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1 INTROJ)UCI'IQN ’

. condmons of cerramty, where a chorce exrsts between a qu)gmty ol“ certam present wealth S LT

o '-‘and another quantrty of certam f uture wealth As one:moves closef to a dtscnpuon ol' reallty, .

Vel

! Lhe decrsron 15 more lrkely to be represented as a chorce between certam present Wealth and -
§ uture rrsky wealth In thlS second representatron a lcnown quanut)( of l‘ uture wealth 1s
s 'replaced by a probabilxty dtstrrbuuon of f uture wealth prospects The wealth prospccts are

e usually denomrnatw l#’ money, and the dtstnbutton is, characterlzed by at least two f' o

| parameters expected money recerpt and varranoe around thts expectatron a; " : ‘1 A
Thrs thesrs uses hrstorrcal da.ta to stu"b‘y revenues prospects arrsrngf rom producmg |
: crops lt charactenzes the f arm crop decrsron as a smgle perrod mvestment wrth an exchange
of present cash commrtment to f armrhg costs f or f utu.re cash l' rom the crop sale The cash
‘ commrtment rs presumed to be known wrth certamty and mcludes such mat costs as land

Rxsk 1s assocrated wrth the varrabrhty ol' antrcrpated f uture crop revenue The revenue

e

rent labour fertthzer see and pestrcrde

f rom crops derive from pnce quantrty and quahty of pr Oduct revenues mn be o

charactenzed by a two parameter probabthty drstrr )mon. A o T 4_'“; ‘ - : ,;-‘_1 e

Thrs thesrs concentrates on forecastmg the more drff rcult parameter’ used to descnbe | /
r;evenue dlsmbuuons. vanablhty of expected recerpts Hrstoncal vanabrlrty experrence wrll bc
, used m the esumatton Vanabrlrty wrll be determm‘&l by the dtspersron of actual revenue

around the expected recerpts ln the muluple crop solutron possrble efl‘ects of drversrfrcatron«, . -4 '
N m_ need to be consrdered Exammauon of staustrcal characterrstrcs of crop pi:dxtron that aff ect i

the relatnonsb;p between smgle crop and multrple crop vanabtlrty wrll be rtquired

| A Objectlves and Hypothesrs L




‘ g r cw Howevy/

R

. -“‘1';'

;‘. ycars

itis thc causal mflucnce o*rsk reducuon that wul bc rsolated and analyzed

the absolute and relatrve amount of'va'rratrlnyvof revenues assoaaled wrth wheat b

, vf_vand canola crops LS : LT
. ‘Lhc stabrlnv of nsk patlcrns over ume '. I
lhc srgmfu:ancc of nsk drf fer’ences beLween crops' RTINS S

:’-'5-lhe effecr of msurance on crop rrsk and ;_..' SR R ;'-;"_ ey

_;_, e

. thc mdcpendence or lack thereof between nsk exposure on crops planted m drff erent

LA

- - Ris reducuon zhrough cre d:vers: f catzan under Alberta condmons is: stgruf canl at the 95%

f‘or crop dwersrf rcauon is mmor I the hypothesrs is not re;ected rrsk comrol wrll be ' RS

_rrsk exposure whu;h depends not only on the drspersron parameter of each crop s revenue L

- drstnbuuon buvalso on stansucal rnteractron between those arstnbutrons in the form of

con rdence IeveI R S Ll ‘: SRR

assumed o bc a monve of crop drversrfrcatron '-‘, AR L
B Research Approaeh T e 3. k&

o .addmvrty properues Changmg from a smgle crop smguon to a mumple crop W‘ill generate a

;drspersron but for covanance as well R - ', l R R

posnedﬁ ame prcdxctxons For each year in the Slud)’. an. appmpnate predrcnon for S

L R '--'\.,'v.'I

& .

Rejecuon of thrs hypothesrs le support Ihe contentron that the nsl;-control mouve o

1‘1

%

Investrgauon of the d.spersron parameter m crop mvesulxent 1s complex because' of‘ 1ts

L

',a&- L 4-‘

e . A o

covarrance or correlatron Theref ore; data from varrous croPS must be ana]yzed “0‘ °n13' for

e’ e . : LN L : \"'

The basrs f or hrstoncal 1denuf 1cauon of the dxspersxon parameterf wrll be errors from' :

i : end- of year prrce yreld. and grade wrll be formulated based on mformauon avallable at the ﬁ e




yrelds, and grades f or cach crop are the errors whrch are mthrgated The pattem ol' errors

for each cjp, and therr mteractron between crops. wrll l‘orm the basrs f or f orecastmg the b

‘ R dlspersmn parameter conl'rontmg l' armers who wrll be makrng croppmg decrsrons ln the

future l

Hrstoncal yreld and grade data necessary Tor f orecast error estrmates wrll be obtalncd
' f rom the Alberta Wheat Pool estrmates of yneld at country gram eleVator pomts Properues of
o thxs data source wrll be dtscussed m a later chapter Pnce’ data were obtamed f rom Alberta B : b. =

Agnculture Stattstrcal Yearbooks Chrcago Board of Trade Staustrcal Anuual and tlre

e N
P

Wmmpeg Commodtty Exchange Statrstrcal Annuals*for thc penod under study The results are K

—]
mdrcated on a regxonal basrs Regrons were set in accordance wrth census dmsrons used by

Statrétrcs Canada and are represented in- the follownu@?gure 1 1 ‘ aE :: E .' =

_ Followmg thrs mtroductron the second chapter wnll present some theoreucal v
background f or croppmg decrsrons Chapter three exammes the determmants of revenue Each o /

comp@ent wrll be exarmned separately Thrs secuon also descnbes the type of data that wrll

L be used in the analysrs and tlre modrf rcatton neoessary to account f or msurance ef fects The f

RN

results and analysrs are presented in the fourth chapter The results report the I )at:ve mk ':

(

between crops and ‘the rrsk reductron resultmg from crop combmatrons The l' mal chapter

summanzes the nsk reducuon attrrbuted to crop diversrf reatron and prov:des reeommendauons

for further rescarch _' I i
‘ ¥ S
| e




" Figue L1 AGRICULTURAL REPORTING REGIONS -

< L . ) ;! L ) .







e measures ;s hedgmg and dwersrfrcatron Secondary rmpacts of publrc credrt drograms hre

T ‘fnsms mput pnces Scamﬁzzo Hazell and Anderson ( 1984) recommend supply functron' be

e specrfred in terms of anncrpated returns rather rhan armcrpated pnces and soch supply

" l:}'_mdmsrhrhty ;

o . *’uulrty functrons should possess the propertres of contmurty and decreasmg absolute\nsk

L aversron

L } Rrsk analysrs in pubhc programs and polrcy 1s recervmg more consrderauon Robrson
and Barry (1987) mdrcate that government pohcres of supply control pnce stabrhzau%n wrth

: mmrmum pnces tend to reduce partrcrpatron of farmers 1n pnvately supphed rrsk reducmg

§e’vem{studtes attempt to specrf y. uuirty f uncuons based on the premrse that the

L expected utrhty hypothesrs underhes decrsron makmg (Halter and Dean 1971 Lm Dean"v;_ N R

) . '-.'Moor 1974 and Zuharr Taylor and Kramer 1987) These studres are m agreement that the

.".

combrnatrons q

\

J

funcuons be used in determmmg welf are consequences Thrs pl‘emlse 1s based on produce" N S

L confrontmg nsk rather than merely mstabrhty These authors aLso 1mply that shadow pnces O

9 . used for pro;ect apprarsal should consider the Jomt role of pnce and eyreld ' }»
i B The Caprtal Asset Pricrng Model

o supulates that -nsk has a market pnee and ean be drrectly compared to other econormc values .-
R through thts means CAPM rs’a representatron of the behavror of fmancral markets and rests AR
: _on Fhe ass‘umptions that secunty markets are competmve and etT rcrent and‘mat these markets f;»_

"are doﬁnnated by ratronal nsk -ayerse investors who demand Y prermum in the form of higher’ “

The second theoretrcahvrew is that of the Camtal Asset Prrcrng Model (CAPM) whrch _ :

St




S market lme ';'"he pnce of nme xs the pure mterest rate 'fSharpe (1964) and Lerr (1965)

deyel()ped the theory that relates the nsk‘ prermum for‘an mdivrdual secumy 'x' (E(R* .' R ) |

T stahdard devranona ‘-,‘;la'nd the"',ma’rkéi:_stand:ard de‘v'i'aﬁ .' equallmg p (o /a
O Roll (1977) tested the hypothetns that the market portfoho 1s mean vanance eff xcient '

| 3 Y '-k{_-,usmg ef f icxent set mathemaucs Roll concluded that httle extemal mformauon ns avaﬂable on

. A -
B -

Y E
2 the true market portfoho s exact composxuan and that even a small mrs speclfxcation am lead .

to wrong conclusrons Some prevrous studxes wlnch rejected the Sharpe Lintner model such

E .fas Fama and MacBeth 1973 and Black Ieusen and Scholes, 1972 and Blume and Friend,




; '-:si.:'. .‘}_mdcx apprpach ts a s;mpltf ted versron of the Markowrtz model Addrttonal work on rtsk and

R prlce hedgmg wril be c1ted in Chaper four _'j_-_~, S |

C Vartance Measurement g R

" -’,"assets (m CAPM the market portfolto) In the frrst case asset varrance enters the model sy

Collms and Barry (1986) used the Sharpe Smgle Index approach to exarmne systemane e

o vs' non «systemattc ns.k f or crops m the Impenal Valley of Calrf omra The 1ndex approach doesv, 5:[' A /

: -:vary from CAPM m that CAP@M )explams the ethbnum rate of return on assets whereas the

‘—-_..-

Varrance underhes maJor theorettcal models whrch f ocus dtrectly on

) : l K

- -',"'tradeuof f or presume that an asset S nsk 1s descnbed by 1ts contnbutron to vgmance of all

'drreetly, 1n the second asset varlance rs of tmportance but only as wetghted by correlation of o

i the asset s vanance wrth that of the market portfoho For erther purpose when Vanance 1s

«

= "_-measured llS measurement should be consrstent w:th 1ts use as a measure of nsk ln thrs

contexi, a dtstmctton between na:ve vanance and a more refrned versron 1s of rmportanee l_ ST

R _.of a revenue component For é‘kample yteld vartance of a crop would be found by takmg the

Natve vanance lS found through drrect hrstoric observauon oﬁ vanabrhty of revenue or

’ :: ‘_vanance ot‘ hrsmncal yteld data If thts vanance were used as- the measure of rrsk predtctron

B

, i 'of rrsk exposure based on thts measurement would trnply that a smgle penod decrstonrnake '

’-_'would be, in srmphf 1ed ef f ect drawmg a, number from an um contaimng a11 past ytelds e

NaWe vanance may exaggerate [ k smce some vanatton may be predretable. For eXtreme

: ‘f;example suppose that ytel’d vana ‘ﬂ’fty were fully explamed by summer ramf all and suppose"fa.".--

ERE that precxsely accurate summer ramﬁall forecasts were obtamable prior to croppmg decrsrons;:'m;_:i_"'. .

o ‘;Yreld would vary histoncalfy. but this varrabrhty,,w‘ould conceal a Lsttuanon wher& ¥







Lo msurance or a pnce :

a :_"_"'_-- ‘ To rerterate nsk calquated fro
e -enters the smgle penod model through the sensrtmty of the drscount rate to revenue b
: ; prtcmg of nsley mves ments Lower present values thus result m htgher drscount rates where",_-

e‘r (C /C 1) 1 rs the exchange ratto between present and f uture cash flows ’l'he general

f unctronal relatronshrp between rrsk and dtscount rate may be denoted as ; = r (MSE): o _‘:f

net present value of smgle penod revenue may be descnbed aS 0(1 + ’,(Msg,))

o

D Multr-Crop SmgleaPenod Model Wrth Uncertamty RRDRIPRE e
IR Drversrf rcatton through multl crop chorces may be used to reduce nsk Reductron of :
e nsk 1s accomphshed by combmmg mvestments whrch are less than perf ectly correlated )

Reductron m the multt crop expected revenue does not necessary result from the nsk

The mean square error around the expected revenue per umt of land at trme 1 for

three crop possrbihtres may be calculated as follow :

- 23 S
S m

MSE—ai’MSE,+a,’MSE,+ a,=MSE,+2a,a,Cov 2¢+ za,a,Cov 3* 2a,a,cov =

crop. 50 that Za ~1 Note that the v

o -proportxon of expected recerpts from the i







\

5 where wl-—werght of each cro

E-eXpected mcome N L A P

mmrmrzatron mayberepresented aS" SR
ny ‘

Z z. waj +7\,( EwE E‘)+)\,(ZEW ]a
==l j" 1. A=l

income constramt T P A

The ﬁrsr order condmonslwxll be~- _f“., ,- f o ) Coew

aZ/ak,—w,+w,+w, 1 0

aZ/ak,._utE,+ w,E,+w,E, 0

The ef [ 1c1ent f ronner may be generated by mvertrng the matnx C representatron and

altenng ﬁ‘ Note tlus analyirs assumes full knowledge of costs but has been mcluded to

1llustrare the reclmml approach Such a demonstranon appears m the appendlx

)\,—resource c/nstramt B o T R o /




' 'to the fi ollowmg
| f denotes elevator pomt or dlstnct
2. i denotes crop. and MR

' t'deﬂotesyworume :




"*rRMSF)* R R
Lack of bras rs a desrrable aurrhute rn esumatron and leads 10 accuracy Bras ref ers to

o

Lhe degree to whrch the mean of esumated values 01 a parameter drverges f rom the mean ol"

o -factual values lf the esumaung procedure is unbrased thesc m ans erl converge wrth large

_numbers*of esumal“ ' ll‘ comparmg two unbrased esumators €0 erhat has thesmaller AT

A

. ‘meah square error 1s more e l” ‘crent The mmrmum MSE 1s of use wh n somethmg rs known

of the relauon betw’een lhe paramcters ol" the drsmbuuon f rom whrch thc: samplmg is done
e lf esurnates are consxstent bul blased removal of bxas is perf ormed by evaluaung the

I

‘-, exp*ed value ol" Lhc predrcted value and applymg a correcuon to obtam an unbrased
. csumate Rcmoval ol" bras would theref ore mvolve the mcorporauon of some multrple that

B adwsrs the samplc mean)to esumate populalron means wrth mrwm MSE lncorporatmg
:these f actors mrmmrzes error assocrared wrth the predrcted revenue estrmate re E(ax )= au

. Var(ax) a a‘/n _ ’

-where a rs an adJustmenl muluple a2 rs th _' popular.ron varrance and n rs the sample srze As e . E

v PR . ‘-

".-a‘
L SR

s

l'. n approaches mf mrty a approaches 1 ,
‘ . | Some vanables in crop producuon are under f armer control such as f emhzer seed
'- quanlrry vcrop varrety herbrcrdes and rnsectrcrdes More mf ormatron about controlled

vanables could provrde closer esumat%s but would not necessanly decrease bras To i > f

accommodate f or mf luences f rom exogenous mf ormauon and bxas adJustment 1he underlymg

components of crop revenue (yreld pnce and 'grade factor) wrll be consrdered separately

_ Consrslem esumators whlch are both unbxased and have mmrmum vanance may be determmed

o &
v srmultaneously ) , .
' tJ ; ; ., :
IMSE = Var (bias)* '. v' R / i ST Ty o L
Proof: iTW=E(). L T o
Ewer E[(0-w)+ (0P . IR e .

