare of Recordins.

STATION NAME NUMBER YEARS LAT.

itude Elevation and

LONG. ELEV, (fr)
Altona
Baldur
Beause jour
Bede

Birtle
Bi ss etË

Boissevain
Brandon A

Brandon CDA

Camp Shilo

Carberry
Cypress River
Dauphin

Deerwood

Deloraine

Dugald
Emerson

Gimli A

Grass River
Graysville
Great FalIs
Hamiota
Indian Bay

Melita
Minnedosa
Moosehorn

Morden

Morris

5020040

5010140
50301_55

501 01 80

501-0240

50302 80
5030282

5020320

5010480
5 010485
5010 540
50L267 2

501_0548

5010640

504067 5
5 0406 80

50207 Z0

5010 7 60
50107 61

50208 10

502 0880

5031038
5 03 1040

5047L40

502 11 60

503 1 200

50rt240
5031320
501"r720

50117 60

5041 800

5021.848

5021_920

L949-1,97 8

1963-1,97 g

1960-L97 8

1957 -L977
1934-L97 8

1.934-L951.
1"969-L97 8

L929-r97 8

L955-197 8

7929-L97 2

1955-1,966
L967 -1,97 0

1963-197 8

L929-L97 8

L929-L94L
1.942-L97 8
1952-r97 2

L966-l-978
L955-L972
1963-197 8

L929-L97 8

1,97 2-L97 6
L944-L971,

1959-L97 8

1"929-197 8

1,929-t97 2

1931-L978
L929-L972
7937 -1959
1.929-L97 8

1931-1965
L929-197 8

L929-1,97 g

97,33 913
99 ,20 1400

96,L3 900

100,56 L450
1_01 , 01 1,7 07

95,39 946
95,4O 946

100,05 L725
99 ,57 t337
99,58 L200

99 ,39 L253
99 ,21 7263
99,05 t230

100,03 999
100,02 957

98,l_g 1110

1,00 ,24 1"7 50

96,39 900

97 ,L2 7 92

96,59 730
97,03 725

99,59 gg5

98,11 930
96,00 9L6

1,00,37 1700

95,1_2 1,072

101,00 L450
99,50 L70O

98,37 820
98,0 5 992
97,22 778

49,06
49,19
50,04
49 ,22
50,26
50,59
5L,02
49,13
49,55
49,52

49,49
49,52
49,33
51,06
51,09
49 ,24

49 ,r0
49,53
49 ,00
50 ,37
50, 3g

50,31
49 ,3L
50,29
50,11
49 ,37
49 ,20
50,16
51 , l-g

49 ,L1,
49 ,2L



TabIe I continued:

Neepawa

Ninette
Pierson
Pilot Mound

Pinawa

P. la Prairie
P. la Prairie(2)
Reston
Rivers A

Roland
Ross burn
Russell
Selkirk
Seven Sisters
Souri s

Sprague
Steinbach
Stonewall
Strathc la ir
Swan River
Virden
[.Jaskada

I,rlinnipeg

L946-L96r
19 6 3-1968
197 0-197 I
L929-197 2

1933-r97 8

7943-1,956
1958- L97 8

L929-1-950
L964-L97 8

1,946-tg7 0

L953-L97 8

L953-L97 2

1939-r97 0

1952-197 8

L957 -1,97 g

L929-1,97 g

L964-L97 8

L95r-t969
1929-L969
L929-I97 8

19 56-1,97 7

1.960-L97I
1,963-L97 8

1929 -L97 8

L929-L97 8

L929-L97 8

1938-1960
1.961.-r97 8

99,29 r273
99,39 L367

101,15 1538
98,53 L557
98,54 L557

95,55 950
96 ,03 g7 5

98,19 957

98,1_6 967

101 ,06 L52L
100,1_g 1553

98,00 975
100,48 1936
L01,t7 1850

96,53 739
96 ,01 g7 5

1_00,16 1400
95,39 L072
96,41 980
97 ,20 925

r00,24 1905

LOL,L6 1"tL5
100,56 L45L
1-00,45 1540

97 ,L4 786

5042000
5042003
5042005

5022040

501 2080

5022L20
5022L25

503 21_ 60
5032162

50r2280
50L2320

50L2400

501.2440

5022480

501 2 500

50t2520
5022630

5032640

50127 20

50227 60

50227 80

50227 88

501.27 96

s042 800

501,2960

50 r_ 3120

5023160
5023222

50,L4
49,24
49,tL
49,L2
49,L2
50,1_3
50,l-1
49,59
49,54
49,33
50,01
49,25
50,40
50,47
50,09
50,07
49,37
49,02
49 ,32
50,07
50,24
52,07
49,5r
49,02

49,54



['ab I e {s-199' "-i9.åLesf--lill¡r !g:' _ ir,__Uj)_*1 ,.f91._-/.\ssl_ânru:$ ¿r ¡rl A.¡¿ì i i ¿-rlt Le -l'J¡rtcr _llollirìg !!p;.iciLy r>t rirr: l;,;ili"l'JJt(lr ltoltlirtg (ì¿¡1¡;1¡iLy,>l tì;r_. l:,'i lg

:;,I'A']'I0N
s'ul_l!N:.NAr'1r:r litllM
Ai tona 5020040

lla I clur i;01 0l /+0

Iìrraur,cjoLrr 5030155
l]ede 5010180
ilirtle 5010240
Bi ssett 5030280

5030282
Boissevain 5020320
Brandon A 5010480
Branclon CDA 5010485
Camp Shilo 5010540

501267 2

Carberry 50f0548
Cypress Rjver 5010640
I)auphi r-r 5040675

5 0406 80

I)ee rwclocì 5 0?07 ? 0

DeI orai ne 5010760
50i 0761

Duga I <l 502081 0

IÌrnerson 5020880
Gí.rnl:'- A 50310:1tl

5031040
Grass River 5041 140

G::aysvi I 1e 502116t)

Creat Fa1ls 5031200
Hami ota , 50tI24A
India¡r Bay 5031320
Mel i ra 501 1 720

Mi.r'rnedosa 5011760
l"loosehorn 5041800
l4orden 5021848
l,lorrÍs 5021920

('lìOl' Rl'.1't)ìì
i)lsli(lrl

l'll!(ì
t'

AVA I i,A.ìlt.ti lt¡,'luR
H()f,I)I NC (IAI)A(J]'fY 0I¡
lìo i l. (MM )

100

110

100

BO

i00
100
100
'11 0

100

100

80
80

80

100

110
110

110

110
1r0
100

100

100

100

110

100

t00
110

100

100

110

Lû0

100

100

'i

).

