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ABSTRACT

Building off an earlier study, the relationship between corn vield and
weather variables in ten counties in Illinois from 1951 to 1980 is studied. First dif-
ferences in corn yield were computed and used to identify a change in the pattern
of vield variability occurring after 1965-66. For each county, the time series of
average per acre vicld of corn was regressed in a slepwise fashion against weather
variables using an additive model. From the regression results, a coefficient of
variation wus calculated showing the amount variation in the corn yield explained
by the weather variables, In comparison to similar coefficients derived from an
earlier study, the results of the present study indicate a marked inercase in the
amount of yield variability attributed to weather. Consequently, furmers are
dealing with greater weather induced vield variability in corn than previously.

INTRODUCTION

Farmers operate in an uncertain world in which the impact of their mana-
gerial decisions on net farm income is affected by many factors bevond their con-
trol. Such factors include changes in commodity prices, input costs, and crop
vield. In this study, we take up an investigation initially reported by Changnon
and Neill in 1967. In that study thev used estimates of the relationship between
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corn vield and weather variables to delineate regions of Illinois with similar
weather dependent, corn vield variability., The significance of such research de-
rives [rom the possibility of farmers adopting managerial strategies to lessen the
adverse impacts of climatically induced yield variability as well as the needs of
actuaries warking for crop insurance programs to develop estimates of spatial
vield variability.

Since the completion of the earlicr study by Changnon and Neill, evidence
has accumulated indicating change in eorn vield variability. The corn vields in I1-
linois during the 1951-80 period seem to show great vear lo vear variability,
especially since 1965 (fig. 1). This variability is further highlighted when the first
differences in the yearly vields are plotted (fig. 2). (A first difference is the dif-
ference in the observations for yvear i and year i - 1 in a time series. [Tintner 1940;
Carter and Dean, 1960]). Additionally, a number of investigators huve
hypothesized that the nature of the variability of kev climatic parameters has
changed as well (e.g. Dyer 1978; Skaggs, 1978 and Thompson, 1975). The ques-
tion that ariscs from these observations is, ‘Is the increased vicld variubility in T1-
linois during the period 1951 through 1980 weather induced?

If erop vield variability has increased in response to increased climatic varia-
bility, then application of the same crop climate model to two different time
periods should show that weather variubles for the period increased climatic
variability account for a larger share in the explanation of yield variability. To
test this hypothesis we repeated a portion of the Changnon and Neil! study using a
time series of yield and climatic data partially overlapping the data of the earlier
study, i.e.. 1951 through 1980 vs. 1930 through 1963, County data for one sumple
county from each of the Crop Reporting Districts of Illinois were used. Due to
local interest, Jackson County was also ineluded.

MATERIALS AND METHQD

Data on the average per acre vield of corn and weather variables were col-
lected from ten counties throughout Ulinois. The data on vields were eollected
from the Illinois Cooperative Crop Reporting Service. The data on the climatic
variables were collected from U.S. Weather Stations located in the respective
counties und adjacent to them. The map in fig. 3 indicates the counties studies as
well as the weather stations from which data were obtained, The weather varia-
bles used in the analysis paralleled those used by Changnon and Neill: mean
temperatures for the months of May. June, July and August; total rainfall for
June, July and August and preseason precipitation (September through Mav}.

T their study Changnon and Neill used two sets of dummy numbers follow-
ing Thompson, 1966; one set representing the gencral trend of technology in the
1930-57 perivd and the second set expressing an accelerated technology elfect
since 1958. Instead of using two sets, in this study one sel of dummy variables was
used with a uniform rate of change till 1960 and an accelerated rate of change in
the later years; both rates follow the trend in fertilizer use for Illinois.

Changnon and Neill used all the 102 counties in their study, In the present
study, onc sample county was chosen from each Crop Reporting District; the
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choice was based on availability of climatic data [or the period of study. The
counties included in the study and their corresponding Crop Reporting Districts in
parenthesis are: McHenry (Northeast), Burcau (Northwest), McDonough (Waest),
Meclean (Central), Vermillion (East), Sangamon (West Southwest), Shelby (Tlast
Southeast), Wayvne (Southeast) and $t. Clair and Jackson (Southwest).

For cach county, the time series of average per acre vield was regressed in a
stepwise fashion against the weather variables using an addilive model. The exaet
functional lorms used in the earlier study were unreported and unavailable from
the authors. For each regression model, relovant statistics were caleulated using
programs contained in Statistival Package for the Social Sciences (SPSS), ¢.g., R?,
R, Durbin-Watson, standard errors of the estimated coefficients. In addition, we
calculated the cocfficient of variation used by Changnon and Neill to identify
regions of the state with different degrees of wealher dependent vield variability.
The coefficient of variation is calculated as follows:

Coefficient of Variation = Mean Yield

As this coefficient of variation increases, it implies that more and more of the
variation in the vield is explained by the variables included in the regression cqua-
tion, in this case weather. The results from out analysis were then compared to the
results of the carlier study using this coeflicient of variation.

