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~ WEATHER VARIATION AS A COST- PRICE'UNCERTAINTY FACTGR o bavis
s T AFFECTS CORN'AND SOYBEAN PRODUCTION NOV 41975
by Roy 'ﬁ__B:_l a ck | - Agricultural Economics Library
'“There is enough evidence of cyc11ca1
patterns in weather yar1ab111ty, howeyer, :
' to advise against treatment of weather as 5
a random variable; but variability is not ~ - !
" yythmic enough to produce a prediction
‘equation." o »hg'-Fﬁw..
,’”INTRODUCTION o | T ;

The process of attempt1ng to pred1ct c11mate and its resu]tant

impact on agr1cu1tura1 output'and»prtces is hard]y a new venture | Hersche]

' conducted a deta11ed study of solar act1v1ty 1n the late 1700 's, not1ng

- an apparent relat1onsh1p with severity of c11mate He subsequent]y

;'compared these re]at10nsh1ps with wheat price Stat‘St‘Cs c°mp‘IEd by T

-:tAdam Sm1th for Wealth of Nat1ons. Wa11ace, in 1920 used mu1t1p1e

'regress1on methods to est1mate the 1mpact of meteor01091ca1 var1ab1es on

corn y1e1d Th1s work contr1buted to the 1dea of the ever-norma1 granary

A number of stud1es exam1n1ng c11mat1c var1ab1]1ty and food reserve p011cy '

' were deve]oped 1n the m1d-1960 s at the Center for Agr1cu1tura1 and Econom1c

aDeve1opment at Towa State Un1vers1ty and 1n the USDA
Many authors, in" the ]ate 1960's and early 1970 s suggested drouth
wou1d occur in the Great Plains and Nestern Corn Be]t in the mid-1970 S.
Borchert (1971) ‘for example, de11vered h1s pres1dent1a1 address before
ethe Assoc1ation of Americah Geographers on the topic “The Dust Bowl in
'the-1970 s." Newman (1969) suggested s1m11ar c11mat1c deviations could
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_ be expected in other middle 1at1tude contlnental areas of the wor]d
1nclud1ng certa1n parts of the USSR Eastern Europe, and Austra11a |
However, the severity: of - the dry years of the 1930 s and 1950 S ‘was not
‘Tikely to occur until the ‘end of the,secondsand fourth decades of the
‘next century. _ f - , -

| Long-term temperature changes have received much attention toot>
-:StUdies reveal:a-coo1ing'trend in’the'midd1e'1atitUdes 'starting‘in the‘.
1940's as can-berseen~in-Figure 1. As a result, ‘the grow1ng season is
two weeks shorter in- Engiand<than'1t was in the 1930' s. -At Mad1son, ‘\
W1scons1n, there has been a ‘8 percent 1ncrease in heat1ng—degree-days,}

an- 1ndex assoc1ated w1th “fuel consumption. Rev1ew art1c1es on c]1mat1c

A change and its 1mpact on agr1cu1ture 1nc1ude Bryson (1974), Ka1n1cky (1974),

Newman (1974), and Thompson (1975). &
Pr1ce po]1cy 1mpl1catlons of climatic change, for agr1cu1ture.

and for the generaI economy, have rece1ved more attent1on 1n the current |
context than in: the 1930 s and 1950 s s1nce feed gra1n "surp]uses" ex1sted
durlng ear11er dry perlods The adm1n1strator of the Nat*ona] Oceanlc and
Atmospher1c Adm1n1strat1on, for examp]e, commlss1oned a study in. 1973 of |
the 1nf1uence of c11mate on gra1n y1e1ds to 1nsure that agr1cu1tura1 export
po]1cy be formu]ated in a manner cons1stent w1th best cl1mato]oglca1 )
Judgement (McQu1gg,v1973) ~In 1975, climatologists br1efed Wh1te House 7 :
-A1des and test1f1ed before the House Agr1cu1tura1 Comm1ttee

': Th]S article reviews an attempt to- 1ntegrate c11mate 1nto pr1ce

forecast1ng methodology, to develop supply 1mp1icat1ons for use in

formulation of 1nventory,pol1cy, and to assess 1mpacts on-cost of.productibn.