5

i
r0

6
6

l

I
B

I
I
I
o(,ì

l1
11

2

1

1

ir

5

12

1?

9

3

()

10

(;

1"

9

LL

3

5



Table 2 continued:

Neepawa

Ninette
Pierson
Pilot Mound

Pinawa

P. la Prairie
P. la Prairie
(2)
Reston
Rivers A

Roland
Rossburn
Russell
Selkirk
Seven Sisters
Souri s

Sprague
Steinbach
Stonewall
Strathc lair
Swan River
Virden
ûüaskada

Winnipeg

5042000
s 04200 3
5042005

5022040
501 2080

5022120
50221,25

5032t60
5032162

50L2280

50L2320
50L2400

50L2440
5022480

501_ 2 500

50L252A

5022630
5032640
50127 20

50227 60

50227 80

50227 88

50727 96

5042 800

501 29 60

5013120

5023160
5023222

9
9
9

2

T

2
2

6
6

3

J

7

10

3

10

10

5

6

7

6

5

5

1_0

13

7

L

5
5

80
BO
80

100

1_00

110
110

100
100

100

100

100

100

100

11_ 0

11_0

100

100

80

100

100

100

110

100

100

1_00

1_00
100



Appendix B

PROBABILITY ANALYSIS.

As stated in the thesis, before probability analysis can be applied

Èo Ëhe agroclimatic parameEers, one must deterrnine whether tl're data fo1-

1or¡s a norrnal distribution. The objecÈ of this. is to deternine whether

the nornal disLribution curve can be fit to the data so as to gi.ve the

proba-bility of occurrence of the parameters in a continuous dístribu-

tion. The use of the normal curve represenÈs a conditíon in which all

occurrences are knorvn. the area under the curve is 1, that is, it con-

tains 1002 of all cases. under this curve, 68.27'/" of all cases can be

expected to occur r¿íthin one standard deviation of the nean, 95.45y"

r.riËhin trüo sËandard deviations and gg.73'/" of all cases can be expected

t.o occur rvíhtin three standard deviations of the mean.

À siinplistic approach to test for normalit.y of the data is to drar¡

the frequency distributions of the parameters. If the resulting histo-

gram resembles the norinal be1l-shaped curve, norrnality of the data can

be assumed. This rvas done for a.number of statíons representing the

different water-holding capaciEies of the various soils rvíthin the prov-

ince. These subjective results tended Ëo support the hypothesis that

the data are normally distributed.

To objectively test the hypothesis of normality, the dístribution of

the data was tested against the theoretical normal distribution using

Ëhe chi-square test (X**2) for norroaliÈy. The e values rvere determÍned

-l0B-



109

as a perce.ntage of the observations expected in each ínterval. If there

r^/ere n observations, then the theoretical number of observat.ions expect-

ed to occur within one stanclard on each side of the mean rvould be

(n*.6í327)/2. These e values were calculated for the follor,uing inter-

vals: (-i,-3s), (-3s,-2s), (-2s,-s), (-s,x), (x,s), (s,2s), (2s,3s),

(3s,+i).

i=infinity, s=standard deviation, x=mean.

Ttre calcualted X**2 value is then computed and. Ëested against the X**2

value in a chí-square table at the .05 significance level. The chi-

square ÊesË for normality was ernployed to test for normality for three

stations used in this research. The stations used \,/ere Lforden

(5021848), souris (5oL272û), and sprague (5022760). The resulrs ob-

tained are illust.rated ín Table 3. These results Èencl to confirm the

initial research hypothesis that the agroclimatic parameters derived

follow a nornal distribution function.



Table 3: Results of the Chi-Square Test for Normalitv

Morden (502184S)

e

f (1)^

fQ)
f(3)
f(4)
f(s)
f(6)
fQ)

e

f(1)"
f(2)
f(3)
f(4)
f(s)
f(6)
fQ)

f(1)*
f (2)

f(3)
f (4)

f(s)
f(6)
fQ)

.0675

0

0

0

0

0

0

0

1. 07

2

1

I
I
2

1

I

.856 5.436

24
T7
08
06
T4
06
08

n=50

6.795 17.0675

815
718
616
815
5 15

815
616

t3 .654

T2

T2

10

T4

15

T4

15

17.0675

19

T9

I4
T1

20

15

15

17.0615

15

I7
2t

1B

2L

20

2L

13.654

1B

13

15

13

13

13

13

17.0675

16

12

]9
I5

I2

16

T7

6.195 1.07

9L
61
60
7T
70
51
51

5.436 .856 .054

400
700
s10
510
700
9L0
610

.0675 x2

0 2.3781

o .2947

0 2.3685

0 .6655

0 3.6503

0 1" 5865

0 \.714

x2

4.8352

2.II97
3.4044

1. 12 60

1.9815

3.4240

2.4200

.0675 x2

0 5.4522

0 5.7238

0 9.0875

0 3.065I
0 4.2477

0 4.8195

0 3.8688

sourfs (5012720) n=40

Sprague (5022760) n=5

.054

0

0

0

0

0

0

0

.0675

0

0

0

0

0

0

0

1.07 6.795

07
OB
010
16
07
010
010

6.795 1.07

53
100
33

100
B2
90
62



Table 3 continued:

e - expected frequency of occurrence

f(1)* - observed frequency of occurrence at the heading stage.
tQ) - observed frequency at the sof t dough stage.
f(3) - observed frequency after the first crop of alfalfa.
fG) - observed frequency after the second crop of alfalfa.
f(5) - observed frequency at silking stage.
f(6) - observed frequency of growing degree days.
f 0) - observed frequency of corn heat unÍts.