_ . =E(®:4)? +2(u-0)E(3- u) + (u 9)’
. =Vard: +(,A-o)2 :

..l. o .



2 o have developed detarled feruhzer response equattons whtch are crop speC1f ic: and accounl forx

SR f.theld

R ._.-predrcnon purposes Common varrables consrdered m yreld estrmatxon mclude weather

' "-’iherbtcrdes other technolog)'. mtrogen level and sorl type Several Western Canadran studres
;:"«'sorl morsture and growmg season precrprtatton Heapyspet al (1976) developed equatrons ';'..*: .’--

,'-extractable phosphorus for central Alberta Robertson (1974) determmed the respOnse of

j.‘; wheat to weather patterns at Swrft Current Saskatchewan Bole and Prttman (1980)

L '_'precrprtatton and mtrogen f ertr,lrzer The ef fect of crop rotauon and f ertrlrzatlon on sprrhg

- _wheat yreld and morsture use in Southwestem Saskatchewan was examtned by Campbell

- 'recervmg 1o nrtrogen Vartabthty was attnbuted to growmg seas0n precrpttatton and average

" spnng sorl moxsture

o are known or controllable. estrmatron errors wrll be reduced rf effects on yreld from these

o known mput output relattons can be 1solated
- a_adequately def med f unctronal relatronshrp to work wrth mtrogen fertrlrz.er was provrded by

' :v-on nrtrogen by elevator pomt however rts relatrOnshrp to yreld does reduee error in yield

: .JEq trons were developed by Len Kryzanowskt Alberta Sorl and Ammal Nutrm(m
; '.Laboratory. 0. S. Longman ‘Bldg. Edmonton. (beffrctents are based .on’;
. test: area. for spnng wheat malt barley and eanola

T

Equatrons m the f orm of prodttctron funcuqns have been developed for yreld

o

{-Zentner and Johnson (1988) usrng dat't f rom 1967 to 1984 The 18 year average grarn ytelds
v_were greatest for wheat grown on summerf allow that recerved phosphorus or mtrogen and

phosphorus The lowest ytelds and greate!!f"vanabrhty were reported for contmuous wheal ' ,

4

Yxeld TeSPOBds both to decrsron vanables such as ferttltzer crop vartety and herbtctdc o

_ and to predetermmed vanables such as sorl f ertrltty and morsture Uncontrolled varrables such_: S

as weather mteract wrth the decrsron varrables Smce yreld depends in part on vanables whrch :

R

.9__.’

e g
For thrs study, suffrcrent mput data were only avatlable f or mtrogen ferttltzer' an

"'v-’.Alberta Agnculture J The aggregate mtrogen data are only a pnmltrve proxy for adjust&t

Vmﬂa‘ SOll U ,




: where N —nurogen supply sonl mtrogen + feruhzer - e

3

ot predlcuon and 1t allows development of a model whrch 1s adaptable to mput data The

cquauons were of the f ollowmg general fe orm

~B,N /(Bo+B,N B;N w +B.N w1 ..."f?f T

el

. ‘ W morsture growmg season precxpttauon + sonl monsture

Baﬂev b“ facre= W—#W“OOW

thal bu /acre.."j" = _ i
o J000NS.
C‘“’°‘a b“ ’ acre= = 63+1 TN, 0083N w+ 0000122N w: ,

’ The morsture value used m the above equatrons was set at the mean provmcral htstonc

-

value of - 368 46 mm based on mean sorl morsture of 36 mm and mean precrprtauon

Subsututmg the constant 'w" mto the equatxons results in yreld equauons as a functmn of

mtrogen supply

A . 1000Ns -~ . - o
1 Ba"ey Y‘e’d“ 931 TN SI6N 3258N R
N l000Ns . o
2 Whea‘ ”""d‘ SEN TR AN - ST6N_+ 3394N
I(X)ONS :'l

o _3 Ca"°‘a y'eld‘ . 63+1 76N TSN, +1656N

. ‘Equauons vary wnth sl type and crop vanety Medrum fme soil texture and

ST 'rhe f olmeg equauons were used . esumate yreld a;socrated wrth o' t_ilizer-'applieat;iort‘; A

-medium . spring $0il ‘moisture was used. Phosphorus and’ potassrum levels m assurnéd

: adequate ‘Most efﬁcxent form: of - apphcatlon ‘has® been  used. Growing - season
precrpxtauon was. obtained’ from Probability of Precipitation in . Alberta; ‘Alberta,
; _-Agrlcplture .Conservation and Development Branclr Mean soxl mtrogen levels ‘were,
. used over a 23 yea’r penod ’ T : v




Dunng the penod under stu'dy. mtrogen fertlhz.er was presumed to be used at most

g

) coumrv elevator pomts Under usual economtc‘assumpuons mtl‘ogen use would vary over

‘ 'ume in response to gram pnoe and nitrogen pnce Smce these pnces are lrkely to be

R approxrmate‘ homogeneous across all elevator pornts they would exercrse a homogenous

1nfluence on. f eruhzer decrsrons across these elbvator pomts Usmg thrs herorc rauonale wl’nch

was necessary because only provmce wrde data on ferulnzer use was avatlable the assumpuon

' was made that ferulrzer use varred homogenously across elevator polnts over ume The '

T applrcatron rate of mtrogen was based on prourncral data f or nltrogen use obtamed f rom the '

Alberta Stausucs yearbook’ Observed yxeld is treated as a f unctlon of mtrogen and yreld

SN unexplamed by exogenous mﬂuences Estunates of yreld mcreases f rom f ertnlrzer use were then

based on d1f f erences in expected yxeld from the hrstonc means duc to, fertrlrzer apphcauon

3

These changes weré added to the mean of the afea. ot elevator pomt wrth the followmg

o procedure

Calculate yreld yf each year based on the grven productron f uncuons and each year s : Ve
fertllxzer use. S Lo . RO '
2 Calculate annual yleld vanauon Ay due to femhzer use by subtractron l' rom mean "

calculated yreld

o s Ay yn yﬁ where yf -predncted yleld based on feruhzer apphcatlon and yf = mean:_‘;

T ’ estrrnated yreld from'f_,' applrcatron | ._ | o .

- 3 ‘At each ele)gator pomr ffoﬂn a total yreld estunate y f or each year f rom hrstonc mean
. | yreld plus the provmce wrde annual yreld rncrement attnbutable to fertlhzer. .‘\ | ‘:'-ﬁ

e \ ' Predncted yneld (y) is therefore equal to the: mean eleva’tor pomt yneld for each crop plus a
L province wide annual adjustment of yneld based on changes attnbuted tof ertrltzer use. o

E : > .‘;‘ ‘ . ‘..‘ . {\ o . : )

L Y 4

’Reported feruhzer sales in tonnes dwrded by mtended seeded acreage obtained frorn

_ i % Agnculture Statrsucs Yearbook Agdex 853 10 e e «‘2& R




o Sl 'Aggregauon

_ Several studtes have demonstrated that aggregated data unless perfectly correlatedf_'ﬁ- : /
- .-_j"bctween f arms are less varrable than mdtvrdual f arm data (Carter" _nd“Dean 1960 A

o 'Etsgruber and. Schuman 1963rand Sregfrred and Hall 1987) Thrs aggregatron problem is- '_,

o partrculartly charactenstrc of yrelds rFarm level data arc scarce and prame wrde or

o provmcc wnde data results m an averagmg out of localcrop yreld drsturbanm Yteld

~

o jvartabtlttv mcreases wrth drsaggregauon seemmgly due to tndependent local weather
B ef fi eCts For thrs study yreld estrmates f or- wheat barley and canola were obtarned from _‘
e ‘Albcrta Wheat Pool(AWP) crop reports as esumated by elevator managers The AWP ,;:"‘;_' o

: "data are aggregated across f arms wrthm the elevator pomt area but thrs level of

a aggregauon may bc representattve of condluons that a large scale f armer may expenence

L dtversrﬁcatton S L \ D

N ; A data had been obtained at the quarter sectton level reaggregatton rrught be requrred to .“",.,'” f

o ref lect vanabrltty of larger f armers whose f: armmg system mclude consrderable spatral

Yleld Data o - ] : ,. 'h
ln any one year of the 13 year penod the greatest number of reportmg elevator
‘ ".. pomts f or wheat and barley was 293 therel" ore: there Were 3809 possrble data pomts f or ' “
each crop Approrumately 9% non response occurred in the wheat reporttng and 9. 5% m ) 4" ‘ 5
barley. In canola the greatest amount of reportmg elevator pomts were 262 Ol‘ a ' _
l Vpossrble 3406 data set 8. 9% non response resulted A portron of the non- response may be
.' attrtbuted to shut down of elevator pomts however a proportron results from R
‘_non reportmg on the part ¢ of the fhanagers - S e ‘ ‘_f;.gf .
| " | Vartabtlity m yneld may be attnbuted 10 two souroes. physrcal agronomrc o
o } relauonshrps and statrstrcal relattonshtps Thts study will conoentrate on the statistrcal | |
| .charactensttcs of the data and use them to measure nsk Agronomrc l‘actors such as B

o drsease control resulung from crop rotatton may have an rmpact on vartabrhty. however -

‘ data do not allow for thts type of analysrs

~

e



ln an cf f rcrent rnarket the hest avarlable predrctor of prrce For or a crop xs the pncc for:-”-' TR

e }' f uture dclwcry at the trme the cropplng decrs:bn is bemg made An effi ncrem market 1s one m

"_".;:..allocauon ¢
"‘ f'."')'-:-'jof the crop and pnces predrcted by futures pnces MSE —z(l”l 5 1) /nt ln thrs MSE

B time: of thc crOppmg decrsxon 1e a March pncc of a contract f or delwery next spnn.

PR frnake a producuon deCISIOn in Apnl thc
:_P e 1s the actual pncc for tﬁe product that I

e " :surround the accuracy of forecast the MSB of the forecast

i ,‘channel wrll be the- xmtml pnce "

- -‘whrch pnccs reﬂcct avanlable mf ormatron and provrdc accurate mgnals f or rcsourcc L

Vanabxhty m cxpected pnces 1s represented by the dlf f erence bctwecn realxzed pnces

| esumate for pnces P represenls the predrcted pnce fnr orie penod m advance madc at the
3 To

¢
. he.

ucer must fonn sOmc nouon of cxpected prncc

hn ,'y be]ocked in at one half y'

. -demsron The subscnpts on pnce desrgnate the crop i and the ume va.lue ( 5 or 1.) In thc case ':l': Al

of a spring contra& once the quanmy 1s known w1th ocrtamty in the fall a guaranteed prioe g%

may be lOcked in vra rhe futures market The crucral vanancc rcmammg is tha‘t wmch

a.,' Lo

L Predrcted pnus are based on the best available forecast of price. Wheat is usually‘ e
" marketed through the Canadxan Wheat'Board (CWB "A'pnce predxction hased on ttns marketl"f'" "._

' ‘;.__unqemcnt Adjustment for toncal' bias is possxble with

_ 'a factor of (zm.lwed pnce/zmrti&l'priw) makmg thc ptedxctor unbmsed Predrcted pncep is
set at 1mt1al pnce announoements nmes (zreahzed ptrce/zmhial;pr!ce) lt il,plluslble m&




B _v:f.!mrllmg grades of wheat The March pnce of a Decembsr contract served as the predrcted

"futures market . As wrth wheat December _'

‘ treat:ed as an mput cost and therefore not vartable R SR

; ' -‘,‘.pnce f or canola was set at the Novernber prxce of the January contract

predrctton f or the pnee component of revenue

5 .:..'_._}_.mf ormatton lres m'the exchange ad_tusted Chtcago Board of Trade whtch provrdes pnces for -

. \'

Srmilartly. predtcted prrces f or barley were based on two drfferent marketrng channels

N "'The mttxal Canadxan ’W}reat Board prrce announcement adJusted for hrstoncal btas was used as

e one source The altemauve pnce souroc of mformatmn on barley pnces was the Wmmpeg

‘i

rley contracts pnced tn March provrded the

o prrcc predrctton The March Wmmpeg ut es prtce for a January contract dehverahle at:

Vancouver was used for canola e _1 T T .7_ '_ T

.":

. Rather than address the rssue of whether CWB mrual pnces or f utiires market pnces B

) are supenor estrmators of reahzabie prrces*a half year in the f uture pnce estrmates based on

/

'vboth methods wrll be presented it subsequent materral

(Futures and the cash prtee would be expected to drf fpr m delive month by the

fphysrca] costs of the dehvery (transportatron costs storage costs, and quahty adjustments)
R : _Thts prrce drf f erence lS the basrs’ Basrs 1s consndered to be more stable than the pnee \level

. 1tself and theref ore predtctable For the purposes of thts srudy, basrs has been unphcrtly N

g

s :'Actual pnces for board markettngs of . wh‘ba,t and barley were deterrmned as the o |
o realrzed pnces the sum of all’ payments regardless of ttmmg In the altematrve f utures

- . markets. the November prrce of December contracts served as the actual pnce The actual

The fouowmg table summanzes the prtce senes used m determmg the error of .

Ly

O ’Priees were obtamed from the Chicago Board oj' Trade( CBT ) Stattstlcrd Ammal
. ~Grains=Options. on. Agrtcullure Futures 74/75-86/87. .