"



'CONCEPTUAL FRAMEhORK s _,
An exam1nat1on of the 1mpact of ‘weather -on suppiy and.demand

'funct1ons prov1des a usefu1 starting po1nt The: ‘impact on the productidn
funct1on and on producer strategies in resource ahd product a]locat1on
’_has rece1ved cons1derab1e study Two po1nts stand out. As variability
1ncreases, output forthcoming from the system for a part1cu1ar 1nput
conf1gurat1on is Tess than 1t woqu be under a less var1ab1e system B
- Second, producers, as-a resu]t;of price and y1e1d risk, emp]oy fewer
vinputs than if their expected'prices were her_with certainty. -These arel
important points tovconsider*initoreCaStingfplanted acreage, yield per -
| acre and resources demanded-' Further, Since the demand for'feed'grains f
and soybeans 1s a der1ved one;, var1ab111ty in price and supp]y has a L
s1m11ar 1mpact as on. the supply side. '

“The precision with which weather‘variabiesvcan.be‘fOrecast'ts an
~ important element in the analysis. At the farm,]evel,xperception of the
odds of alternative weather events influences the,leveT'of%resource'use
including‘irrigation and choices among crbp'comhinations,"ImpaCts'on
financial hanagement are substahtiaT*and'contractual cOnsjderations'
including the- percent of crop- to forward contract or -hedge must be
carefully welghed ‘There is a tendency, as the level of aggregat1on
| increases, for,good and bad eventS;to cance1 But, even on the 1nternat1ona1
scale, there is evidence-drouth periods tend to occur SJmultaneously in the
feed gra1n and wheat produc1ng areas of the middle latitudes. In the'mid- |
1930's, for examp]e, yields were poor in Russia, Argentina, and Australia
as well as in the U.S.  Thus, 1n deve]oplng.proaect1ons for exportvdemand,
itﬁbecomes important,to pe able.tO»characterize weather events on a”giobaﬁ .‘

basis.
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What is the ev1dence for cyc11ca1 patterns7 Is drouth a random |
event or does it exh1b1t a re-occurrence at regular 1ntervals7 It 15,
’1mportant to recogn1ze, at the outset, .that there have been nearly as_ .
‘many c11mat1c cycles reported in the 11terature as. there ‘have been "cyc]e
hunters.“’ Ana]ysts must be exceed1ng]y careful to not dredge up art1facts,
it-isfimportant:to be able to develop re?at10nsh1ps on‘plaus1b]e phys1ca1
relationships. o . | |

Much of the work in c11mato1ogy is ana]agous to economics Early
work 1nv01ved search1ng out emp1r1ca1 re]at1onsh1ps, 1nc1ud1ng attemptlng
to flnd cyc1es. Later, c11matoioglsts moved toward deve]op1ng more -
systemat1c genera1 equ111br1um models; in the last 20 years, part1cu1ar]y
,1" the decade, much work has been done to develop computer s1mu1atlon *o
models of the’ earth's c]xmate (Matthews 1971) As 1h econom1cs fa1r1y
s1mp1e mode]s may forecast as we11 or better than more comp11cated
formu]at1ons.} Budgets for research 1n this area have been expanded as a}
result of the 1mportance in assess1ng man's 1mpact upon c11mate

The earth is a c]osed system except for energy from the’ sun,‘
var1at1on 1n so]ar act1v1ty and in the earth‘s orbit and t11t of the
polar axis are the pr1nc1pa1 exogenous variables wh1ch-determ1ne c]1mat1c'%

1 But, only so]ar act1v1ty exh1b1ts s1gn1f1cant var1at1on over

| variation-«
'.short (re]at1ve1y) per1ods._ For examp]e, a rapid. change occurs when day
‘turns 1nto n1ght as a result of the amount of solar energy that a p01nt ‘
on earth rece1ves, daxiy temperature exhibits a we]l def1ned 24 hour cycie.
51m11ar1y, the rotat1on of the earth about ‘the. sun affects the amount of
energy that var1ous po1nts on - ‘the earth receive, g1v1ng rise to seasona]