Appendix C

RESULTS OF TIIE ANALYSIS O}' THE AGROCLII"IATIC PARAMETBRS.
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Station

Table 4: Last Spring Frost ( O C)

Mean

AItona
Baldur
Beausejour
Bede
Birtle
Bissett
Boissevain
Brandon A.
Brandon CDA.
Camp Shtlo
Carberry
Cypress River
Dauphln
Deerwood
Delorafne
Emerson
Eriksdale
Giml1
Grass River
Graysvil L e
Great Fal1s
Hamfota
Indian Bay
Me1 ita
Minnedosa
Moosehorn
Morden
Morr i s
Neepawa
Ninette
P ier son
PÍlot Mound
Pinawa
Portage la Prairie
Portage la Prairie
Reston
Rivers A"
Roland
Rossburn
Russell
Selkirk
Seven-S isters
Sour is
Sprague
Steinbach
Stonewall
Strathclair
Swan River
Vírden
Waskada
Llinnipeg A.

(1)
Q)

139
145
140
L43
148
l-44
143
150
L52
147
L44
146
I49
r43
148
143
148
143
l_45
I44
141
I46
148
152
155
l-57
r42
143
141
r50
145
140
1s0
138
139
143
145
141
145
150
143
I43
150
155
145
L44
r45
148
r42
148
146

srd.

13
13
I2
T2
13
11
13
L4
l1
11
I3
I2
12
10
10
T2
I7
TO

l2
11
10
l3
T2
T2
IO
T2
11
T2
12
11
13
IT
1I

9

11
I2
10
T2
I2
T2
t3
12
T2
T2
14
L2
13
11
11
13
13

25"L

148
Ls4
148
1s1
157
r52
rs2
160
1s9
155
1s3
154
157
150
1s5
151
160
150
153
151
148
155
156
160
162
16s
r49
1s1
L49
L57
L54
148
158
L44
I47
151
T52
I49
153
lsB
L52
15I
158
163
15s
rs2
154
155
I49
157
155

107.

156
L62
156
159
16s
159
160
168
166
L62
161
r62
165
156
161
1s9
171
156
161
158
154
163
L64
168
168
173
156
159
157
L64
I62
154
L64
150
153
159
158
t57
161
L66
160
159
L66
T7L
164
160
L62
762
156
165
163



Table 5: La,st Spring Frost ( -Z.ZC)
Station

Altona
Baldur
Beausejour
Bede
Birtle
B issett
Boissevain
Brandon A.
Brandon CDA.
Camp Shilo
Carberry
Cypress River
Dauphin
Deerwood
Deloraine
Emereon
Eriksdale
Gim1i
Grass River
Graysvll 1e
Great Falls
Hamiota
Indian Bay
Melita
Minnedosa
Moosehorn
Morden
Morr is
Neepawa
Ninette
P iereon
Pilot Mound
Pinawa
Portage la Frairíe
Portage la Prairie
Reston
Rivers A.
Roland
Rossburn
Russell
Selkírk
Seven-Sisters
Sour i s
Sprague
Steinbach
S tonewal I
Strathclair
Swan River
Virden
llaskada
lüinnipeg A.

(r)
Q)

r27
131
131
128
139
13I
130
133
140
134
131
133
138
13s
136
132
137
131
136
131
128
136
137
138
140
143
130
133
130
l-37
130
131
137
128
r29
134
133
130
L32
139
130
131
139
142
133
132
136
135
130
134
132

Mean srd.

I2
11
L2
T2
T4
T1
11
t3
11
I1
10
13
1,2

10
11
T2
I2
11
13

9
T2
13
10
11
11
10
11
11
1l
11
13
11
10

9
11
I3

9
9

T2
T4
I2

9

T2
T2
11
10
13
13
10
10
11

257"

135
139
139
136
r49
139
L37
L42
L47
r42
138
L42
L46
r42
L44
140
145
139
L45
137
136
L45
r44
L46
147
150
l-37
140
138
r44
139
139
r44
L34
137
143
139
136
140
r49
138
137
r47
150
141
137
r45
144
137
14r
139

LW"

L43
I46
L47
L44
157
L46
L44
1s0
L54
I49
L44
150
Ls4
148
151
148
153
L45
153
L43
r44
153
150
1s3
Ls4
156
I44
I47
I44
151
I47
r45
150
140
143
151
L45
L42
148
L57
146
r43
155
1s8
148
145
r53
I52
t43
r47
r46



Table 6: First Fall Frost

MeanStation

Altona
Baldur
Beausejour
Bede
Birtle
Bís sett
Boissevaín
Brandon A.
Brandon CDA.
Camp Shilo
Carberry
Cypress River
Dauphin
Deerwood
Deloraine
Emerson
Eriksdale
Gimli
Grass River
Graysville
Great Fal1s
Hamiota
Iridian Bay
l,leI ita
Minnedosa
Moosehorn
Morden
Morris
Neepawa
Ninette
P íerson
Pilot Mound
P inawa
Portage 1a Prairie
Portage 1a Praírie
Reston
Rívers A.
Roland
Rossburn
Russell
Selkirk
Seven-Sisters
Souris
Sprague
Steinbach
Stonewal 1

Strathclair
Swan River
V lrden
Waskada
Lrinnipeg A.

(1)
(2)

262
259
266
257
247
258
262
254
255
259
26l-
260
260
268
257
260
252
266
256
260
270
254
259
255
250
253
265
263
264
256
255
260
258
269
267
259
259
26L
258
253
266
263
256
242
260
265
243
255
260
2sI
264

(o c )

s rd.

9

10
9

L2
19
t9
T2

9
I2
T1
1I

9

T2
11
22
11
10

9

10
9

11
I4
11

1

L4
L2

B

9
a

1I
12
l0
1B
T4
10
10
IO

9

10
T4

7

11
10
20

B

I
31
I6

9

15
9

257.

2s6
252
260
249
234
24s
254
248
247
25I
253
254
252
260
242
253
245
260
249
254
263
244
252
250
240
24s
260
257
259
249
247
253
246
259
260
252
252
255
25L
243
26I
255
249
228
255
259
222
244
254
24L
258

w"

250
246
254
24r
222
233
246
242
239
244
246
248
244
253
228
246
239
254
243
248
256
236
245
246
232
237
255
25L
254
242
239
247
234
257
254
246
246
249
245
235
257
248
243
2L6
249
254
20t
234
248
23L
252



Station

Table 7: First Fall Frost

Mean

( -z.zc)

srd.