- -'Prices were obtamed from The Wmmpeg commodity Excllange( WCE ) Staustical

.- Annuals = _

- "Basis is defmed _as the drfference between the futures and spOt pnce m the

dehvery penod




: c_foz ] " 2

Wheat ;. CWB ad] mmal
_ LT CBT Dec m Mar
Barley ) : QWB adj mmal
Barley(alt ) ' WCE Dec m Mar

Wheat (alt )'

Canoia s _ ' ’_-.V"‘;" : WCE Jan in Mar' ',, :~ " WCE Jan m'Nov L

(alt )‘ —alternatrve market channel
@ AR

Qualrty adjustment 1s accoxnphshed through a grade factor ’I'lus factor accounts f or
grade“lhss due to such causes as excess heat frost and f all weather condmons durmg harvest
| The factor is both quantrty and pnce related Calculatron 1s determrned by.,, - :?' S,

- -—-zw P, /P
s,} EY J,g( ) S R
where W.. jig & 1s th&proportton of crop x at each grade in each census dw:Sron as reported by

' ', the Alberta Wheat Pool 10 The prOporuon of crop by‘ade is then multxphed bY 8 P"°° factor:, ,

fch ad]usts a dxscount assoctated thh lower grades Pi 8/P values are avaxlahle f rom

= relatron. "'ps between annual CWB payouts on wheat and barley“ For canOIa the Sfade ’ “

A
\ dlscount fa tors used were obtamed from Alberta Harl and Crop Insuxam;e
Corporatr"‘ (AHCIC) :ecOrdsrz\";, B R R

. ..':M s E g‘y = Z (gjfg,j ) /n Bras Was not evrdent in the error term. therefore no adjustment
el AR ‘,g S e ST

;-grades relattve" to .-totall payrhents frqm'..Wheat Board Pa ts
B eatand No.1:Feed barley. as’ reported i ,,‘M‘Izdxrlwlmral Statlxtlc; :Ygarkbok
»Agdex 853 10 and Cauadlan Gr&lns Industr; ‘Sxazmwal ‘Handbook, Canadian- Graing




s equired.
) _Revenue

‘ "dtstnbutlon Error in revenueestuftatron n
' and (3l .
o Vanablhty each ol" the components was determmed separately Predlctron of each of the ‘ -

' compOnents mvolved some btas ad;ustment

B lnsurance Modlftcatron R

4 "'may ’ﬁse crop tnsurance Govemment crop tnsurance offers farmers compensatton for *f

R '_'shortf all f rom an rnsured yteld and allows farmers to engage in an actrvrty that they may not h

otherwxse engage m ‘Payment f orrthe shortf all 1s based On a preset pnee Yreld has been -
Aggrade corrected (though thts pohcy wxll change for the 1988/89 crop year) The amount of

tnsured yxeld lS deterrmned f rom hxstoncal YICld m the locahty, or at the optlon of the - '

» .-.i'-"msured from htstoneal yteld on the mdrvndual l'arrn Thrs msured level represents a . .

e "percentage of annual yreld average over an hrstoncal trme PCHOd

S Y

' ..acre Wthh 1s needed to sustam the msurance program It rs et;ual to expected average annual
o loss One half of the total aetuanal premlum is subsxdtzed by government as ‘well.as- all the
- 7: admmtstrattve costs Alberta crop msuranee operates withtn a non prof it context Insurance

' K coverage is. ofl‘ ered at etther 60% or 70% of lnstorxcal yteld averages for all soxl classes and at

_ two prtce opttons. For the purpese ol‘ tlns study, a coverage level of 60% of a grade ad_tusted ‘._t
“"'-"'"'.-elevator pomt yreld average was selected Such a ' |

gy payout 1s consrstent thh current AHCIC program practrees to encourage mdtvrdual coverage

lt' t y1t tgll

Frpine < .{f" C where C
The MSE ol‘ the revenue fOreeasts pr(mcles the measure of revenu .'

" ytl ngn

ﬂ'."

4 -

Natural uncertatntles m weather mcludtng f rostt haxl flood and drought cause yearly

E ',‘ﬂuctuauons m crop yxelds Farmers m an attempt 10 contam thc unpact of such fluctuattons

~

W

», o—

ln Alberta crop msurance is. hmvrly subsrdwed ‘The actuanal premrum 1s the f ee per

.

' '.Tlus type of coverage lS determtned by the farmer s past ytefd averages The top pnce optton

m . B

B ".‘”



'?Wheat .
, Wh fat (ah)
‘. '3‘.'5‘-Bafley g o
| “"iBaﬂey(ah )

Whea (alt )

Barley

Bafley (alt )

Canola

i AWP by elevﬁ.. : fﬁ_f PR
,;_‘._AWP by elev: A

» AWP by ,eleV-_f':’AWP byCD | ACWB reahzedv

. AWP by 'elev. AWP: PYg__§C+D,._ ' Wc'r:_ ,;

'f'r*ﬁffequauon. \

blé 3.2: DATA SOURCE LIST® - - -

B Gamin. o et Den

s
CBT 2
DCC mNov =

pt.- Lo

'f--"?‘?.‘?"fl’{}iyv,;.elev;';-',,;'Awp by c‘-:D “"\ WCE

ot S Dec inNov. -

: Soxl lab -~
equanon
;» SOﬂ lablL;iu“ .
o ”*'S°“-*13.b1;.::f‘;".'

o eql»latlon




f‘"of actual crop revenue to : " B '-
'.'1_1ry - o e I. o |

e “—-(,66) yngn) Pn ¥ anngu Q o B
2 lf y"gu Gy | e L .

En ‘.'avallable i approxxmately expected market prrce so f or thls analysrs the pnce opnon ts set a

8 p the begmmng of year expected pnoe used in. determmmg expected crop recerpts

The appltcatton of 60% msurance on an mdwrdual farm basrs results m modrfrcatron

1tgtl< 69

R contracts must set premlums to cover expected losses Smce government crop msurance is

EE heawly subs:dnzed expectauons of revenues should‘be mcreased as’ a-result of takmg

to: -

| -'-msurance Gtven that the govemment pays approxrmately half the expected payouts the

' expectauon of mcreased revcnues Was set at tw:ce the f armer premtum Provmcral yearly

C C % 2(prerh )

. ll‘

5 " hnstoncally hxgher payout expenence The new expected revenue wrll be

Although generally expected payouts plus admmrstratton costs should equal premrum

btas may be mtroduced from thc above procedure Tlus results because crop shortfalls on

.',_i‘-mdmdual f arms are the basts for premrum settmg, but thrs' study 1s based: on’ data aggregated
" . fj'._"‘at country elevator pomt Theref ore calculated payouts m thts study. analogous,to those on

| ‘l‘ arms with consrderable spatlal dwersrf tcaﬁ’gr't would be less than the payouts on wlnch actual
- _ -.premtumyare based A farmer may rattona}ly base an adjustment of expected mcome on loca.l

o _lnstoncal payout expenence An adJustment facto will consist of (zactual regtonal msured

n

revenue/zactual regronal unmsured revenue) whrch adjusts revenue expectatxons in

- : accordanee wrth regronal htstoneal payouts Loeal adjustment compensates for areas wrth

s ,"‘:C =C (zmsured regtonal o /zunmsured regronalC) OISR

¥

. Tlie revenue vanabiltty as a result of tlrese modrf 1cauons wrll m furn be compared to

) . -_revenue yanabxlrty w1thout 1nsurance to determme the nsk !educuon effect of msurance The

- premn}ms were' obtamed (r%m AHClC By thxs rauonale expected revenues*.would be modtfied. _ o

::jsé, 5
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data sources (natronal and provmcral) e e T _j_lz S

'_;A'.'EXM$!{§fion'of-Data L s e

\

ln lhlS chapter tbe frrst sec n presents the results ot‘ how well the yreld and pnoe
data conf orm t% nonnaht

The aggregate form ol' the yreld data is also compared to other

ln the second secnon of thrs chapter,.the approaehilo nsk analysrs deprcts the decrswn

i Mﬂn terms of moments Results of the analysrs of the smgle penod decrsron model are

portrayed l'or each—crop m rsolauon ST A'." ‘l__v . FRRRET E :_' R R

»‘"‘

The thrrd sectron exammes the components of revenue vanatron and thetr mteracuon

Ef f ects of msurance on pnce and yreld error can' be deterrmned f rom the relatronshrp Tests

f or the presence ol’ serral correlatton in the components ol’ revenue error were conducted to i
determme exxstance ol‘ btas in the forecasts.- ", £y B e

.__f Drversrf 1cat|on ef fectmesultmg fromﬂerop combtnatrons are exammed m the fmal

sy

insu and prrce and crop lrl%ured revenues are based on mmlmum relatwe va?labrhty

Tests for Normahty o | L n -

The understandmg of stochastrc propeftres of cro /yrelds 1s uS'Bomnt m nsk analysrs

Suéh an approach rs usually based on the assumptron of normal drstnbutrons Thts theoretrcal

dnstnbutron lS poptilar due to 1ts 1 amrhanty and extenswe empmcal support Jusﬂfreatron f or

o secuons COmpansons ol‘ dwersrf rcauon el‘fects between unmsured,.crop msured pnoe R

. ..".:

[N

the W1de use rs based on the Central Lxmrt Theorem In accordanoe w1th tlns theorem 1f x has

any drstnbutron wrth mean " and vananee a’ the drstnbuuon of (X -u)/o approaches the
standard normal drsysbuuon as the sample sxze mcreases Theref ore the dxstnbutron of x m
large samples is apprommately normal wrth mean u and vanance o’/n ’ ; _‘ hl ;

' Drstrrbutrons are charactenzed by therr moments In norma,L drstnbuttons the relevant

moments are those descnbmg symmetry (u,) and' peakedness (u-) Symmetry or skewnecs and

kurtosxs or peakedness may be measured as follows LT ».§-_ T a
l’ﬁt—“s/ﬁh 3_ 2 aﬂd ﬁz—m/u: R B R A o ST - L".f; ,v

- ('l.“_ -

-




conf 1dence level wheteas barley and canola approac' f nmmalu@ the 90% conf' denoe Ievel -
Shght posmve skewness 1s evident m these yleld data‘ however not &gmf lcant enquh to

o level and * at the 10% level




'l-ﬁ.’

] Ce . : " . ,';; 0\ K R : .
3 Tablc 4 2 CHI SQUARED STATISTICS FOR NORMALITY TESTS OP YIELD DATA BY

' REGION o

REGION Whmt
L igme

.00001°**
© 0s55**

L7082
00s9%s

1175

o .0265% -

08190
.0423%
. ,02_.5“8“..V

9263
60611
‘.{1904f,'

Barle)
| s
o ..0113‘fv'

60

,Oiélf‘V
BUZ I
".1753? _}'I

- f;0434" =
oo
"f;0344-';'
. 0030;

n ‘Caftiola.‘, 3‘
©.0386%%
’%‘rhau :
017.‘I 
f_”0134-f1f
. 0814t I
T

f;osalir'“"'

0268“
0383" '

,%: o

‘Most e]evator pomts 111ustrated a normal d ;tfnbuuon In the wheat yleld elevator

POlmS in- chtons 8 and 11 demonstrated a po%w.; skewness and the elevator pomt in Regxon

. _12 was leptokurttc Leptymlc refers 1o dtstr;yﬂ

tions whxch are more sharply peaked ‘than’

S ?normal dtstnbutnons Elefator pomts in Regtons 8 and 15 also| showed pos1t1ve skewness m o

"" " barley Only the elevator pomt in Regton ;ﬁ’dld not prove to. have a normal dxstnbutlon for

' ‘Canola welds Both posmve skewness an, eptokuruc propemes wete ewdent Although these "

I rcsults are’ based ona small sa'ﬂ'rp(e

v"e,'trend toward normality is evident.

o388

6213% 7



- ‘CROP& - ‘. _‘ | al.é . a} . % .
0 Wheat el 000088 T 008

e . . . R o L e .

" Table 4.3 TESTS FOR NORMALITY IN-AGGREGATE PRICE DATA

CBadey T Tt o s o 2029'

CCamola o oeeodse oot e 2026"7{'-'.-‘;

ooy o003 L .,,2023*{ o

\ e . 3 . . . '» Lo 6 - .

4 Table 4 3 reports the Beta coeff 1c1ents and Chl squared. stattstnc for aggregate prrcc e

. q

data B, does approach zero however B, 1s not near 3 The Chl square statrsttc suggests that7 s |

e the prrce sertes may be characterrzed as norma]ly drstnbuted at the 90 % conf tdence tnterval R R

' '.'These prtce senes drd demonstrate some platykuruc or flatter curved charactenstrcs however Lo

' '..-;the drstrrbuuons are symmetrtc - ‘- IR ' ." e ’_“-/ﬁ{ :

v_ ,Companson thh Estlmates From Other Sources

o

i _ that of reported by the Alberta Smusttcs Yearbooks the Alberta Wheat Pool data were T L

aggregated across elevator pomts Such a comparison exammes the reliabthty of the data The

. f ollowmg graph 1llustrates the srmrlarmes between the two data sources

To compare how well these data correspond to avarlable aggregate f orm data such as



o '_ vbarle\ has hngher ylclds followed b) wheat and candla Ovcr the ume perlod sxrmlar turmng \

3

hgurc 4. 1 Companson of Albcna S{al:sucs and Albena thal Pool Yield Data R

; -.\fIELO':'(‘Tonnes'/ocr'e),. o T

Covems
. o Albevto Borley SR AwP 'Borle'y x A,bmo COno,o S

) ) Alberto Wheal E +AWP\VH£AT S o Y AWP Canolo . - :
Flgure 4 l 1llustrates how well thc two dala sources {rack one another As expccled

| :_pomls were 1denul‘ 1cd wnh Lhe exceplmn of 1977 f or barley and canola Thc AWP esumates '
’ were shghtl) lower than Lhose of Alberta Slausllcs ST '
P | Table 4.4: TESTS FOR HOMOGENEITY OF VARIANCE OF YIELD o
R ,'ﬁ_ R "-',_.S’, o 'logS’ : (n l)logS2 l’ Q/l# °
A Wheat 016 ..'_."‘ Coaoes T o a0, ams
' AWP Wht_:al - 'V R - _82’16,6' 3914 : B 4pom2 B
"AlLa'.‘Brl_.y. B o | s a1 o 49897 ,
e AWP Bily. L am L sas
| ‘Alla Can B BPRER a8l 3502 T 4206

t

_S—vananceofyxeld SRR R

Q nlog Zn /n s’ Z s’ }Zln log s2 and l—l' + 1/3(p 1) Z (1/n 1/n)
S o T 3 B e B L=l L
Q/I—Bamlen stestf or homogﬂmety of vanances Q/l stausuc is d:stnbuted as X2

-
y-



R

The results show that the Alberta Statrstics data contagrls more varrabrlrty tlf'an the

. AWP data m all three crops however barley variance was homogeneous at the 95 %

7 conf rdenoe mterval Wheat and canola vanances were homogeneous at the 73 and 71 per cem

e ._',I'_conf rdence mterval respectwely Whrle AWP results mamf est moderate dtl’ l‘ erences from

W

' '1 AWP are based on 2 1arger sample srze

S 2. Estlmates ifr the. AWP data ate based on drre

R vanabrlrty in revenue results

‘ ,fas./z (y -9, )’/n Thrs measure is the RMSE or alte"f'

R yield. estrrnate‘ -

i “f.'results from devxanons from mmn grade factor ealculanons The mean grade factor is v

; 'multrphed by a drscount associatqd wnh pricmg ,,gv
.;"}R M| SE, ) SV EG ‘1 gjl) Y. s ‘

vi"those of Alberta Statrsucs. there are two reasons 10 regard ,.{\WP data as superror

f}}ln some cases a farvner may dehver a f reld 's crop ‘and caldulate actual yreld at thc

elevator . e
:.' o ! “
. vB Varaabrhty of Crops rn IsolatlonW R S ‘ .