changes 1n c]lmate
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Sunspot act1v1ty, therefore probabiy so]ar energy, tends to
exhablt cyclica1 behav1or Further, there appears to be a re]at1onsh1p
between sunspot act1vity and c1imatic cycles. 1n North Amer1ca and
correspond1ng 1at1tudes, sunspot act1v1ty and c11mat1c change appear to
be re1ated in an approx1mate1y 22 year cycle cons1st1ng of two 11 year
""cycIes Each ]1 year cyc?e 1s however, dafferent at the beg1nn1ng of
each cycle the po?ar1ty of the magnetwc f1e1d assoc1ated W1th sunspots =
comp]ete]y reverses between the two solar surfaces Thus, the charged
.part1c1es reach1ng the earth S upper atmosphere from the sun - behave
‘».d1fferent1y from one cyc1e to the next o
| The two cyc]es do not have the same 1nf1uence on chmate In
one 11 year cyc]e (m1nor), sunspot. act1v1ty has 11tt1e impact on climatic
change In the other cyc]e (maJor) ‘both maximum and minimum activity
Hproduce a shift in c11mate C]1mato]og1sts ‘have observed str1k1ng
, d1fferences in the genera] c1rcu1at1on of the earth s atmosphere from
| one 11 year per1od to the next Per1ods of drouth tend _to begin near the‘
end of the minor effect per1od as SunSpotvactivity approaches a minimum;
drouth tends to cont1nue unt11 the fo]]owlng peak in sunspot act1v1ty |
dur1ng the maJor cyc]e MaJor effect m1n1mum sunspot periods occurred
in 1866, 1888, 1912, 1933 and 1954, | EOEE
» Per1od1c1t1es 1n the sunspot cyc1e are we]] estab]1shed with . |
’ short-run peaks est1mated at 10 9 to ]1 3 years however, pred1ct1on of
| max1ma and m1n1ma rema1ns 1mperc1se with cycles rang1ng between 9 and
13 years A longer frequency, perhaps 90 years, has been est1mated, if ,.
true, maJor character1st1cs should repeat themse1ves every 180 years ,
' F1gure 2 dep1cts sunspot act1v1ty and drouth 1n Nebraska for the

‘/1ast'200 years ~Sunspot numbers for the maJor cyc]es are p]otted above
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the ”0" ax1s, for. the m1nor cyc]es below Vertica] lwnes dep1ct the T
' beg1nn1ng of each maJor cyc1e, the hor1zonta1 lines dep1ct drouth per1ods
'A relat1onship between sunspot numbers and drouth ex1$ts one too strong |
to 1gnore in dec1s1on mak1ng, however, a substant1a1 port1on of the ‘f ‘
‘var1at1on rema1ns unexp1a1ned Two prob]ems from a forecast1ng perspect1ve,
'exist. Flrst, the start of the drouth per1od re]at1ve to the beg1nn1ng of
the maaor cycle must be pred1cted Use of a two year 1ead has been av\
common. rule-of—thumb that wou]d have worked well for the 1930 s and 1950‘
but poorly in earlier’ per1ods Further, a11 Nebraska drouths d1d not ,t
end at the peak of the maJor cycie S

F1gure 3, based upon Thompson (1970) dep1cts Centra] and Western
Corn Be]t corn y1e1d leve]s adJusted to- 1973 techno]ogy, vert1ca] 11nes
dep1ct the per1od from the beg1nn1ng of the maJor cycle to 1ts peak N
Forecast accuracy is’ 1mproved by tak1ng exp11c1t account of cyc]1c f*nj:jf
patterns - », T . _ - S
_ What about the 1970 s? The current sunspot cyc]e, a mlnor, was o
proaected, in 1969, to reach a m1n1mum 1n 1974 75, 1t has been Ionger |
'than»average, near1y~13 years More recent]y, December 1974 the minimum )
level of sunspot act1v1ty was proaected to occur between late 1975 and
.1977 The next cyc]e 15 expected to have a broad peak perhaps reach1ng '
1ts max1mum sunspot act1v1ty in 1982 a pattern s1m11ar to the 1ate 1800 S: |
FORECASTING 1975 76 CORN AND SOYBEAN PRICES - |

An appra1sa1 of our view of the role of app11ed pr1ce outlook as
it relates to’ management and po]icy dec1s1on making, is 1n order _
Pr1ce forecasts and management decis1ons need to be cons1dered Jo1nt1y