13
I2
15
10
T5
10
12
10

8
t5
13
IO
1I
T4
L4
11
I1
1I
11
10
]I
11
IO

9

I
13
I3
1l
13
T2
t3
11
10
11
13

9

11
T3
L4
ll
T2
13
tl
tl
L4
I2
I2
T2
l2
L2
I2

257.

268
264
269
259
2sI
269
265
258
258
260
262
26I
264
265
260
264
258
268
26I
263
275
258
265
257
257
258
268
265
263
26r
254
262
266
274
268
259
262
264
256
255
27I
27L
258
25t
264
263
258
258
260
257
265

IU/"

260
256
259
253
24L
263
257
252
253
250
254
255
257
256
25L
257
25t
262
254
257
268
25I
259
251
252
250
260
258
257
253
246
256
260
268
260
253
256
256
247
248
263
263
25L
244
255
255
250
250
252
249
257

AItona
BaIdur
Beausejour
Bede
Birtle
B ís sett
Bo issevaín
Brandon A.
Brandon CDA.
Camp Shilo
Carberry
Cyprese RÍver
Dauphin
Deerwood
Deloraíne
Emerson
Eriksdale
G 1mli
Grass Ríver
Graysville
Great Falls
Hamiota
Indian Bay
Mel fta
Minnedosa
Moosehorn
Morden
Morr í s
Neepawa
Nínette
P ier son
Pilot Mound
P inawa
Portage La Prairie
Portage la Prairie
Reeton
Rlvers A.
Roland
Roseburn
Russell
Selkirk
Seven-SÍsters
Sour is
Sprague
Steinbach
Stonewal 1

Strathc lair
Swan River
V irden
Waskada
l.Iinnipeg A.

(1)
Q)

277
272
279
266
26r
276
273
265
263
270
27L
268
27I
275
270
27I
266
276
269
270
282
265
272
263
262
267
217
272
274
269
263
270
273
282
277
265
270
273
266
262
279
280
265
258
274
27I
266
266
268
265
273



Table B: Frost-Free Period

MeanStation

Al-tona
Baldur
Beausej our
Bede
B írtle
BissetÈ
Boissevain
Brandon A.
Brandon CDA.
Camp Shilo
Carberry
Cypress River
Dauphín
Deerwood
Deloraine
Emerson
Er íksdale
Gimli
Grass River
Graysvi 1 1e
Great Falls
Hamiota
Indian Bay
Mel ita
Minnedosa
Moosehorn
Morden
Morris
Neepawa
Ninette
P ier son
PíIot Mound
Pinawa
Portage la Prairie
Portage 1a Prairie
Reston
Rivers A.
Roland
Rossburn
Russell
Selkirk
Seven-S ister s
Souris
Sprague
Steinbach
Stonewall
Strathclair
Swan River
V irden
hlaskada
Wlnnlpeg A.

(1)
Q)

L23
114
126
114

99
114
1r9
105
103
112
117
114
112
125
109
116
104
t23
111
116
128
108
111
103

95
96

123
r20
L23
106
1r0
120
107
130
L20
116
115
l-20
113
L02
124
r2t
106

88
Ir5
T2L

98
107
118
103
118

(oc)
srd.

IB
L7
15
16
2T
¿6
19
1B
IB
13
15
16
19
15
25
20
18
T4
L7
l5
1s
20
I7
15
TB

T6
T4
16
15
I6
1B
T4
24
L7
I6
13
15
15
L4
19
15
T7
L7
25
L7
15
33
19
13
I9
T7

257.

111
L02
116
103

85
96

106
93
91

103
107
103

99
115

92
r02

92
113

99
106
118

94
99
93
B3

85
113
109
113

95
98

110
91

118
117
107
10s
110
103

89
114
109

94
7L

103
111

75
94

109
90

106

rv/.

99
91

106
93
72

80
94
8l
80
95
97
93
87

105
76
90
80

105
8B
97

108
82
89
83
72
75

105
99

103
85
87

102
76

t_08
107

99
95

100
94
77

r04
9B
84
56
93

101
54
B2

101
7B

96



Table 9: Frost-Free Period (-Z.Z C)

Station

Al-tona
Beldur
Beausej our
Bede
Blrtle
Bissett
Boissevain
Brandon A"
Brandon CDA.
Camp Shilo
Carberry
Cypress River
Dauphin
Deerwood
Deloralne
Emereon
Er iksdale
Giml i
Grase River
Graysville
Great Falls
Hamiota
Indian Bay
Me1 ita
Minnedosa
Moosehorn
Morden
Morr is
Neepawa
Ninette
Pierson
Pilot Mound
Pinawa
Portage la Prairie
Portage la Prairie
Reston
Rivers A.
Rol-and
Rossburn
Rus se1 1
SeLkirk
Seven-Sisters
Souris
Sprague
Steinbach
Stonewall
Strathclair
Swan River
Virden
I'Iaskada
Winnipeg A.

(1)
Q)

Mean Srd.

19
IB
2L
L7
20
13
16
15
T2
2I
I4
I6
16
t6
T7
18
20
16
13
15
1B
I7
T2
16
T4
20
19
L7
19
T7
L7
1B
16
T4
19
15
15
L7
1B
19
I7
16
15
t8
20
L4
L4
18
I6
16
I2

257.