Crop revenue rs comﬁd of pnce quantrty and grade f actor components The

m varrabrlrty in each of. the cornponents Thgleld componem L

: ;;-'-rncludes devranons from predrcted yreld estlmates ?redrcted, yreld (y) is developed based on

(et L L D

Srmxlanly. devrauons from pnce predrctron are‘:used 1o determme the Standard error

l.

. 'vassoclated‘ m the prroe expectatron process Predrcted pnces are set at prroes f or f uture delrvery
L ‘whxch are futures cqntract pnces or uunal pnces f or board marl(etmgs. Actual pnces are |

' __}determmed from the futures pnce of the same contract onoe quannty is known, or the/ ] :' o
: b

W

; o : reahz.ed prroe for board nrarketmgg RMSE m pnoes i v‘ L (p ‘-p )’/n Gradewambdxty R
5 e

: .developed f rom hrstoneal data on the poruon of crop at each gr;ade by oensu div:sron

(P /P).

b

n‘.,,v.

‘:..'. }ﬁl ji

e 3 o5 N e
Revenue is ~'determmed a,s pnce tnnes grade factor umes yreld"RMSB assocrated with v

_taggess 10 producuon quantuy mforrnatron




o calculated as. ./ z (c C

- presented ,m terms of RNSE =or the standard error of the predxctron Tables 4 5 through 4 9

S 9 ,
";_,report the actual and expected revenues as: well as the MSE the RMSE and the 95% L

- conl‘ ldence mterval around the RMSE for eaeh crop revenue senes by regron The reported
o MSE and RMSRstattsch,are dtstrrct w:de or provmce wrde means ol‘ MSEs or RMSES
B calculated at mdmdual country elevator pomts The reported conf tdence mtervals are the

: respecuve means ol' the mdrvrdual elevator pornt conf 1dence mtervals SR L . "_ -

Provmcrally the lOWest MSE and RMSE were calculated f or CWB Barley revenue

) $1223 2 and $34 975 pcr acre respecuvely The RMSE measurement of nsk varred from i
L ow of. $20.65/acre in Regron \12 to a hrgh of $54 86/acre in Regron 5: The provmcral RMSE

3

. vl’ or Clucago wheat revenue was $35 40/acre f ollowed by $38 328/acre in: Wmnrpeg barley R :

YR revenug $43 09/acre in CWB wheat revenue and f rnally $48 86/acre fdr canola

'-‘_RMSE/e o PR ’I,
: market data Pubhshed secunty market vanabrhty is m the f orm of standard devratrons

. " ’Standard devrauons in securrty markets is equal to (RMSE ol‘ end or perlod cash

Chtcago 1 utures prtces on wheat Jvere 1used as an. alternattve market channel to CWB

; mmal prrces The l‘ utures pnees were more accurate as predtctrve prllces as‘rs evrdent by the
' lower RMSE assocrated wrth Chrcago revenue On the other hand CWB 1mt1al pnees were o
L better predrctors m barley than Wmmpeg f utures market pnees agam 1llustrated bylthe- v

. absolute rrsk measure R _ ’_ ’

The coef l‘rcrent of relatrve devrauon or vanatron (C V ) is a relatxve measure of‘

. '.'_varlauon Thrs statnstte\éznables compartson of nsk m crop revenues between crops smce rt is’ ; .
o mdependent of a umt of measurement lt expresses nsk relatrve to gross sales and rs calctrlated

2 as the absolute measure of rrsk (RMSE) lelded by the average actual crop revenue (C)

\"_'» . : [

."-

Ad_tustment of C V calculatrons potentxally enables drrect companson to securrty

'nows)/(begmmng of penod mvestment cost) The C V sin thlS study are calculated as

. RMSE/revenue Therel'ore a eonversron ol' C V 10 the equrvalent of a secunty I51arlret - R



S standar, 'devratron would 11‘ cost data were avarlable be aecomphshed | "y

: ;St dev --C.\l [mean expected crop recexpts E/Erean expected crop costs] o o

L

' s_wheat revenue

Theeoeff 1crents of -vanauon suggest ée ordermg of varrabrht'

CWB ey (“3064)~ecanola (:3228). CWB whea (. 3359) and barkey (3979):

v,..‘

‘ Conf rdence levels amund_ the C'. -s Were constructed from the upper and lower bounds l' or

e VVVRMSE srgmf rcance levels Wanmpeg barley and CWB barley contarned large conf rdence ltrmts L

v"' ’

L "rangmg from 30?.2%1,0' 3683 ! Wmnrpeg barley and 2757 to .3371 on CWB barley

ZJ T Regrons

, than that of the

d.__15 shbvﬁ srgmfrcantly hrgher nsk in wheat revenue error estrrnates s

“e of - 30 Regrons 2 and 3 also reported the hrgher absolute

Nk L

: ?‘*rsk levels whrle Reglon 5 v lower mcome Regrons 4 10 and 12 reported stgnif rcantly
o Iower nsk than average Barley revenue rrsk was srgmﬁeantly hrgher m Regrons 1 and 3. The -
S s 1 or canola revenue were srgmf rcantly rugher in Regrons, 1-6 and 15 RMSEs l‘ or canola o
’ ‘\\revenue Were srgmfrcantly hrgher than the prthncral average in- Regmns 1 2 3 S 6 and 8 |
yAlthough Regron 8 reported htgher absolute rtsk average actual tncome was htgh as well .
S Results using the CWB wheat revenue were more vanable than tl'rat of Chrcago wheat revenue‘
. ealculatrons wrth Regtons 2 3 4 and 15 as thu’ regrons 'wr ;{:lughest vanatron Regrons 2 and 3
o ':. lrkewrse reported htgh absolute nsk Regrons 4 and 15 resulted m lower mcorne likely &
" ._: attrrbutable to. loWer grade of yreld ‘l'he CWB barley revenue however was less vanable than

.that of the Wmmpeg reyenne calculatrons The drl‘ferences were not srgnifrcant Agaln

L S Regrons L 3 and 5 mdrcated tbe greatest vanatron Regrons 3 and 5 had lugher RMSE and
»Regron 1 reported lower actual mcome Although generally, the southem regrons demonstrated

o ’;]_'tgreaterrelatrve vanabrlrty. it should be kept rn mrnd that these regrons niay expenenee more
v . ﬁ)ot growth Consrderatron must also be grven to the fact that no drstmctron between crops
o ; grown on stubble or f: allow or to cropprng rotanon have been rncorporated rn rhe analysrs '
e Bar graphs of the relative vananon for each erop l‘ollow Drfferenoes are ajqparent by region
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C grade nsk the standaxd devxatmn of variance of these components and the correlauon _f o Qf s
E "‘coeff tclent or covanance befween them Revenue may be represented as the Jomtly dtstnbuted e
L random vanables of pnce (p) and non pnce(y) components w1th the expeetauons E(p) and

. | E(y) respectwely and vanance V(p) and V(y) and covanance G(p.y) Followmg an approach

"_then &evenue -(e +E(p))(e +E(y))

, 'revenue expected revenué— €. € +e E’(y)+ € E(p) Cov(p y)
{smce V() =E( )’1and V(p)- E(e ) '

. » and Y are btvanate normally dtst‘mted then the thtrd moments disappeax and
E[(€ y(e, )’]— V(p)V(y)-l-ZCov’(p,y) _;--’ R / o
o ‘ ‘;"‘The vananceequatton thus reduces to. T R ‘ '

S Vo= E=<p)v<y)+E’=(y)v_(tn +2E(g>E(y>c:ov<p.y)+V<p>\é(v) +0°V’(P Y’

,’ | between p and ¥ If P’ and y are stochasumlly mdependem then, i R
o V(py) E)V(Y) + BNV () + Eg(. (e

_:‘ i‘ of the standard devxauons It measuxes the st:ength‘ ':f assocmuon As tn the case of

Y _:'covarianoes two independent vanables ate ung or

Dtvemﬁcahon Effects of Revenue Components ' -_':. . f 3 LR

The f actons whtch determtne the nsk of a crop revenue are. the pnce hsk yield nsk , ,‘".,ix_- o

o "proposed hy Bohmstedt and Goldberger (1969) f of determmmg the vanance of a product the

problem of exact vanance may be def med as

:"'.'-"V(m = Elpy E<vv)l’ S | (
Vs e =p- E(p) and eyl—y E(y) | " | S |

P

_ b.é'y+e E(y) +e, E(p)+E(p>E(y> /

: ]u*,{E(py) He o VE@ED - P T

| ~’-—Cov(p y)+E(p)E<y)

Py

“‘v

| therefore: V(m E*(p)V(y>+E=<y)V(p)+ El(e,) =(e =1 +2E(p>B[(e )(e )=1

+2E(y)E[(e )’(e ]+2E(p)E(y)COV(p y) COV’(M)

| ,_Ez(p)V(y)+E'(Y)V(’P) +V(p)V(y)+pfpV(p)V(Y)+ 2E(P)E(y)e o R
The last pomon of the equatton shows the mponance of the correlation cOefftcient -

.’] +ZE(P)E[(' )(‘ )’] +2F-(Y)E[(0 ) (¢ )]
The correlauon coefftcxent ts the cova:ianee standardiwd by dtvnding by the}product”

ated by uneortelated vanables néed riot




e ccmponems l‘ or each crop revenue appear in’ the ayppendngO o ‘, S

-

- ::\

LS AU

' '_ or one 95% conl' 1dence mtervals were e’stablrshed around p “This procedure requrred the

- necessanly berndependcnt The correlauon coeff rcrent is rndependent of change of ongm and -

“ ; same The correlatron coef i ;crents and Lhe covarrances of the prrce yreld and grade rrsk .‘

:

o

: ,-'aS: , :J‘ S

n'c -

s p//(l p’)/nz o o e

soale ll is essenually a coeff 1crent of lmear rnterdependence As Ipl 1ncreases the

‘6 . N
mterdependence mcreases unul when |p| —1 When lrnear correlauon is. small p is near zero
r correlalron were posmve umty, drversrf rcatron could do nothmg to elrmrnate nskr Imperfect

correlatron 1mplres 91at drversrf rcauon may reduce nsk The srgn of p and covarrance are the

v

To esrablrsh whether Lhe correlauon coef ficients are srgnrl‘ rcamly drfferenr f rom 2610 -
ﬂ . -
transformatron R »-', S -':« o .. j'_';, g

Z Sln(1+p/l p) whrch rs approxrmately normally drsmbuted » _' S R

>‘

Conf rdenee lrmrts l‘ or Z are sel by the standard error Sz Sz-V (]//n 3) \“ ‘
The conversron of Z 10’ p was set by the for@ﬁ“; p— (e’Z 1 )/(e’z-l»l) N

To Lest the null hypothesrs that p-O at- stausuc wrth n-”2 degrees o? f reedom was calculated

i . ,
The l‘ 0110wmg table presents the prrce/non prrce correlatron and covarrance results on .

a provmcral basrs Those corrclanons whrch were srgmfrcantly drfferent from 0 are mdrcated

by a double asterrsk The numbers in brackets are the covarranees “of the two components ll

aPPendrx ; C -

vl - o . S o

v
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Lo f "} _ The nge in. total revenue vanablﬁ/ty resultmg f‘rom a small change m pnce or

‘non- pnoe error may be calculated by takmg the pamal denvauves of' the vanance of zhe joml

."‘..

N .lvégL = 45 V(p)+25 E’(p)-{- r[2re V(P)+2F(p)E(y)e ] = : R
' y ) : = LR R a . e .':"“"" .‘ .1
| —a—‘—la" R) = 4e V(y)+2e E*(y)+ r[zre V(y)+zE<p>E(y>e 1 TR T
R _— . : , S " * wot
Note that the conelauon coefficxents p}ay a pemnem role in the parua] dxfferentiauon e
A

_ kaewxse cons:dcr the suuauon where en}:cr non prioe or pncc error ate elumnated
. '1f ey—o V(R) E*(y)V(p) and R S

if e)=0; V(R)_—E«p)wy) | / u- ,r;; LR




B ‘be Regrons 2 3 and 15 Closer exammatron ol' the reglons shows that mjlegron 3 and 15 the
: .pnce/non pnce correlatrons were not diffi erent frorn zero The covananoe in Regron 2 was
- negatrve but thestgmfrcance was lower than average Stmrlanly. Regron 3 pnce and nOn pnce
_components were uncorrelated for barley: revenue 'I'he nskrer regrons in Canola all g
"v-_"vdemonstrated strong posmve corrclauons between,the grade factor component and pnce wrth

“ httlc ?r no negatrve prrce/ yteld correlatton Rrsk in CWB wheat and CWB barley may agarn be

- . attnbuted to posmve correlatrons between prtce and grade factors In the case of' CWB barley,

v el . : .°

L th 3 negathe yleld prroe correlattons were stroﬁg K

' :Efffects:of;‘l‘nsuranceon Rlslt;Redt’rct'ion_ L

"

Crop lnsurance T At

Insuranee isa f orm ol‘ rrsk pooltng lndrvrduals f ace dlff erent probabrlmes of loss .

and share a common pool of risks. Pooled benefrts contnbute to reductlon in vanabthty
- Because ol‘ thrs vanance reducuon effect l‘lSk poohng has been suggested to mcrease

| . Tesources devoted 1o nsky culuvauan lnsurance will be ‘purchased if expected returns

. o\ :
:wrth msurance lS greater than wrthout Several authors (Ashan Alr and Kunan 1982 and

Nelson and Loehrnan 1987) have suggested that tnsuranee ereates meentrves for the .