For examp]e, producers ask "To what extent shou]d I adJust product1on
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p]ans to expected changes in pr1ces “and in product1on re1at1onships°“
: It becomes 1mportant to be ab]e to character1ze not only the expected
value of ‘the forecast but: mean1ngfu1 measures of 1ts dlspers1on, perhaps '
1nc1ud1ng a descr1pt1on of the odds of dlfferent events where events are
-defined as prices or supp11es forthcom1ng 2.
eof outcomes and whether or not certatn of the extremes whtch coqu ar1se
under a strategy are acceptab]e 1s useful 4 | , ‘

| | Therefore, 1n 0ctober 1974 a group of us w1th extens1on out?ook .
management, and po]1cy respons1b111t1es met to formuTate our program for_~w
'fFa1]T1974 and 1975, With feed grain and soybean stocks expected to- be ~ﬂ’:
“near pipeline Tevels at the end of the 1974-75 crop year, weather was.

'go1ng to be a cr1t1ca1 determtnant of supply forthcom1ng Our initial

' .,work was character1z1ng 1mpacts of U S weather, subsequent events and

a more deta11ed study of c11matology, suggest more effort shou]d have -
f been devoted to a character1zat1on of: weather on an 1nternat1ona1 sca1e
“at the expense of other mode11ng work = S |

,} Our bas1c thrust was to est1mate the odds of alternat1ve corn,,:‘
soybean, and wheat y1e1ds, to place each event in a genera1 supp]y -demand
framework to pred1ct the probab]e gratn, 01lseed and 11vestock prices
assoc1ated w1th the weather event and u1t1mate1y, to deve]op the odds
of a]ternat1ve pr1ces The odds of a]ternat1ve 1evels of export demand,
based upon 1nternat1ona1 weather events, were not. developed, th1s was a.
cr1t1ca1 shortcom1ng .

Table 1 dep1cts our est1mate of the odds of a]ternat1ve ylelds

| »vlevels for corn The odds were: developed in a "qu1ck and d1rty" fashion

consistent w1th our budget and time constra1nts A;trend-was estimated:

~ Too, knowledge of the range.i ,
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for the period 1935 to 1973, dropping the blight year. The odds were
deve]oped from: the d1str1but1on of percentage yields dev1at1ons about .
- trend; Tittle formal work was done with the covar1ance of corn and soybean B
yields, although a’ high pos1tive one was assumed 1n our price ana1yses 3. fi?
The next . step requ1red making adJustments from trend for 1975 o

condattons 1nc1ud1ng seed qua11ty, 1nput ava1]ab111ty and the 1mpact of

‘ ;.ferti11zer and chem1ca1 pr1ces on. app11cat1on rates 1and qua11ty and

~ increased-odds of drouth in the Western Corn Be1t to estab11sh an adJusted ;ﬁ
”i'expected va]ue The odds were caicu]ated with respect to that base
‘Table 1 was est1mated in’ Gctober 1975 with subsequent updat1ng and
revis1on L . R o
| Nhat pr1ces d1d we pred1ct in October 1974? The corn pr1ce _1 B
’assoc1ated w1th ‘the most 11ke1y yield 91 to 92 bushe]s per acre, was.g,i”'i.
$2 40 per bushel, U.S. farm average for the crop year A bumper crop,i}- ;du
) odds of 1-out of 155" was p]aced at $1 70 while the poorest crop was set%“i ;
~at $3. 25- $3 50 Prlces, 1n vary1ng detai] were ca]culated for the ba1ance
of the feed grain 11vestock sector. The forecasts were made ava11ab1e 1n o
our out]ook extens1on program (e g , B]ack and Ferr1s, 1975), farm press,
to: the USDA and, to a: limited' extent, through proJect COIN (1975)
FURTHER ‘IMPLICATIONS | R
There are'a number of shortcom1ngs, 1mpacts of wh1ch we hope to -
'reduce in the com1ng year F1rst, our c11matolog1ca1 foundat1ons were
weak, much of what has been reported here has deve1oped in Summer 1975
, As the crop year: progresses, a ‘general assessment of the cond1t1ona1 '
| probab111ty of- d1fferent events based upon weather developments through