L37
729
133
L27
108
136
132
L23
115
12L
130
L25
122
130
r22
L27
115
134
124
t29
L42
117
127
114
II2
110
134
127
131
120
T2T
128
125
143
13s
T2T
128
131
122
110
L37
138
116
103
T2B
L29
I2T
119
r27
120
132

TUI"

125
117
119
116

96
128
122
113
r07
108
I2L
11s
LLz
L20
111
116
102
t24
116
1'20
131
107
119
104
I04

98
L22
]L7
119
110
111
116
115
135
I23
111
118
t2L
110

9B

t26
128
106

92
116
120
II2
108
LL7
110
124

1s0
r41
I47
139
I22
l.45
143
133
l-23
136
140
136
133
141
134
139
129
I45
133
139
154
r29
]35
L25
I22
I24
147
139
I44
132
133
140
136
153
148
131
138
143
134
123
I49
r49
126
11s
r42
139
131
131
Ì38
t3t
140



Table 10: Corn lleat Units

MeanStation

Altona
Baldur
Beausejour
Bede
B lrtle
B is sett
Boissevain
Brandon A.
Brandon CDA.
Camp Shilo
Carberry
Cypress River
Dauphin
Deerwood
Deloraine
Emerson
Er lksdale
Gimli
Grass River
Graysvi 1 I e
Great Falls
Hamiota
Indlan Bay
Me1 ita
Minnedosa
Moosehorn
Morden
MorrÍs
Neepawa
NineÈÈe
P ierson
Pílot Mound
P inawa
Portage 1a Prairie
Portage la Prairie
Reston
Rivers A.
Roland
Rossburn
Russell
Selkirk
Seven-S i ster s
Souris
Sprague
Steinbach
Stonewall
Strathclair
Swan River
V irden
Waskada
lrl inn ipeg A.

(1)
Q)

2594
2369
2463
2378
2094
2433
2393
2268
2285
2440
2364
2397
23I4
2525
2369
2579
23l-5
2360
2330
2434
2563
2255
2359
2284
2073
2253
2621
2593
2373
239I
2295
2323
2330
2573
25I7
2343
2329
2 501
2I97
2074
242l-
2428
2328
2147
2457
2397
2088
2129
2372
2340
2483

srd.

2r9
2L5
232
180
275
243
232
180
L74
255
225
202
259
263
23r
239
189
209
172
193
228
196
224
190
LB2
147
214
262
217
220
233
204
20I
230
2L9
195
22I
2L7
226
201
214
248
186
215
238
226
¿66
203
212
233
208

25"1

2444.42
2220.43
2303.38
2254.L6
1906.72
2266.30
2235.24
2144.70
2166.5L
2263.79
2208.52
2259.64
2137.gg
2344.06
2209.84
24L6.48
2184.78
2217.46
22rL.66
2302.7 6
2407.73
2L2L.72
2206.46
2153.66
1949.24
2084" 30
24BT.48
2414.84
2224.79
224L.I8
2136.33
2183.67
2192.72
241s.45
2367.20
2208.84
2I78.06
2352.57
204r.96
1937.32
2272.9I
2257.38
220I.33
2000.80
2293.73
224I.51
1904.19
t990.16
2227.84
2181.33
234I.35

IW.

2306.89
2080.69
2154.44
2138.96
L736.23
2111.51
209I.40
2030.58
2058.45
2098 

" 05
2062.28
2L34.60
I977.56
2I75.2I
2061.08
2268.54
2063.06
2086.84
2101.58
2t83.29
2266.I4
2000.20
2067.35
2033.01
I 83 6.40
1929.68
2349.0I
2252.66
2088.73
2104.56
1991.63
2056.L7
2067.09
2269.86
2228.80
2084.04
2039.7I
22t5.43
1898 " 00
1812.90
2L33.L7
2098.16
2085. 83
L867.72
2L42.L3
2096.42
173L.29
L864.49
2096"6I
2036"40
22rL.98



Table 11: Growing, Degree-Days

MeanStaÈíon

Altona
Baldur
Beausej our
Bede
BirtLe
B i ssett
Boissevain
Brandon A.
Brandon CDA.
Camp Shilo
Carberry
Cypress River
Dauphln
Deerwood
Deloraine
Emerson
Erlksdale
Gimll
Grass RÍver
Graysvil 1e
Great Falls
HamioÈa
Indian Bay
Mel ita
Minnedosa
Moosehorn
Morden
Morris
Neepawa
Ninette
P ierson
Pilot Mound
Pínawa
Portage la Prairie
Portage la PraÍrie
Reston
Rivers A.
Roland
Rossburn
Russell
Selkirk
Seven-S i ster s
Souris
Sprague
Steinbach
Stonewall
Strathclair
Swan River
Virden
Waskada
Winnipeg A.

(1)
Q)

L719
1564
1589
I 618
I426
15 58
15 66
1s3 6
I57 7

L624
1560
1619
153 5

1661
1 583
I_749
1s3 6
15 0s
1561
1646
1632
I 519
1515
I 582
I397
I47L
I 758
1740
15 51
I 599
t 607
I 531
1507
1676
l-647
1609
I 533
1657
I454
13 93
I 581
L549
1590
1488
16tt
L579
13 66
1431
1604
L637
1640

srd.

I l_9

113
L12

94
132
134
L43
104
r23
114
104
133
159
119
107
15s
107
111

99
130
130
124
13s
139
131
140
139
lBB
113
I47
140
LI7
I22
Izt
110
113
L23
109
r22
T2I
l-32
119
132
113
LLz
r22
132
TT2
135
I58
122

2r"L

1637.72
I4B5 "92
1511. 94
1553 .33
133 6.11
1466. 08
1468.76
1464.76
1493.24
1545.23
1488. 14
1528. 56
142 6.88
15 79. 13
1509.29
1643.60
1462.28
1429.30
1492.89
155 7.60
1543.47
L434.68
1423.06
148 6. 65
1307.92
13 75.38
1 663 .48
1612. I6
1473.82
1498.89
1511. 66
1451.09
1423.67
1593 . 11
157l-.76
Ls3I.26
1448.99
1582.44
1370.31
I3L0.72
1489. 66
L467.I3
1s00.11
1411.16
1534.1 7

1495 " 06
I274.79
I354.73
r5r2.20
1529.40
l-556.92

Ttrl.