\

. msured to use less 'et‘ f ort than 1s socrally opumal Problems arrse because the msurer o

;cannot observe the acttons of the msured‘ Arrow (19‘71) demonstrates the unportanee of

B the concept of moral hazard and suggests rate ad;ustmen;s to’ ehrmnate tt Nelson and -
) Loehman(1987) also suggest some second best solutnons whrch are lower cost than !

| ,’-publtc subsrdres/ o : | f B / | : | - \

'.gests were conducted to determme if rnsurance srgmf 1cantly reduwd rtsk on grarn

farms Insured revenue error esumates were calculated as descnbed in the prevrous

chapter and new coeff rcrents of Vanatton were determmed Tables 4, 11 through 4. 15

| 'lfpresent the new C V.s and thetr conhdence tntervals . S ,‘

”'- .4. o
o L. . 'y

LN
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Inc.*
i -’_110 a8

138.87

- 122.80

95.734

12848
1685 ¢

28 2T 13388
CA00 1726
a1 Y 13201
Co.120 0 1138
- .,_13 ' 125.89
15 L T 11031
Prbv Co 12105
“Ins,  Inc. -—Umnsured income and - Exp, Inc. "—Expected lncome R
CL"—9S% confiderice- level for root mean square- error(RMSE) (1) and (2) gwe '

112.02

1
2 12481
3 12318
DR S 96,02
R S U105 3
7
;8

121.31

129.69°
11818
133.98 -

118.33

14101 |

112.60-

12715
112,16
*120.80 °

B E)ép;‘ff "‘.".MSE .
~Inc.** '

892 89
- 20221
1589.0".

"563 89 -

~1045.4.
_‘j11_7l ;9'
-971.22

- 1086.8.5

-'849.79

1283 2.
612 62",
1134 3
"1062.2

-11104

upper -and ‘Jower bounds. .

“CLev®*=95% confidence- level . i‘or coeffxcem of vananon based on upper and lower
bounds of root mean square error (RMSE)dmded by mean actual revenue '

©119.82°.

upper and 10%: bounds o L T LT L
7 Clev**=95%" confidenct level for coefficent of : va,:_utioq baséd on_:upper and lower
el bounds of »root mean square ermr (RMSE)deed“by mean

18k, os,;_

CINS. qup
INGS INCs,
12167

.RMST-:)-

29881

44968

139863
23,746
32334

34,233
31,644

32.967

29.151 "
35821
24.751 -
33.679. -

32592 .

33323 .

i N (1)
32, 138'~

- 47.951

44,364
'25:.,887 ’
34:137
36699
33 307
.35, 858: .
30.742
79
127,565
-36.816
34m3
1 34.025-

INSURED CHICAGO WHEAT REVENUE

- '(2)
' 27 .624

41984

'35. 361
2604
--30.530 -
+31.767
- 29; 021

©27.560 - -
32,924
: 39 542

470 :
32.620

40 728
43.321

+30.075.

21,936

CV Cch"
() /

02697-' -0.2900+0..2493 "o

©@.3238.0 0.3452 03023 7

10.3246- 0.3612 0.2879 ' . i

0.2480 02704 - 0.2256 . .

.0.2645 - 10,2792 0.

10,2664 .0.2856, 0. |

0.2666° °0.2850 © 0.2483 . °

0.2462..:0.2678.. - 0.

10.2485 - 0.2621 - 0. .

+ 02711 0293002492 - .
1 0.2222 0.2474" 0. ,
10,2675 -0.2924 - 10.2425. "
10.2954 - 0.3146. 02762 ", -

10,2752 f.o 2810 - ,0:2694 -

‘7
.« 0t F

o 3081 %

2. 0289 - 09723,

+0:23797:70.2232 /9,252
0.2770-. <04
/03211 °0;
0 3101"
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Table 4 14 REGIONAL ANALYSIS OF’ COEFFICIENTS OF VARIATION lN RIRSEE
_ INSURED CANADIAN WHEAT BOARD' BARLEY REVENUE :

INS
INC.*:

104. 90
L 149.47
- -{ 11,6._69' )
'85.042
122,41
121,66
1)0 54
12521
7106.56

114.64
103.01°
11511
92358

114.23

D 'INS'

S INC.*
10606
15146,

R 15
T 85.126

127840
12256
S 1008
-, 126:29¢
- 106.81

A__103 30
92 370
5. 51)f

12434

112.07
..126.85
+:108.15
"118.30 .
105.40
117,72 7
193.695
~117.64: -

EXP

INC.
109.47"
+ 15251 -
118.68
87.428.
12227
12395 .

111.92 -

.126.44

107.68

117.54.

104.45" -

117.06 -
.93.193
. 115.82.
ns. lnc '-Unmsured income - and Exp; Inc. ‘*—Expecled ‘Income. -
S -'_i'CL‘-95% confiderice” Tevel - for ,root ‘mean square error(RMSE) (1) and (2) glve
.7 ,upper; and lower. ‘bounds. A
: :,Cch‘? 95% conﬁdence level for\coefflcem of vanauon based on upper and v}ower

Ex'P =

86.518 -
136.01 -

MSE "

14'1‘7'.-3

S2112.4
1989:7 .
62290
'1697.5 -
1299.2
12370
-1259.6
13418
1110.7
'836:57
1217.4.
11048.1
1535.8

A

.MSE

INC:*,
10687 -

151,74 -
118,39

ﬁ212 6.; A
14923
16597
552,18 .
4'1724 g
1032.6"
762,02
-}680 59 -
12323
‘21, 593

412.45

©550.40,
74856
97374

“upper ‘and -lower bounds.

L. s

RMSE

37, 6'53'
45.961
44,606
24,958 -
41.201 .
36,045

35172
-35.491

36:631

33327 -

28.923

34.891
32.374
©37.055 -

RMSE
-34 822.;
38.630°
40.740 .
23,498
41.530 :
.‘32 134
27. 604"
_ 26,088 -
26892
"22. 838 :
20, 309
L 23.460 -
127359 -
-31.204 -

e

(1)

v 43.332,-"
°50.063:
48.838

26.939

44,983
38.943
» 38699
39.809.

36.270

31.425
37.867
. 35.053
40.611 .

CL‘ '.- '

1y

37.900 -
€2.138
‘a3
75,499
45376 ..
.35.079"
30,001

28.542

29.358

24857
21,994

25.527

29.800 -
34.114

31 975

413859,
L 40.373
2. 977
©.37.419
33047
32.083

.32.283

33.452
30,384
' 26.421

31.916

129.695

33.499

NOR
32 790 -
35.122
37.101 -

137.684"
129.189
:25.208 -
23633 -
"24.426

20.819
18623

21,393,
24919 -
28.295

CV

o 3174 -
10,2550
0.3448
21.497% 0.2760 .
0.3248
0.2621 -

0.2491

0.2065
0,257
©0.1977 -
©0.1965
\0 2026
0.2961 -
0. 2700*_

L CV
(2) L
r*o 3589 :
+0.3074"
0.3822.
0.2934
10.3365.-
0.2962 -
+0.3181
0.2834 .
1 0.3437
0.2907"
- 0.2807 .
10,3030 -
0.3505
0.3243.

Table 4 13 REGIONAL ANALYS!S OF COEFFICIENTS OF VARIATION IN
. INSURED WINMPEG BARLEY REVENUE

(1)~

70.4130
10.3349

. 0.4185

0.3167-
0.3674
70.3200-
0.346} -

0:30

03735
10.3163
0.3050.
0.3289
‘j,O '3555

Cch""

(1)~

0:3549

©0.2862.
"0.2708
10,2260 -

10.2748

0.3226

0 2952‘3 ﬁ.,

03569
0.2782
0.3756
0.2995

0:2152
00,2129
0.2204:

i .

Cch“-
'0 3048
0.2800
10.3459 &
0.2701 -
:0.3056 .

~0.2724 .
02902
+0,2578 "

03139
072650 -
T 0.2564 ¢

0:2772

0.3215 - %
'~-;.-o 293

0.2947

0.2381 .

0.2275

@,
0.2990 =
02318
10,3140
02525 <

01871

- 0.2286

01802
0.1802. " -

01847
'0.2697 -

02448 -

72 "CLey**=95% : confidence level for coeffxcem of vanauon based on upper and lower
L bounds of ,‘root mean square error (RMSE)dmded by mean actual revenue



Table 4 15 REGIONAL( ANALY’SIS OF COEFFICIENTS OF VARIATION:"IN
» INSURED CANOLA REVENUE ‘|

INS
B INC .

' 15178 .

181,52

Prov

151.32:
15735
:160.00.
182:68
1007 157:89)
L1 149.44
T

Nt -;:-'.;'14313,
"?15 o 1472

© 715250

o

EXP

CINC: “" e
1 115.57
2T - 167.91-

3 1A
411787
5 S
6
7

1793.8

1514.7-
125:36.
127.22
1109.59 -

“140.03 -

_ 2'5_62.'5
-72976.2
'138.40 -
100,22"
~135. o
146.76
150049,
= 173’468.3
11150.11°
145.02

541554
52,447
39.146
51,130
53,803
46.986
52741
.42.354°
38919,
38,043
43276
39673

275037
153214
2414.3.
©2894.8"
22076
278156 -

11447.2..
C 18728

15739
-2200.7-
Ins Inc —Unmsured mcornegand Exp JInc.* L Expectéd Income

; RMSE

'50 621
x

46912

44066 .
$54.329

44,657

a..: o
(1)
58, 423_»:-,
58386
®58.515 -

-.42 813

46.379 -
134.225 -
329.°47.931..
158032 - 49.574°
50.022. - 43.949.;
(57,231 48.25%

42,155
L4 1775
- 785

(2) =
.'.50 722 ‘&3005

40,054, -
'33.310-+0.2921:

10:3419 "
~0:2936. :
0:2886 -
0.2604

0 3023

. ; (1) ,f}:-.v
03335 o ,3849°
-0.3216. .0
70,3564 0.3977 .
03320 03738
-0.3378-:0.3590 "
~0.3688
1 0:3126.
10,3132
.0.2682 . D.2828"
0.2820
40,3284
03337
10,3682
0. 3144,-

0. 2_9031;'. o
0.3167 0 T
203150 L7
02146
-0. 2641.'_,--‘_-'{ A
0,253 i
02387
0.2558 - .-l
0.2709.7-
032331
03007

95% confldence level for root mean square error(RMSE) (1) and (2) glve

upper and ‘lower. ‘bdunds:

- CLev**=95% confidence- leuel for coefflcem of vananon based on upp,er and lowef
bounds of root mean square error (RMSE)dmdgd by mean actual revenue




“ .. Province-wide, Tisk atthe clevator ‘points was:significantly reduced withi the use

Ssweremore

"o crop insurance in all crops except Winnipcg batley.. Although-the C:V

;’:;j.u',ct_‘ibr_l_‘:w&s_.__noi-’ s‘i@hiﬁcén_{ ; Thc_”régions most significantly affected . T

- consistént, the i}

3:3and 15in Chicago Wheat revenue, Region 3 in Winnipeg barley '

P

'é'gxéns-

were'R

¢

1.

iops

2, 3and15 mCWB whcalrevcnue and.. o

e X

‘. -rcvenue; Region 3 in Carola revenue, R
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R “,i"Prfce Insurance R o R T e
f : 4""‘ ’ L
Work by Peck (1977) Rolfo(198'0) and Gram (1985) suggest um futures

U 'markels may h?ve i ,usef ul role m xeducmg vanabxhty df ciopr i

evenues: 4‘S‘uch studles :'_

.

S attempt to determme the opumaL hedgms Sﬁategy “”"g “““res An empmcal

S exarmnauon to detennme thc ef f ects of pnce msurance was conducted by devclopmg a

S

“,,_._‘._scenano of. perf ec; pnce hedgmg where pnce nsk is ehmmat;d (p p ,ff" .-.

Although perfect pnce msurance 'scenano may nol be achxeved in Lhe markel

o because one must have pnor knoﬁuedge or exax:t. quanmy the: concept demonstrates

' .max1mal ef f ecfs of pnce msuranc'm revcnue vanauon : ._The pure nsk ehmmauon

'. / T R
the mterachon equauon

cy

= 4epV(Y)+2€ E’(Y)+ r[2r6 V(}’)+*2‘E«(P)E(Y)e }

Results from the sce ano démonstratmg the new coef fi xcxems of vanauon whmh

PR

by crop on a provmcml bas:s : :-_ng ':- ‘ ‘_: .I_:{z_.i'_f:'i.j

FER ."r :
it

Cabyl T - 3




Revcnues Wrthout Crop lnsurance -

revenues wrthout crop msurance The ftrst bar in each of the crop serres represents the
coef f tctem ol‘ varrauon assocrated wrth unmsured crops Relauve vanabrltty was
srgmf tca,ntly reduced by prtce msurance tn all crops ln the Chtcago wheat revenue. prrce R
' B : msurance has the greatest ef f ect in Regtons 7 through 12 and 15 (Appendrx DY Only
c three regtons dld not report s:gml' tcant results tn CWB wheat revenue Regrons 1 2 and
13r All the regtons m the Wmntpeg Barley serxes tndtcated srgnrl’tcantly lower C: V.s as a

result of prtce msurance lrkewrse all the. regtons in the canola senes drd report srgmfrcant

Ce,

Ces
02

015

oo’

0.0

- S Uninsured - .

K855
SRS

P

5K

ISR
022!

0.6,¢,
0,0.9.

G

- m i-Price insured “:

C V reductron due to pnoe msurance exoept Regton 2

©

25
o2

Ptgure 4 4 Prtcc lnsurance Ef I cCls on Cocl' f tcrents of Var+a’tron f or. Brovmcral Crop

.