the season shou]d be made Baker (19ﬂ;'1gfor examp!e, attempted to assess

the odds of recharge of so1] mo1sture for Southwestern M1nnesota Finally,



a more forma] mode1 with a strong 1nternat1ona1 component is needed to -
1mprove the forecasting process and 1nsure greater con51stency Work is
we]l along here too. |
The re]evance of thlS framework for agr1cu1tura1 pol1cy is read11y;
epparent The odds, for example, w0u1d be 1mportant in prOJect1ng cost
per unit of production and governmental cost of a1ternat1ve target pr1ces
Work on the odds of alternative events, netted out on an 1nternat1onal
basis, is crucial to reserve p011cy 1nc1ud1ng 1nventory po]1cy formulation

for the major grajn_exporting_f1rms,

Table 1. U.S. Corn Crop Prospects

Odds - Y1e'|d o Crop

bu. /harvested acre - ‘ biil. bu
lins B L 4
im0 .8 . 54
1in5 . - Y
14n3 . gl-92 60
Tins g o 6.3

tints w2 | 6.7




 Bushels Per- Acre:

Sunspot Numbers

6

e

+0 -

1880 19oo i 1920 1949 Y 1960 |

: Figure l. Variation of thé Nertherr Hemisphere

110
100

90

Temperature fromithe 1885-1890 Mean

.A‘
]

S I

L3
[ ;

- e Qi G55 . G e " G e 0 G o inin o
iy . . . .
L3
*:

n

N

|
L
, f PRI
o " "

R
L

e W

- B L 3 . . .
S — - - e e = g W
’ (&l -

N

1

|
b
1,
.
t
“1
¢l
'y
1°
I
B
o
K
I

I
Al

! e 0 S W . D GEp. S G .- ) N GeP . Swm W D WS
T e e i o e G, G G @ W Qe e o
N : el .

d - - - -:“._.,
®:

1890 1910  -1930° 1950 1970

o
-

J_.. o
: R
==

| Figure 3. Simulated Five State. Weighted

Average Corn Yields Using : ‘

1973 Teéchnhology and Harvested -
~ Acreage: Ohio, Indiana. Illinoin.

Iowa. and Missouri -

L L) .
R0 B B IR

" Drouth L
' Pertods |

° . o o
g "' -

.er‘¢ﬁ L '1206'

mh17.ouii

o Figure 2. Solar Cycle and Drouth 1n Nebraska

g :

200
100
.0

| BRI o ~1~ o Tt » P R, i dod i ‘
.820 '1860 1900 1940 1980



~ FOOTNOTES
E Roy B]ack is an Assistant Professor in the Department of

Agficu]tufal»Ecénomics at Michigén:State University. R

~The -ideas presented werelinfldenced by a number of Agricultural-
Economists;’particu?a?]yhae;Dike5 L. Kyle, P; Hasbargen, and J. Ferris,
as well as'CTimafo1ogist Dale Linvill. )

This work was‘conducted under Michigan Experiment Stafion
Projett 1229, "Improving Marketing Inte]iigence in the qud System."
o This section follows Lamb (1972), Newman (1969), and recent

articles in Science, Nature, and the Bulletin of the American -

Meteorological Sociefx,

2 Note théf E[f(x,y)] # f[E(x),E(y)] if f(x,y) is nonlinear where

XY ake_randbm variables and E is the expectation operator. Further,;in
examining probabf1ity cdnsequences, most weather-déta’is not normally
‘distributed and it appggfs,year “effects are often not statistically |
independent. B . ’

| _3Superior methdds have'been followed; a Céreful review of the
Titerature is sﬁggésted;;AUnfbrtunateTy, the data series are not readily
avai?able. vSee,'fgr exampie, Héady and Auer (1966), Dale (1961, 1975),
Doi1 (1967), Johnson and GQStafsohj(IQGZ),'Shaw (1964), Stallings (1961),
and Thompson'(1969, 1970, 1975). Problems include separating weather,
ntechno1ogy, irrigation, and location ofvproduction impacts. Too,"
seasonal weather patterns influence crops differentially; it is possible

- for one crop to be excellent, another near disaster, given the same season.
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