1562.99
L4I2.47
1440.04
1493.L7
I254.27
1380.72
1380. t0
1398.82
1416.8s
L47T.L3
1420.54
L446"23
L329.46
L502.73
L440.37
1547.66
1393.37
1359.92
L429.53
L477 "r3
1462.74
1357.80
133 g. 23
1398.38
1226.70
1287.74
I577.44
1495.79
1402.97
1407.6I
1424.72
I377.96
L347.42
1516.52
l-502"24
1458.94
137I.99
1513. s6
L292.59
1235.82
1403.46
1390.73
1418.44
1341.11
1462.82
L4L6.74
1188" 99
128s.06
1428.64
1431"13
1481. 03



Tabte 12:

Slatlon

Albona
BaIdur
Beausejour CDA
BeauseJoun
Bede
Birtle
Blssett
Boissevain
Brandon A

Brandon CDA
Camp Shilo
Carberry
Cypress River
Dauphin
Deerwood
De Ioraine
Emerson
Eriksdale
GimIi
Gnass River
Graysvitle
Great FatIs
Hamiota
Indian Bay
MeIlba
Minnedosa
Moosehorn
Morden
Morris
Neepawa
N inette
Pierson
Pilot Mound
Pinawa
Portage La Prairie
Portage Ia Pnairie
Rivers A

Rol-and
Rossburn
Russell
Seven-Sisters
Souris
Spnague
Steinbach
Stonewal-1
Swan River
Vlnden
Waskada
!'linnipeg A

Soll Molst,ure Amounts at lleadln8 ln Whea!

Mean

( 1)
(2)

28.29
39.q9
35.5L
38.04
-r.55
29.70
40.r3
48. 81
17. 94
27 .28
-3.26
3. 43

29.83
35.96
54.79
36.L2
26.27
31. 3z
47.77
30.25
25.5L
44.02
30.70
49. Br
29 .69
40. 1l
40. 9r
32.9\
27.56

8. 59
3t.36
15.r_3
57.50
L2'92
34. 69

36.00
29.58
33.95
46. 54
37 .03
38.32
2.87

31. 76
37.74
36. lr
26'9t
25.8r
16.99
lt1. 70

std.

3\.92
38. 88
29.23
38.97
4s. rB
37.26
22.45
29.29
38.73
42.82
43. 58
33. 45
41. 07
33.55
38. 82
q4.68
41. 33
39.01
27.5U
40.5r
4r'gg
28.96
32.85
32.r7
30. 36
34.20
32.53
37.37
36. 0r
32.r5
41. q0

40.53
39. 09
33.52
34. 91
35.84
32. 84

36.70
37.85
34.48
36.57
35.r2
44.57
33. Ìr
38. 39
30. 56
36. 4g

36. 99
34 .19

Æ.
q. q!

l-2.62
15. 40
11. rg

-32.63
4. 33

2\.7t
28. 86
_8.63
-1. 88

-33. \2
-r9.72

l. 90
r3.15
28. 04
5.20

-t. 83
4.49

28.99
2.38

-3. 0B
2\ "27
8' ¡o

27 .90
8. 86

L6.79
18. 59

7 .53
3. 00

-13. 37
3.r7

-r2.)17
-30.76
-9.97
10.78
1r_. 49
7.r5
8.85

20.50
r3.58
T3.T2

-2r.05
1. 45

15.03
9.66
6.07
r. 00

-8.24
18. l{2

L0%

-r7.49
-r2.65
-3. 31

-13. 9r
-6L.55
-18.81
r0.38
10.65

-33.30
-2g.tt7
-6r.88
-41. 56
-23.52
-7 .65

3. 04
-23.97
-27.42
-20.63
11'78

-23.55
-29.L5

6.20
-12. 04

7.89
- r0. 42

-4.59
-2.06

-15.06
-19. 51
-33. 53
-22.58
-37.68

6. 14
-30.92
- 11. 32
-l_r. 17
-13. 4r
*r4.3¡
-3.80
-7 "79

-r0.43
-,t2.89
.26.TIT
-6.06

-15.06
-r2.97
-2L.59
-3r. 32
-2.85



Table L3: I MoisLure Amounts at lhe Soft D hS e in Wheat

Statlon

Altona
Baldur
Beausejoun CDA
Beause jour
Bede
Birfle
Bissett
Boissevain
Bnandon A
Brandon CDA
Camp Shilo
Carbenry
Cypress River
Dauphin
Deerwood
Delorai.ne
Emerson
EriksdaLe
u]-ml-1-
Grass Riven
Graysville
Great Falls
Hamiota
Indian Bay
Mellta
Minnedosa
Moosehonn
Monden
Morris
Neepawa
N inette
Pierson
Pilot Mound
Pinawa
Portage l-a Prairie
Portage la Prairie
Rivers A

RoLand
Rossburn
Russell
Seven-Sisters
Souri s
Sprague
Steinbach
Stonewall
Swan River
Vlnden
Waskada
Winnlpeg A

(1)
(2)

-25.90
-1. 81

-4.12
-3.r3

-59. 86
-1r.81
-0- 35
-3. 33

-32.85
-30.83
-61.78
-4r. l0
-24.46
-r7 .2L
-LI.22
-23.32
-24.63
-1r. 73

6. 93
-20'98
-32. 11
-0. 60

-2L.37
t2.09

-30.00
-rl. 75
-18.80
-22.0\
-32'3+
-3r. 95
-25.66
-43. re

t. 05
-50'9o
-2. 10

3. 3r
-7.85

-23.36
6. 08

-20.23
-7.22

-48.68
-18.3r+
-12. Bl
-7.76

-r3.00
-28'32
-42.80
-3.90

Mean std.

44. ¡¡
52.6U
43.63
46 .04
50.62
58.32
3\.20
42.93
52.18
53.31
52.86
43.09
49. og
5r.37
50.58
45. 84
56. 19
57.27
33.92
57 .96
48. 84
q0.5?
50. 4r
44'zr
45.53
50.46
37.25
48,75
4)1.25
5r.38
5r'go
60. 13
50. 10
4¡.go
33.62
44 .20
52.58
4r. 42
59. 98
52.52
44.6 3

52.32
61.03
40. 59
44.9,+
47 .00
52.6r
52.84
41.50

25l

-56. 19
-38.18
-34. 14
-34.85
-94. 69
-51. 53
-23.85
-32.57
-69.06
-67. r3
-98. 36
-70.92
-57.83
-52.14
-23.63
-55.04
-62. 84
-51. 19

-16.20
-60. 86
-65.37
-28.27
-55.65
-18' 3o
-6L.23
-46. 16
-44. ¡s
-55. L9
-62.52
-67.04
-6r.04
-84.07
-33.22
-80. 92
-25.L3
-27.26
-43.7 6

-5L.69
-35.1-g
-55.94
-37 .97
-84'3r
-59. 84
-1r0.65
-38.7 2
-45.05
-64.09
-7 8. 84