The f ll’Sl graph (thure 4 4) tllustrates the ef f ects of prtce rnsuranoe on crop
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o ‘Frgure 4 S rllusrrates the effects of pnce msurance on crop msured revenues The _'

| ﬁrst bar in: each crop series represems the coef!'icxent ot‘ variauon wrth crop insuranoe

i .IOn]y For all crpps. the perf ect pnce rnsuranee served to srgmfmntly reduce risk

In wheat revenue pnce nsk ehmrnalron combmed thh crop msurance

i .srgmfrcantly reduced rrsk frorn mSured crop revenues m all rcglons except Regnon 1

(Appendrx \D) ln CWB wheat revenues srgmfrcant risk reducuons from 'price rrsk

elrminaugn were reported t'or all regrons except Regrons 10 12. and 13 Srmrlarily. nsk L

» 'Si_gnificant_'.rfsk ;eau;caog :f_rcr’ri }';pritgc1 sk elmqu?wasyrepo-r-;n-.n. al!f»fééiﬂ!iﬁ-#xé!?‘.



‘ ,bctween revenue devratton occurs Such correlauan would sugges that errors m predtcuon

f rom one. pertod are carried over mto another Such covartance ~be ,een trme 'penods rnay be

S thc assumptton of mdependence o(f‘ pnce error terms wOuld be contrary to eff tcrent market o L e

thcory wh.tch is dependent on the assumption that prtces reflect all avarlable future

A ; bc uscd to predtct future pnces ) '. .' o e T
. occurnng in. one: perrod are not correlated wrth any other drsturbance In}racuce the

- order autoregressrve scheme where current data rs depend on past srtuattons Errors would be'-‘_-f R
: related in the f ollowmg marlner ' '

5 _pet 1 \+ e : j, § B S A "‘_ L
_p cov(e 1)‘N yare t/vare[1

To estabhsh the absence of autocorrelauon the hypothests Ho.p 0 must be tested ’I'he

: approprrate\alternauve hypothesrs lS H; A p>0 sxnce 1n thrs economtc relauonshrp posmve fq

than 2 201 mdrcates that the p parameter 1s srgmfreantly dtfferent from zero at the 95%

e attnbuted to tWo prtme sources yteld error and pnce error ln the yreld component a greater

- Proportton of Varxabthty of p!’edrcuon is due to weather whrch a prtorz lS assumed to contarn S

'_’no sertal corrclatton lt lS htghly unpredrctable The d1Vergence of the pnoe component from

o ."mf ormatt'on The ¢f l'rcrent market hypothesrs 1mphes that past lustory of prxce serres can not B i

Thc assumptton of zero covanance or mdependence of error terms rs cov(e ., € ) 0

. where '1' and 'J' mdtcate drf f erent ume pertods Thrs assumptmn 1mp11es that: the dtsturbances-'_@ S

B assumptron of nonautocorrelatron is more 0cca910nally vrolated m the use of ttme senes rathe‘___. K S

than cross Secttorral analysrs The nature of autocorrelatton most prevalent 1s that of the f rrstj-j R

l

! "'nz.r

' e is pure whtte norse and p ts a parameter whrch may be calculated as

. E . - > e .
e - ; . o . . iy

8

Y autoregressron is plaustble Although the Durbtn Watson test 1s often used to test such

e "_f‘hypotheses it ts not appltcable when the explanatory var'”table is a lagged dependent Data for"j gk

”

B one elevator pomt per regron were drawn for each component (revenue error. prtce error

o yreld error and grade error) over the total ttme period The one penod lagged form vanable
";‘_,1was thus regressed agamst itself therefore, 16 regressrons per regton were examtned Table
4 16 presents the results of the test for senal correlatron rn the revenue terrns Results for

"yteld pnce and grade factor error autocorrelauon appea.r in the appen.ix A t stausttc greater:--.. i

v I~

tf.'\



. ont;ldence : mterval o

g Homogenenty of Vanancns and Correlanon

Tesung f or equahty of Vanances 1s usef ul f or d’ecxdmg whether it 1s legmmate to pool_.":-'l."'. . o

R _;,.-vananees vThe 1dent1f1cat1on of regnonal bounds 1s 1mponant f or crop msuram;e purposes

Tests of homogeneny may be used to fy the use of nsky areas in premlum caleulalmns :

,‘. l

T .TO 1331 f°fv "mogenexty , the nulb hypothesxs that vananoe of d;sturbance 1s constam fi or all
'f_*observauons is lmphed Because the nature of data is mlcroeconomlc the observanons shqu]d e
54_":-":-mvolve dlfferences m magmtude Thus a przori the assumption of homoskedascny is not

- ,“‘plaumble To test for homogcnelty of varxances the Banlett s test was used The followmg o

:table 411 indlcates the. regmns whlch dnd ot refute the nul] hypothesns 95 %, level of.

“;._‘.COleldenCC is mdlcated as **. S
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N ""Table 4, 18 TESTS FOR HOMOGENEITY OF VARIANCES OF CROP REVENUE BY

| _-f‘:.ff--suggest subgoupmg Longcr'tetm chman d-produce clim
R jaf'fect yield however a longer umc .pcnod WOuldf’helmqmred ‘o: assess such:climabc effects

L (1987) reported standard‘deviauons of,annual Permse chanaes petremm on 300 Canadian

cwswhl e . eap

D Wheat&CWBbaﬂey""fi;f?; CEn
m e o cam, &cwnwheat,_g“*-?

95 % level of confndence is mdlcated a§ 23 o

g 4 11, 12 13&15‘-_{.- PRy e

L ‘% 711&153. .
CWB ba“ey 11&13' :

/v’

AREE

95 % level of conf)denCe is lndlca[gd as c- S

REGION

b 00399 :

e
R .

Stabxhty Of variabxhty over nme may be delermmed by the use: of sumlar honwgenaiy N

Homcgenelty mi_ﬂl : pnce 'senes'o(rer nme is more pr/c;bable noyle" "Imjet and Sharp




a .The results of thrs test produced homogeneous correlatrons for the followm crop revenues

[ .".Barley Canola R 2 8 6 & 10

| 10 Year (1977 1986) standard devi’asron = 17 83 I
15 year (1972 1986) standard devxatron = 18 89 EORR A

7 _"_?_f_,»zo year (1962 1986 ) standard devrauon ;—. 1. 53

- \

. '-cocff 1crem should be used m analysrs when more than one crop have homogeneous correlatron & ;,;'

covened to the Z transf ormauonr If the correlauons are homogeneous a srngle poo}ed
-coef frcrem may be used The test cnlenon rs X’ wrth rhe degrees,lof freedom equal to one less.‘ EET

R A than the number of correlauons used in the caleulatron' ‘

<..u

7‘.~x=~-z(z N )=/ wn 3= Z(rl 3)(2 z )z b -
j=1 -1 ATy

o .;_.b"Converling z: back to 'p! gwese pooled value of

n-
_Z(n 3)Z/Z(n 3)
1-1-‘» O 1—1--»

“wuhrn certam regrons

o

Regrons

O WheatBaey LT als B

3 & 6'}7.' B

' _Wheat Canola

. Aresmcred Lo more current urne perrpds 10 f orecast marker vanabrmy

Zw

6T

Homogenerty rests of crop revenue correlauons may be used to delermme 1f one

Table 4 19 'I'ESTS FOR HOMOGENEI’I’Y OF CORRELATIQNS

E 'f'_.;,’rhese results may suggest a possrble downward trend m standard devrauons 1f analysrs were o

j'_.'coef F 1crem,To test f or ht}mogenerty of correlauons the correlauen coeff rcrents were b .

o
s
i 59 |




e ’fio‘ correlauans and covanances is unplncxt Tables mdxcaung these eorrelauons and covanances

."‘ _‘; appear m the appendlx Table 4 20 was construcred'ﬂ o »1llustrate 1he combmauons whxch

; . resulted in the lowest nsk as measured by the coeff u:rent ol‘ vanauon Thrs table allows a

i S compansoh of the nsk/return tradeoff s Also mdxeated are me mean square error assocrated

' : w:th the combmatron (MSE)

Multxcrbp decrsnons s:gmfrcantly reduced nsk m all §: except Reglons 4 and 8 o

. "‘T'he mé':Ocultures whxch resulted m the lowest nsk were_ a '.an ;CWB barley. respecuvely

pnee _eomponems.

S 5educuon but also the correlauon and covanancg‘ ar the '_pricefnon~




:".Table 4 2: MULTICROP
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7 f. ,"‘i;Rxsk reducuon from crop dlversxfxcauon on umnsured crop revenues .

.5.."'-,Rxsk reducﬁon from crop dwersxﬁmtion on crop"revenues thh crop msurance

e
e

';.-"i-Rask recfucuon resultmg from crop df‘yers;f muon on aop revenues W /Lh’crop msurance

S .'_'f_"'and pnce msuranoe (p: p)

Dwersnfying umnsured crops f‘ron; one crop to two crops resulted in nsl; reducuon

, By
ﬁ_'between 4 89% in -Regzon 8 to 29.25% m chl

1 an average of 11 94% dverall vaersxf ymg g

from two crops to three aops _m-unmsured cfops xesulted in nsk rul' | ‘non of an addntlbnal -

1 63% overall Crop msurance reduced nsk by 6 496% m mgnoculture"unmsured crops

L Dwers1fymg msured Lcrops f rom one to two crops reduwd nsk by an addmonal 10 894% and
:an addmonal 1 336% on three crop com%mauons_ for an_overall 18 7% reducuon f rom

B ',umnsured crops.'based‘:on the eoeffnc;éﬁts of vananon_' 'The effect of _pn' ] msurancg reduced

; 0"'

o -_;A.'Imonocultﬁre crop rcvenue nsk‘ -




.7 Figure 4.6 Risk Reduction Associated With Diversification .~ 570"
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§ A Summary

-

E m the f utune Value conversron between present and f uture ts accomphshed by a rrsk sensmvc

- exammatron of each of the components of revenue separately, yreld pnce and grade !‘ acter

:,‘ i usmg data obtarned f rom Alberta Wheat Pool by grarn elevator point for the penod 1974 to
o 1986 Predicted yield for mdmdual elevator pomts ‘was detcrrnined as the mean yreld at the

' prrce Was [;he_ prrce for future deltvery at the trme of the_i ‘opptng dectsron' Cin

The purpose of thrs study was to mvestrgate the rtsk relate%l ratronale f or farmer : f{*"_ f
. fa RN

' '_chorce of mult1ple crop rather than smglecrqp 'I'WO theoretmal representatrons of decrsrons

R S relatmg to nsk mclude the uuhty approach, under vananee a i expected returns as developed

-' by Markowrtz and the market approach of the Caprtal Ass, Pncrng Model proneered by

o kP Sharpe and Ltntner Both appro{aches use vanance as the basre c{uantrtatrve def rmuon of‘ rrsk

Thrs srudy characterrzes the f arm crop @we decrsron as a smgle penod mvestm‘

decrston lnput commrttment 1s undertaken m the present Revenue frorn harvest 1s antrctpated

- i,_

drscount rate Rxsk in the smgle perrod croppmg rnodel is ascnbed to anttcrpated crop

rccerpts not to costs Devratrons f rom anttcrpated recerpts becarne the bas;s f or measurement S

N

o ~of nsk ’I‘he measurement of drspersion of revenue around the predrcted revenue is. the mean

square errOr estrmate (MSE) and rts square root RMSE or standard error of estunatron, § :;: :

Comparrsons of nskmess m agnculture have cornrnonly b!éh restrrcted to companson
/

’ f vanaace Hrstoncal’ Varhnce may exaggerate the vanabrhty assocrated wrth anticrpated

)
: _hnseaa component of thrs vanatron may be predrctable Thrs thesrs demonstrates

/

Evaluatron of nsk in antrcrpated revenues 1n the smgle 'pened crop model involved

v

"0'4 .




S

o ""-‘_f_'ybarley and the March prtce of January f utures contract for canola Reahzed Canadxan Wheat
L -Board payments as well as the November pnces of the fu utures comracts strved as the actual
prtces Grade f actors were based on AWP data On proportton of each crop wrthm a grade ¢ EA

R _class ttmes a prtce dtscount assocrated wrth the grade Predtcted grade f, actors were developed

d

o f rom htstoncal expcnence Th redtcted revenue dtstnbutron was theref ore based on _' o

E 'predtcted prrcc trmes predrcted yreld trmes mean grade factor and actual revenue was based on e

o A T
C thc actual revenue components Drf f erences between actual and predrcted revem?es f ormed the o

‘-

measurement of rrsk A R S T \

t

One objectwe of thlS study was to determme the absolute and relatrve amounts of

7 o -vanabthty m Tevenue assocrated wrth wheat barley and canola crop productron Absolute S
" ".,-IVanabrltty was measured by the RMSE whereas the relattve vanabrlrty was determmed by the -

R _-:cocfﬁmcnt ol‘ vanatron (C V ) calculated as. RMSE dlvrded by mean of actual revenue The

) barley revenue to $48 86/acre for canola RMSE for Chrcago wheat revenue was 335 40/acre

S ,$38 33/acre f or thmpeg barley and $43 O9/acre for CWB wheat revenue The southem '

Y "regtons prtmanly Regrons 3 and 3 reported htgher RMSE f or a’ll crop revenues Central
= ‘Albcrta prrmarrly Regrons 4, 10 and 12 reported lower RMSEs : R '_
' Provmcrally, coef fi 1c1ents of vanatron for. crop revenue mcreased fr0m 296 in Chrcago

o :wheat revenue to 338 in Wmmpeg barley, wrth CWB barley, canola and C\’dB wheat

= -'_-reportmg C V .S of 306 323 and 332 respecttvely Agam the predomrnate regrons to report

: hrgher C V .S were Regrons ﬂ and 3 for Chrcago wheat CWB wheat and Regrons 1 and 3 f or
Wmmpeg barley, canola a.rfd CWB barley Regton 15 reported hrgher C V S f or Chrcag%
K wheat Wmmpeg ba"y and canola Central Alberta reported the l@est C V 5 for the crop

w "revenues especrally Regro"' y 10 and 12 f or Chrcago wheat, canola CWB wheat and CWB

"'barley resultmg pnmartly from the lower RMSEs assocrated wrth the regrons Hrgher actual