-32.16

10Í

-84. 04
-72.40
-62.06
-64.50

-L27.08
-87.74
-\5.66
-59.27

-102.68
-100. 24
-132.88
-99.06
-88. 21
-83 " 99
-56.20
-84.9?
'97.62
-88.07
-37.40
-97.95
-95.70
-53.58
-86.95
-46.17
-90. 15
-77 .70
-68. 01
-85.37
-90.17
-99.26
-93. 36

-r2r.47
-64. 78

-r08.33
-46. 41
-55.52
-76. 68
-77 "87
-73.69
-88. 51
-66.7L

-116. 85
-97.62
-66. 51
-67.67
-74. 34
-96.66

-1TI.8I
-57 .97



Table 14:

St,atlon

AItona
Baldur
Beausejour CDA
Beasejour
Bede
BirtIe
Bissett
Boissevain
Brandon A
Brandon CDA
Camp Shilo
Canberry
Cypress River
Dauphin
Deerwood
Delonaine
Emerson
Eniksdale
Glmli
Grass River
GraysviÌIe
Greab FaIIs
Hamiota
Indlan Bay
MeIlta
Mlnnedosa
Moosehorn
Morden
Mornls
Neepawa
Ninefte
Pierson
Pilot Mound
Pinawa
Portage Ia Pnairie
Portage la Prainie
Rlvers A

Roland
Rossburn
Russell
Seven-Sistens
Souris
Sprague
Steinbaeh
StonewaIl
Swan Rlver
Virden
llaskada
hJlnnlpeg A

SoiI Moisture Amounts at Silking ln Corn

Mean srd.

33.01{
44.17
35.56
29.73
4r. 91
l{6.2r
26.23
3L"92
t+s.zg
4¡. ¡o
37.72
43.22
\3.23
t12.55

39.44
35.29
\5.29
38. 1o
26.5\
lr4 .61
40.73
30.52
38. BB

28.69
42.85
35. 30
?7.9\
41.00
37.35
36.75
43.09
\6.73
39.56
36.66
35.62
32.7r
36.70
34 .61
43.02
40. g0

3r.62
4r.59
45. 19
30. 69
38. 78
37.02
43" eo
37 .26
33. 48

(r)
Q)

2r.06
44 .01
37.t9
26.66
-9. 60
27.82
34 .17
41. 90
17. 68
14.4r

-r2.5\
6.05

22.67
30.53
)18.26

30.43
4.2L

23 "7r
4r. 3s
23 .04
12. I3
40. 60
25.96
49.43
17. 01

32.69
26.L2
25.27
20.94

7 .9L
2L.90
\.55

\5.7 tl

4.ss
29.69
40. 47

30.73
23.7r
q6.53
23.86
33.70
-4.98
24.85
3r. l2
3r. 28
26.70
L6.7 9
8. 24

35.00

25fr

-r.54
t3,49
L2'72
6.15

-38.43
-3.99
t6. 15
20.13

-13.38
-r5.r2
-38.64
-23.86

-6.7 3
r. 60

2r. 0g
6 .0r

-26.59
-2'5u
23"25
-7.65

-15. 69
19 "79
-0. 48
29.89

-12.39
8.62
6. 90

-2.61
_4.57

-17.19
-7. 44

-27.27
r8. 68

-20.49
5.29

r8. r0
5.66
0.04

16.93
-3"95
1r. 91

-33. 30
-5. 88
r0.07
4. 56
1. 45

-r2.99
-17. 17

L2.20

ro%

-22.3s
-L5.22
- r0. 10
-r3.09
-65.26
-33.04
-0.58

0. 2r
-42.23
-42.04
-63.27
-52.08
-33. 5 3

-2\.79
-4' 3r

-17.04
-54.67
-27.08

6,66
-36.20
-41. 14

0.74
-2u.62
L2.05

-39.59
-13.45
-rr.04
-27.99
-27.95
-40.27
-34.29
-56.29
-6.ztt

-43.40
-L7.29
-2.58

-17. 31
-2r. 84
-10.60
-29.3L
-8. 45

-59.t7
- 33. 85
-9. 48

-20.41
-2r.65
-40. 15
-40. 46

-8.62



Table L5:

Statlon

Soil Moistune Amounls after Lhe Finst Crop of Alfalfa

Mean

AIt,ona
Baldur
Beausejour CDA
Beausejour
Bede
Birtle
Bissett
Boissevain
Bnandon A
Brandon CDA
Camp Shilo
Carbemy
Cypress Riven
Dauphin
Deerwood
Delonaine
Emerson
Eriksdale
Gimli
Grass River
Gnaysville
Great Falts
HamioLa
Indian Bay
Melita
Minnedosa
Moosehorn
Morden
Mornis
Neepawa
N inette
Pienson
Pilot Mound
Pinawa
Portage la Prairie (L)
Portage Ia Prairie (e)
Rivers A

Roland
Rossbunn
Russel-1
Seven-Sistens
Souris
Sprague
Steinbaeh
Sbonewall
Swan River
Vinden
Waskada
l.Jinnlpeg A

-24'96
-r0.08
-23.53
-ú .10
-57.98
-23.65
-19.37

9.03
-34. 18
-29.80
-54'3o
-42'5u
-32.84
-r2.95

3.r2
-4'zg

-32.99
-2L.02
-0.51

-17.41
-37.95
-r4 .83
-31.05
-2'98

-36.75
-2r.73
-7. 30

-2r.94
-35.36
-39.93
-22.19
-43.31

0.08
-5 3. 83
-r6.93
-5.62

-22'7t
-r8. 40

-1.(¿
-24 .48
-rl. 37
-59.86
-29.57
-\.79

-25.60
-43 . ra
-39.33
-39.33
"L7 .r2

st,d.