-'mcomes in Regtons 2 an 8 served to reduce the C V s of these regrons somewhat
S fe B
To determme the srgmfreance of nsk dtff erences between crops, _vanous homogenetty

B : tests were conducted between crops wrthm regrons The Bartlets s test of homogeruety was

: ~:‘1used in the calculauonst provrdtng a Q/l sratrstxc Whlch is. dtstnbuted as chr squared Regron 4

L .‘/._v;‘..‘ .,‘ v :": | vv‘» R, e .-

.. (li:’ A

o, ;.Provmcral mean of country elevator polnt RMSES ranged from a low of $34 98/aere for CWB E o



‘A-.?thhrn Regron 15 wheat and barley were also homogeneous at the 95% conﬁdenoe mterval
-

R Canola and CWB wheat were homogeneous rn Regron 11 at the 90% conl‘ tdeﬁce level All ‘

e »' . other revenue rrsks were srgmfrcantly drf f gat between crops ' s L RS

' Homo&mety wrthm crops but between regrons was also tested The only crop revenue'{_ -
to show homogenerty between regtonal vanances at the 95% conl' rdence mterval was canola

' Regtons 4, 11 12 13 and 15 were homogeneous at a rtsk level'ﬂtghtly lower than the

‘;,-,‘ ;vprovmcral a‘verage whereas Regrons 1 angl 5 were homogeneous Atua‘ nskv level slrghtly hlgher e

| 3 6 and 8 were hon'logene ‘s :

hAn the provmcral average Regr J 'the hrghest rcported

r sk level Such non homgemety between crop nsk of drf Fex’ ";t regnons lende' support to the

‘e md component“' Flucthatrons m yteld a'v attnbuted tor.weather No trencfor cltmatrc : L
pattern was detected 0! L .e.,,-r.".' s e -
", e 195 " B e : .
g Tests for absenoe of seual ’correlatron"é th?( crop revenues were not rejected attthe 95 R

R % confrdence mterval The comp%nents of. revenue were also tested separately wrth srrmlar

: : results wrth the exception ol’ thé wheat grade factor m Regron 1 Such results are consistent v

o _'l'f-é'f thh ef frcrent market theory and wrth the ’behef that the greater propomon of varxﬂ:ility of '
o yreld is from weather %nch is: unpredrctable ‘ ‘_ [ N S " .
| Crop msurance srgmfreantly-reduwdﬂsk m all crops emept barley The coel' f lcrent ol‘

. i 'y vanatron were more conststent but only rn Regtdns 1 2 3 and 15 was barley stgrrll'icantly

ey af fected by crop msuranee m thrs revenue serm Crop meuranee rnost notreeably helped




srgmf rcantly af f ected by prrce msuranee suggesung that the maJorrty of nsk assocrated Wrth

these regrons was attrrbutable to non prrce component rrsk and test a natural hedge was

. 'unmsured revenues crop msured revenues and on crop and pnce msured revenues
e '._Dnvcrsrf xcauon of umnsurcd crops to two crop combmauons resulted in 11 94% reducuon of
-“C V. amounts but only an addrtronal 1 63 % resulted from drversmron to three crops

e Dtversrf 1catton of crop msured revenues resulted in rrsk reductron of 10 9% on two crop

- fﬂ,"combmauons and an addmonal 1 34% on three crop Drversrfymg pnce and crop msured

L revenues resulted in. 9 99% nsk reductron for two crops and an addttlonal 1 89% for three =~

«.-’crops Rlsk was srgmf 1cantly reduced m all three scenarros when plantmg two crops mstead o‘ﬁ»»" .

. smgle crop owevé *addruonal nsk reductron frgm plantmg three crops was not srgmf’ 1cant

ln testmg hehypothesrs that econOmtc benef 1ts to farmers frorn nsk reductron E

. through crop dxversrf 1eauon are s:gmfrcant the f ollowmg condusrons may be made

: 15 The hypothesrs was not rejected when monoculture CTOpS’ were dlversrf 1ed from one to
! 'two crop combmattons of wheat barle) and canola ngmf xcant relanve nsk reducuon
, :'resulted from thrs drversu' rcauon in unmsured crop msured perfect pnce msured and
v _‘ ,;-,both crop and pnce msured revenues in the magmtudes of appro)umately 11, ’9% 10 9%
s 4.‘9 7% and 10%, respectrvely ‘ R 2 PP R ' o
2 ' The hypothes:s ol‘ srgmf 1cant nsk reductron from dxversrﬁcauon from two to three wheat
% "":’ barl and canola crop cOrnbmauons was reJected f or each crop revenue serres The rrsk

o “’-'-reducuon that dxd occur from thrs dwersrfxcatxon was approxrmately 1 63% in umnsured

revenues, 1 34% m crop rnsured revenues 2 12% m perfect pnce msured revenues and

,' .',

- 1. 89% m crops wrth both perfect prtce and crop msurance STt }
L 3 'Fhe combmed ef fect of hypothetrcal perfect pnce and crop mSurance m ‘Q reductron of

o unmsured rhonoculture crops was greater than drversrfrcatlon’effects on umnsured crops, -

: crop rev:enues. 'Compartsons of rtsk reductron ef f ects from crop dtversrf 1cauon were based on R




= of the rnvestment and the covananee bet.ween crop nsk and other farm and non f;rm risk

eXposure .‘;7 '5_‘?-_.'; _«':v'

. comblnauons In the crops wvth both perf ect prrce and crop msurance Regrons 6 7 and

» .’15 in CWB barley and Regron 12 m wheat were not srgmfrcantly affecled by . ‘. R

- changes should also be consrdered The varrabrlrty added to the f arm portl‘ oho by the

mcremental crop mvestrnent l§ dependent On the propornon ol’ the crop mvestmem the rrsk

e to nsk reducnon f rom drversifrcatron Because sOme-regnons do not report srgnlfrcant nsk

o reducuon n is hkely that the eausal mfluence of nsk reductron rn mulucrop srmations w

- "-vmonoculture unrnsured crops ta three crop combmatrons

':-4-3":A1lh0118h Overall,\drversrf 1cauon Srom one to two crop combrnauons srgmficamly redueed

i 'rrsk regronal excepuons were f Ound ln Lhe umnsured crop revenues \rwwas not

o B srgmfrcantly reduced from drversrfrcauon in® Regron 4 o or wheat prrced m the Chrcago
0 "'f utures and Regrons 6, 8 and 13 l'or CWB barley ln the crop insured revenues nsk was SR

S .f'not srgmfrcantly reduced frorn drversrﬁcauon in Reglonsé 8 and 13 for CWB barley ln 'f ‘;::" '

: ) lfthe perfect price msured revenues Regrons 2 and 3 for mnola Regrons 6 and 7 for CWB':.'-;‘.I'.‘L e

) 'barley, Regron 12 l‘ or wheat and CWB barley. and Regrons 13 and 1§ for Wmmpeg b"ﬂc}'

,and CWB barley were’ not srgmf 1cantly affected by d:versrl‘ rcatron Lo two crop L o R o

R o

- f;.‘drversrf rcarion

'”'Q.“ ﬂ

Rrsk control at the fanm ponf olro level and the incremental effects of crop mves7mem

ey




1 8 Rescarch mto adJustment of aggregrate data to f arm level Varrabﬂrty would be usef ul
G Thns study reports vanabrlrty assocrated wrth crop productlon at the elevator pomt

e Farm levcl varxabrhty may embrace more nsk assocrated wrth spot or Iocal clunauc

' ‘ drsturbances such as haq Thrs type of research may requtre the development of vectors

_ '.;T or each crop that varg from year to year Such measurement 1s dlf flCIlh‘a a d-"must be s

| ’based onJa large mtcro level data base

.
i

T 2 Rrsk emerges m part from varrabrhty m natural chmatrc and brologrcal systems Extensron /

xs recommended mto the relauonshrp between physrcal propertres and the stochastrc

":
)

statrstrcal nature Such research should mclude rotatronal and agronomrc mfor‘matton to L v

determme varrabthty ef fects of drsease control pest eontro] and sorl mamtenance, \ ’

Further reSeareh ts requrred to mcorporate bas:s mto nsk analysrs. Thrs Study has treated

basrs as an tmphcxt cost however vanablhty rs present m basrs Basrs could enter the 1 | :

model atrectly in the deterrnmauon of pnces ﬁ: '. : '-;.‘j‘,- o

4 Another area of extensron could mvol\‘re mvestrgatron mto how farmers f orm thelr o

’w exﬁctauons Problems currently extst in constructmg yreld predtctrons whrch ean be

updated as the crop progresses and pnce that is wholly dependent upon future price The

' apphcauon of ecdﬁometncs m predrctmg futurg}alues is recommended

*5——Venfrcatron of the Alberta that Pool estrmates wrth aggregate data on grarn productron
rs desrrable Thrs study drd a comparrson of NP data to provmcral and federal sources
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LT 551,32 148,12 18831 743,395 46.150: 40+63

~ 6 :15T.35-155.70 1671.0 40,878 44,208 37,548 0.2597-0.2809 0.2386

1716000 159.80 1256.7 35,451 37,750 33,151 0,2215 0.2359 0.2071‘.5_'»-
(8 182.68 181.56.13712.3 31, o' 39,937 34,153 0,2027 0.2186.0, 1869
10 159,89 258,92 1244, 235,213 31,275 33.271.0.2233 0.2360 0.2107

T MSA4150,00 1483, 38,253 41,563 34931 0. 1559.0,2181 02337

o 127130.21 13108 5.8 36,950 41,561 32,353 0.2838°0.3191 0. 84
13 M3.13 132,14 -1082,1 43,390 47,905 38,815 0,3031 0.3346 02715
: uxu1zusuimaanswa4now4wozuoowuozur-

aEY

T VHBAT(PRICE t CROP IlSURBD)

Region InsuredRxp. - MSB™. RNSE CL(RNSE) bV ‘  ?¢§¢1 ':‘b
- Incose Incone . (1} (Z) S 1Y I )

----------------------------------------------------------------------

ol 119 82__}7 2 1063.6 32, 612 30 233 . 991 0, 2721 0. 2523 0 2920 ._‘?f
S U 181,05 13, 02 '233:5 15,280 11.853 18,707 0.1011 0N0784 p.1238
<3 133,41 129,78 1365.7 36,956 34,068 39,8447 0,2769 0.2553-0.2986

“, 4 103,41 101,31 1102.2 33,199 31,185 35,212 0.3210 0.3015 0.3405

S5 1364 1LE1119.6 34,345 31,133 36,951 0.2517 0.2325 02108
6 138.86 136,77 859.12.29.310 26.761 31,859 0,210 0,1921 0.2244 L
"Y 112, 51124, 9 965.8 31,077 28.561 33.592 02456 0225702655 -

T8 144,92 141,58 631, tH 25.138 22.351 29,924 0.1734°0.1542 0.1926

10 126,28 124, 11228 33,508 31,452 35,563 0.2653°0.2490 0.2816 ';
171141 148.6 409,54 20,237 19,152 22, 121.0.1431 0.1255 0.1606

- T12118,90 118,88 '1110,1-33.318 31,512 35.064 0,2802 0. 2652 0.2949
13 13442 132,96 1000 31,622 29,179 34,065 0.2352 0.211

-t

7

J2861:0.3069.0,2685

T TR
o 15 119,30, 11189 10,6 38,349 35.910 40.728 03211 0.3012 0.411 -

-----------------------------------------------------------------------

Ptov 131 2! 128, 04 1080 3 38061 20, 21‘ pLR 461 0. 2503 0.2305 0.2100




R mm(mcncm INSURED) S ST
PO Beglon Insured. Brp. M5B I!SB CL(RUSE) V;J- Cch

- Incone: Inc. ”~< SRR 11 A (2) l]l

’ ---.‘ ----- “-.-.-.‘ ................................. ‘.. --------------- .

- 106,16 105 22 853 120,407 31,158 2. 657 0.2151 0. 29!1 0 2510‘*--v' Lk

2 151,46 149,91 1436:8 37.905:41.432 34,3190, 2502 02135 0.2269 -
© 18,15 116,59 1143.3 33,812 36,93 30. 696 0.2861.0.3128 0, 298
485,126 85.512 - 331,418,368 19, 842 16.894 0.2151 0.2330 0.1981 -

§127.84 1242 1407.8. 31,520 40,937 34,706 0.293¢4 0,3202 0,2667

CTRU10.56 122:61 - 841 291,105 26,294 0,236 0: 2586 0.2145
1-110.78 11096 590 2 3. 295 26,542 22.049°0,2193 0.2395°0.1990 -

B 126,29 1256241199 21, 858 23.891 19.825 04130 0.1891 0.1569°

10 106.81 106,44 625.73-25.014 27.332-22.596 0. 2341 0.2558 0, U

11 115,50 .115.85 61196 24,137 26,943 22. 532.0.2141 0.2332.0,1950 -
(12.103.30-103.98  418:1 20447 22.389 18, 505-0.1979, 0.2167 01181
13 115,79 114,57 91023 26,650 28,977 24,322 0.2301 0.2502 0.2100

-‘15 92 372 2. 115 462 35 21 502 & lJl 19 3.0 2327 0. 2536 0 1118

----------------------------------------------------------------------

".__l’rov. 115.56 114 6 3 807.28 2. m 31034 35131 o zm 0.2630 0. ms-* o

. - A1
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.-',;SERIAL CORRELAT!ON TESTS & gf:f
'~ VARIABLE = P, ,;RHo;;gj
. Region#1 - -fvdl.ijf ‘
-~ Chicago wheat e R
- Winn. Barley ';1* *,'_ .07932. .
- Winn.. Canola f,'j»‘**g,., .3368
©. CWB. wheat - J.f;fj'fvf 1953 .
'CWB'.Barley ‘“*V C = 1882

~;-'b93§93\7"

. Chic. Wheat price’ v Cb”>y;;2293;g -

- Winn. Brly price . - ~,5495
©.'Winn. Canola price” . ' .2926A-
" .CWB wheat price . ' - -,0245 -
- CWB ‘barley price U =u19950 .
"< 'wheat yield u».'ﬁg;,“j“10265ﬂ_ o
~ barley yield -:3111’3+;2533f "
‘canola yield - S =, 0878
’wheat discount ft. '.im-';7095_' |
" -barley discount. ft. o, 3032 -
- canola d1scount ft. ,;v.;;.3441jvr '
- "Region#2 LD
-, Chicago Wheat. ~ .~ ,1399
~ Winn. :Barley o i.07689

. 'Winn, Canola . - . .. 7,4288
o CWB wheat. _H'ﬂ- LT 23438

. Winn

. CWB Barley - - "1 7 4023
" Chic.\Wheat price . = . ..2784 |
\g;1y price = . 1237

Winn nola price v —-,238,

" CWB wheat prvce'al 7 L3161

CWB barley price .. -.0448

. wheatyield . . - 2114

‘barley yield | - =.181i . o

."”W1nn. Barley S Y 07843

- w1nn.‘Canola S a1t

Ff} 3 gchno1a diacount ft._v»j- <.0811 "

. e f& ,
o . L

- w}.3235

wheas: iscOUnt
bgrl. discount ft. . . .1826

.

W ’.-:. L C

W

- ;.1303 %,

. 'canola.yield. - . .6984
 wheat d1ecqunt ft C.9512
.- barley dj scount ft. '.-.1198'
. canola iscount ft.
* Region#3: LT
. Chicago whaat a pw;-.2028'

.‘[ .

- CWB wheat - - - 13289 "

- ...CWB .Barley . ... if:',05805;;
- chiec.”Wheat price = =~ .4148
L Winn. Brly.” price j-~ .. 082T
- Winn. Canola price - = 1245

i . CWB'wW .price “,ﬁ._,~ .09112",
.. CWE bar¥®y price = S 1792
o u?uheat yield R T 1769
S ’baron yield - q . -“..1341
.ﬁﬁycanola yield: f : o
. CT=.09431.

’ ) '.2616
" ylze09 1

1.1444
L3208

SO

:-1 137,:;1.¢' SRR

v05297T:

.,.59915;?75ﬁ';w:’
~.7068° . U
1 =2.080

=1.2765 '

2.0863
~-.6284

© o Tlostz N
=1.223

‘ ;3964ff 

o 3.207ex
14,0095 -
1.1589 .

4380

 1.0113

'

L . 4491

C-.7762.

11,0894

i .1461
'ﬂ_».69242
- =-.5691

2.1053

- -.4019

; .5714«:‘;.}_.1
.2600
Ctungr o

L 101198 0
1838 |
. 1.5878

8. 1594**
-.4197

'][- 3053*_,.iz-~

“l1ea8

. =.2898 -
S gBeo
g
QL Ja28T
Ho1ios12
‘;.;gj-;2993u141A-~

&0 T

';_.2993

.":. ST VR

“%a“ﬁf;J'
M
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-.fReglonhd A
;Chzcago Nheat : .

. WinA. Barley
. Winny, Canbla
L. CWB wheat

CHWB': Barley_" .
. Chic. Wheat prlce
“Winn. Brly-price,

wipn, Canola pr1;e ‘“
- 'GWB ‘wheat prlce
CWB barley prlce. .

wheat yleld
- barley. y1eld
_\canola yleld

wheat .discount ft.il RE.
barley discount-ft. .
. canola discount ft. ..
,‘_Reglonﬂs : ,
. Chicago- Wheat [”w
Wi, Barley
- .Winmn. Canola

".CWB. wheat
.1 CWB. Barley
. Chic. Wheat- prlce

S Winn. Brly price -
C,Winn. “Canola price "
- CWB wheat price

CwB barley pr1ce
wheat yleld
barley yield "

~ canola yield - .
.. wheat discount ft.
" barley. discount ft.
canola discount ft.

- Region#é e
~Chicago Wheat

'Winn. Barley
. winn;fCanola,

| CWB wheat -
‘CWB Barley

~Chic. Wheat pr1ce
- Winn. ‘Brly price .
Winn. Canola przce'
‘CWB ‘'wheat price
CwB barley price
barley yield

- canola yield
'wheat_ discount’ ft.

- barley discount fr.
- . canola discount. ft.

L0188
-0685 .«

Do .3231
S.0634
| .5461°
.4182

.2143

L4323 .

.04759
.1075
=.1885

4_1200?0 L

.1257 -
28113
.0352

‘;2055

.2721°

_w[;xzoa?jf
.5461
©.4182

.4578

‘4323?4~,
-0476-

.1808
.2253
.4361

.1204 -
1 =.0320-
5 .0351 

.5153

.5217

»1995

.5453 .

.2558
.5461

4182

2143

S .4323 .
| .0476

0414
-.0986
1966

-.2196
.0140

0390
.2710

3749

S 0321
ﬁ-zoseﬁ_ R
Hibeasi

Jf&,l968j~.w
1099160
13250 -

L =e7178

- 1.4932°

1583

-:3583
».6121"z5
L0219

.4301

'r;9287'7 ,.
-i1123-“> j'

_ .8893{-
1 =.0999

8649

'1;0929 .
~7..4010 T
_ _1€9916x_,u
C . 1.3254
v =1.7596. -
1.4932°

.1583 .

" .9495 -

.8318

. 1.566

. .3915
-.1015

1069

1.9583

1.2681

,.60812
2097

6868_::
1.9916 .
. 1.3254"

-.7178

L 1.4932
'~ .1583

-.10233

-.3084
. .6541
-.8319"

0847

~

5 P Sa



: fﬂlReglon#7 P
T rChzcago wheat ,

.*GJCWB wheaﬁ;fﬁw“i S . _ 3
- CWB Barley 0 . U L0179
' "Chic. Wheat price

. CWB barley pr1ce
vlfwheatgyleld

T canola yield

uﬁf*wlnn, Canola
7 CWB wheat

;"ijegxon#lO
. Chicago: wneat

V'ECNB Barley

' wheat discount ft.'
.;_bahley ‘discount ft. -

’;,wlnn. Barley
CWinn. Cani§}

. w]_ nn :"pf‘lce - L
- Winn. dla price

.0476
jfbarley yxeld‘

. ‘wheat dlscount ft.
t;barley discount ft.

u@nbla discount ft. -
Regipnss 3

““““

',';355-
-.4261

“w1nn, Barley

. CWB Barley. e
Chic. Wheat price. ‘
. Winn. Brly. price i'f
w Winn, Canola prlce
CwB wheat pr1ce
CWB barley price:
‘wheat" yield

" barley yield

+ Jcanola. yield : .
. wheat dlscount ft.
barley dlscount ft.w
canola dxscount ft.a .

-.3540

- -.0851

, . -.1514
oWinn. Barley TR
o Winng Canola'”f’ L

. CwWB wheat "~ " .3527

-+ . Chic.' Wheat’ przce ‘
. Winn. Brly price;;”' 4182
- wWinn,  Canola’ pr:ce NS .2143
. -CWB wheat pr1ce ?' 4323

7 cwe barley price . = 04753my\_”“>ﬁ.:
'177°;fﬁ;_“.d;‘

-wheat yield. -{;;I_CHV
- barley yield ’

. .5278‘
' canola’ yield

.0419

anolaadiscount ft..lgi.l‘.0575

1613
. —. 08605 .-
S=.1788
riies

'.5461ryﬁ

4182
=.2143 -
4323

el 2309:
-0 v A
L. e 7 .o3015 -

hitago wheat ' oo .0614 T
/” "*.1125hy}f-'
-.1895
L3827
= .4044
- 5461
.4182°
=.2143
L4323
o 0476 -
| -.4471 ©

-.3119
. .2135
2628

.3367‘”"

,-1577&
- .5461 7,u

vt

T e

-21774
-..5904
3 0748
.0636

1. 9916,'

T,3254

v 7178

1.4932"
- 1583 "

=1.361

0967

v.4650

- ie1.475;

Co-l3677

S~ 1840
. -.3245

~.6129
~d 2230

‘.—1 3844

1.9916..

e U325
’@f:}7178‘
1.4932 >
lise

- =1.5817 -

. =1.2189
- ~1.0249

L e

- 1i7597 -
9132
=.2721.

e 4778

'2 f-l 2497
-¢-1 1322

- 1.1903°

S T 9916
-1.3254
T=.7178

o 1.4932

-'.1583
.5517
-1.958"

T =1 3437

1.193

:,;;19045” 3 u»v,whk
=.1801°

o Llse21




v*3Regzon#11 o
“}_Chlcago ‘Wheat : :

-~ Winn, ‘Barley.
. ”Wihh,fcaoela--v

. -CWB" wheat..

~CWB Barley.’

Ch1c._wheat przce

.‘}QW1nn. Brly price . -
O Winn. Canola prlce-
“CWB | ‘wheat . prlce ;

CwB barley pr1ce

wheat. yield -
v.»barley yield-
» canola yield .
“wheat’ dzscount ft. B
. -barley discount- ft'f‘JwW 
- canola dzscount ft-' :
= .'ﬂRegzenﬁlz IO L
C Ch1cago wheat'”';"”- R
"Winn. Barley Y
. Winn. Canola - - - -
S “CWB wheat 57' PR
. ChB. Barley o
. Chic. Wheat pr1cef_v
.,_w1nn ‘Brly price -
~ _Winn. Canola price*
'CWB wheat price. -
. CWB barley prxce:r
lwheat y1eld
L barley yleld
-~ canola. yield

wheat discount ft.

» barley discount. ft. .
_canola discount ft.
,'yReglon#lS o ’
--Chloago wheat .

- Winn. ‘Barley.

" Winn. Canola =
. 'CWB wheat -

1ch Barley

Chic. Nheat przce

- ‘Winn. Brly price-
'w1nn.-Cangla price .
.. CWB..wheat price
* CWB..barYey prnce -
. wheat y1eld
: barley y;old
- canola ‘yield
. wheat ' d;scount ft.
. barley discount ft.
' ‘canola discount ft. .

v

.;.85897[{;};ﬁ:m
S 1.0877 7
B T

‘ila089

S 42090 T
S 1L9916
L 1.3254
14932
1 .1583

.4733.

-.5208

-ls116

i.1138 AR
o {0566

o

A

‘. 6896.

g“;l;0431 LT
F 1,307 0
Tv }0633”1v7“‘
. 1.9916!
.. 71,3254
n'-u{*'7178ﬁ
1.4932
L1583
, T-6851"
L3075
5% 00713

-.356

~.3990

©1:2023

81785
~.0288 -
L2696
24219

.0442 -
- .2.0813

1.264

S T.B296 . #
11,3982 .
S 1715
’r-'287l, o
. 3956 -
S a92730
.-_1758;u‘
S =1.283
. 1.1944

......




‘ingeglon#15'7 
. Chicago: ‘Wheat:
“.Winn, Barley.

v WERRG Canola

'f§ﬁcws ‘wheat ‘]f%}
' CWB- Barley Sy

- .Chic." Wheat: price o

-f_Vth. Brly pri

~* Winn.’ Canola p_lce L
. cwWB: wheat’ price: B e

1% CWB:-barley. prlce ;vif*?”
T wheat yleld

ijarley y1e1d
‘cahola yield. - ..
.wheat~ discount ft

.;hﬁbarley dlscount ft :

', canola’ gxscqunt_ft-

C-lmisz ey lies2t

S =.0201 7 it -0683
i '5:- “_f- 7118

- .'? 1 576
R L4165

-.1027
o287
| 5326

U i ‘

\*'wfi*;;97?2-**“
1826
,5479733f-'”“' B
='.5048

STy
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._."_-.-'E V fronuers Thc followmg malhcmaucal dcmon§trauon is purcly 1llnstrauve

‘6 _.Malhemaueally. thc problem ma) be appmachcd as one of nsk mmlmu.auon gwen thc - ’

o

5 ='consua;ms Of mcome a"d ""”“""“' “5‘ A usranglan objecuve funcuon (z) for nsk
) .-‘mmumzauon may be reprcsemed as -
o iliz zzw wJ °J + ‘(sz E')+7\ :(zEw l) ' ’
wherc 8 7 -—nghl of each crop_v el e Do T

i .'£—-expected mcome
ey ;"‘x,-xncome«constramt : ‘_ A' e : -
:v}\,_resource conslraml R ST
) ‘.":Vaf(l' )-wwx’(on‘*'an '2°xs)+wz (‘7:2+°n ‘2013)"‘“’1(201;‘20») +Wz(2°n'2°n)+wlwz e
j“_lsovanance elxpses are lhe locus of pomts whnch represem ponfohos wnh the samc vanabxhty
,f :_ . T These elnpses are equwalent to rxsk xsoquants : ' . g

B-—uzal) 203,+2W1 (ajg +0"-0,, '02:) : 1 ' “ ‘ -

g

' Cv—ﬂwz (an‘*‘&u‘z °13)+W1(2°n'2°::) +a,,-Var(r

w,-\,B-l-/ ¢B=-4AC/2A L e

Usihg t_h'g aibovc%&prbcédinev for graphing movanance chpses, 'l'}tx_c"fol:l‘bwin Spv

e

B



Thc f ust ordcr condmons or lhe Lagrangxan obJecuve f uncuon wm be,: o e

‘ az/awl 2w,0,,+2\v; 0,z+2\\-0n+)\ ,E,+>‘,-0 . - ‘_ ‘ ,
S az/awz 2w;a,,+2w, a,,+2w,o,‘+7\ ,E,+7«,-—0 o |
:A:u_:;'v;'fBZ/aw3 2w,a,,+2w, o,,+2w,a,,+>\ E,-H\,-O _ e
BZ/al,~w++w,+w,l 0 | e &
o az/ax,_w,r-.,+ w,E,+w.E,-£‘—O |
'malm':'” | IR Sl e T
| --.2_;1:’, S o . .‘_"2‘;11 o 20,5 = .~ l".aE’,; | ﬂ ' FWJ
’__20’,,':__,»\‘_ B _."'"2a,,5[':-_ fg_,;»_r SR 1 wil '__,,'0‘ :
":20,',-" e "',_;7'20,, o L Ep ‘ ! w,. C 0-

lvee e 0

"-—‘

(=
OO
N Sitid

»

L)

EE . B . E

The ef’ f icient f ronUer may be generated by mvemng the matnx C representauon and ‘
"""altermg E°. Note thxs analysus assumes full knowledge of costs, but has been mcluded lo _

" _'lllustrate the techmcal approach By subsutuung mf ormanon T rom the umnsured revenue

E covanances 1he followmg graph resulted A' R S _-'- L
wherew,_-o312+ 0038E‘ R L Ts R
j-’w,=-4 BIAOAMES N S
T A=1426, 285.11.5581-:‘ e R T
'x,=-17631;2.-7+1405,93"' B R R U S
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