52'30
47 .82
50.60
44.42
55.20
60.79
3r.. 28
51.03
55.56
62.83
52'32
42.28
56.83
57.46
59.L7
55.9r
6L.25
57 .30
46.82
53.r7
59.75
37 .5\
55.36
53.51
68'3e
56.68
38. 84
50.22
54'30
55.92
6r. 93
62.3s
54.57
53.15
5T.2L
43.2r
53.7r
5L.22
lt6.03
46'go
44.87
62.56
63.29
43.66
34. 61
45.49
56.06
52'90
52. tl_

25%

-60.73
-43.t2
-58. 3'l
-42 . qr
-95.96
-65.05
-40.86
-25.77
-72.35
-72.59
-90.57
-7r.80
-7 r. q8

-5r.92
-37.65
-4¡.r+z
-74. 64
-60. 50
-32.4t1
-53.99
-78. 64
-40. 43
-68.75
-39.43
-83.62
-60. 3g
-34.02
-56. 09

-72.45
-7 8.rz
-64. 43

-85.77
-37.18
-90. t 3
-52. 01

-35.52
-59. 39
-53.43
-39. 39
-56.4r
-42.29

-102.46
-72.60
-34.74
-49. 45

-7 4 .20
-77 .45
-75.t46
-62.6r

rc%

-93. 68
-74.2L
-90.83
-7 6.L5

-131.29
-r02.80
-60"82
-57 .67

-107.80
-r11.60
-L2t+.73
-99 .41

-106.72
-87.55
-75.75
-79.98

-l_12.68
-97.40
-61.70
-88.02

-1r5. 86
-6 3. 86

-r0 3. 07
-7 2.7 2

-r27.00
-95.8r
-58. 88
-87 .18

-106. 55
-11 3.24
-103. 07
-I24.55

-7r.t+g
-L23.35
-84. 48

-63.14
-93.02
-85.81
-68.94
-85.53
-7r.18

-r4l_.44
-ru.77
-62.ss
-7 t.7 4

-ro2.59
-TT2.2I
-108. 52
-85.02



Table 16: Soil Moisture Amounts af the Seco of Alfalfa

Station

Altona
BaLdur
Beausejour CDA
Beausejoun
Bede
Birfle
Bissett
Boissevain
Brandon A
Brandon CDA
Camp Shilo
Carberry
Cypress River
Dauphin
Deerwood
De loraine
Emerson
Eriksdale
Gimli
Grass River
Gnaysville
GreaL Fal]s
Hamiota
Indian Bay
Mellta
Minnedosa
Moosehonn
Monden
Mornis
Neepawa
Ninette
Pierson
Pilot Mound
Pinawa
Portage la Pnairie (I)
Pontage la pralnie (2)
Rivens A

Roland
Rossbunn
Russell
Seven-Sislers
Souri s
Sprague
Steinbach
Stonewall
Swan River
Virden
Waskada
Winnipeg A

Mean

-r48.84
-115. 88
-r18. r?
-ru.45
-r78.65
-L24.53
-r16. 16
-90. 82

-160.28
-r54 .20
-rTL.97
-r55.82
-r42. 50
-r22.47

-93.82
-L20.2r
-r45. 10
-140. 66
-77.96

-144 .03
-156.22
-lto. 92
-L56.22
-72.63

-L49.32
-142.0r

-93.92
-r38.05
-161. 46
-146.06
-129 " 4r
-180.58
-r00.47
-187 .80
-113.43
-97.ttS

-rr9.7 6

-rl{5.80
-88. 59

-r42.87
-I04.33
-179 .96
-L26.9r
-r05. ll7
-r25.37
-r33.69
-r52.5U
-r77.2L
-r10.81

srd.

76.93
88'30
96. 40
79.6L
90.25

r05. 37
58.70
80.64
89. er
93.47
Bl.tz
80.1{l
93.53
90.79
9L.24
98. 64

100. 15
90.24
7 6.02
98.90

r12. 38
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Figure 1: Dates after which rhe Risk of
Frost (0 c) has been reduced
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F ígure 2: Dates after which
Frost (-2.2 C) has

the risk of occurrence
been reduced to 257".

of the Last Spring
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F igure 3: Dates after which
Frost (-2.2 C) has

the risk of occurrence
been reduced to l0%.

of the Last Spríng
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Flgure 4: DaLes before which the occurrence
(O C) ís ar a 25"L risk.

of the First Fall Frost
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Figure 5: Dates before which the occurrence
(0 C) is at a 10% risk.

of the First Fall Frost
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Flgure 6: Average data of occurrence of the Firsr Fall Frost (_Z.Z ù"
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Flgure 7: Dates before which the occurrence
(-2.2 c) is ar a 25"1 risk.

of the First Fal1 Frost
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Figure 8: Dates before which the occurrence
G2"2 C) Ís ar a 107. risk.

of the First Fall Frost
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Figure 9: Length of the frost-free period (o c) at a 25'L risk.
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Flgure 10: Lengrh of the frost-free period (-z.z c) at a 25"L risk.
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FLgure 11: Lengrh of the frosL-free pertod (-z.z c) at a 10% rtek.
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Ffgure 12: l"llnlmum Accumulallo¡r of corn [eal- urrlts at a ZS'L Rlsk.
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Figure 13: Minimum Accumulation of Growing Degree Days at a 25% Risk.
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Fígure 14: Minimum Accumulation of Growing Degree Days at a l'tr/" Rísk.

Porlogo Lo Proiris

LAKE

WINNIPEG

tloor 
\ \ mordcn

tooo



Figure 15: Soil Moisture Amounts
wíth a 257. risk.
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F igure 16: Soil Moisture Amounts
with a ICf/. risk.
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Figure 17: Soil Moisture Amounts
which can occur with a

at the Soft Dough
25'/" rísk.
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Ffgure 18: Soll Moisture Amounts at Lhe Sol't
which can occur with a 107. risk.
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Ffgure 19: Sofl Molsture Amounts
wirh a 25% rísk.

at Sllkíng in Corn which can occur
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Figure 2Oz Soí1 Moisture Amounts
with a 10% risk.
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Figure 21: Soil Moisture Amounts
which can occur with a

after the First
25"L rísk-

Crop of Alfalfa
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Flgure 22: Soil
which

Moisture Amounts
can occur with

after the First
a 107. risk"

Crop of Alfalfa
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Flgure 23: Soil
which

Moisture Amounts
can occur with

after tl-re Second
a 25"L rÍsk.

Crop of Alfalfa
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Ffgure 24: Soil Moisture Amclunts
which can occur wíth

a tter tlrt: Se¡c.ond
a 107" rísk.
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