RESULTS AND DISCUSSION

Yield per acre was regressed on the eight weather variables previously used in
the Changnon and Neill study. The results obtained from the present study are
contained in table 1. The table indicates a number of interesting results, first
across the counties studied there is a large amount of variation in the R%s and the
R%. The range in R* is from 0.26 for McDonough County in the West Crop Repor-
ting Distriet to 0.61 for St. Clair County in the Southwestern Crop Report-
ing District. The small B?s indicate a need to reduce the number of independent
variables. This has been done in subsequent analyses, This need for a reduction in
the number of independent variables is also indicated by the limited number of
independent variables that have statistically significant estimated coefficients.
The Durbin-Watson statistics indicate a potential problem with serial autocor-
relation, in most cases the statistic falls into the indecisive range [or the test. This
indicates the need to look at a new functional form, e.g., log linear or some other
curvilinear form, or the use of generalized least squares. Across the estimated
maodels in table 1, we see that there is extensive variation in the size of the
estimated coelficients {or the same variable across counties as well as variation in
sigm.

For example, the sign of July temperature (JLT) is negative across all the sites
indicating that as average July temperature increases, all else held constant, that
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corn yields decline. However, the actual size of the estimated coelficient ranges
from alow of —0.29 [or McHenry County in the the Northeastern Crop Reporting
District to a high of - 6.72 in McLean County in the Central Crop Reporting
District. Similarly for June temperature (J T} we find that the sign of the estimated
coefficients is negative for all the sites except for MceHenry County where it is
positive and significant at the 10% level. Perhaps this is due to the facl that among
the counties studied this counly is located in the northernmost part of the state.

August precipitation (AP) is another example of variability in the estimated
coefficients across the study counties. August precipitation is significant in
Wavne, McHenry, Vermillion, 8t. Clair and Jackson Counties. Across the coun-
ties, August precipitation is positively related to vicld except in McDonough
County. In six of the sites we find that the positive effcet of August precipitation is
balanced by the negative effect of August temperature. Indeed. out next step is the
develepment of a new variable capturing the joint effects of such variables.

Compauring the coeflicients of variations from this study and the earlier one
by Changnon and Neill {table 2}, we find that for all the counties studied, there
has been a significant increase in the amount of variability in corn vields attrib-
uted to the weather variables. Only for the case of Shelby County do we [ind that
the new coelficient of variations is eontained in the bounds reported by Changnon
and Neill. For the other counties, there has been a marked increase, indicating the
increased influence of weather variabilily on year to year yield variability. This
can be taken as an indication of increased weather variability.

The weather events during the last 10-12 vears suggest increased vear to year
variability compared to the years before, The Southern Leaf Blight during 1970,
the early freeze during 1974 and the dry summer of 1980 caused large vield reduc-
lions. The 1960's, on the other hand, were generally favorable years for corn.
Consequently, we cun conclude that farmers in thesc arcas are finding an increas-
ed portion of the variabilily in corn yvields attributed to weather variation.

In the Changnon and Neill study additional regressions of hoth technology
and weather factors with corn vields produced correlation eceffictents above (0.88
in all counties. Table 3 shows the R2s, R%s and Durbin Watson statisitics obtained
in our updated study. The R%s range from 0.77 for Wayne County (SE) to 0.91
for McHenry County (NE}. The technology variable is significant for all the coun-
ties. July ternperature is the most signilicant weather variable with the level of sig-
nificance ranging between 1% and 10% . July precipilation is the next significant
weather variable followed by August temperature and August precipitation. Six
counties showed significant, cstimated cocfficient for July precipitation. Most of
these counties are in the southern part of the state, e.g.. Wayne (SE), St. Clair
(SW), Shelby (ESE), Jackson {SW). The counties not in the southern part and
showing u significant, estimated coelficient for July precipitation are MeDonough
(W) and McHenry (NE).

Similar observation can be made about Augusl temperature. The countics
with significant, estimated cocfficients are Sangamon (WSW). Shelby (ESE),
Jackson (SW) and Wayne (SE). The pattern agrees with the areas of high and low
correlation found by Changnon and Neill. August precipitation does not show
such regional differences: the countics with significant, estimated coefficients are
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McHenry (NE), MeDonough (W) und Wayne (SE). June temperatures show a
significant effect on yield only in McHenry County whereas June precipitation
shows signilicance for Wayne County (ESE) only. May temperature shows a
significant positive relutionship with vields at Sangamon (W5W) und Shelby
(ESE) Counties. Although preseason precipilation shows a significant effect in

McHenry (NE) and St. Clair (SW) Counties. the signs for the cocfficients are
opposite.

SUMMARY

Qur analysis indicated that during the last thirty vears there has been an in-
crease In corn yield variability attributed to weather. This increase needs (o be
further verificd by using other appropriate functional forms in the regression
analysis. In addition, an effort must be made to move away [rom the use of monthly
data and begin specilving weather variubles that more closely approximating
weather factors influencing yield throughout the growing season, i.e., a drought
index, wet days and dry days, ete. Even given these limitations, the data indicate
that tarmers throughout Illinois have experienced greater variation in the vield of
corn from weather factors than previously, "This increase in variabhility influences
the decisions farmers make with repect to crop management, markefing strate-
gies, and on-farm investment. Consequently, farmers require strategics to help
them minimize the negative offects of increased weather-dependent variability in
corn yields.
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Table 2. A Comparison of Coefficients of Variation in Two Studies for Two Dil-
ferent Time Periods.
Arca Cv1 CvV 2
Bureau County 8-14 21
(Northwest)
McHenry County 15-19 25
{Northcast)
McDonough 15-19 42
{(West)
Vermillion 15-19 32
{East)
Sangamon 20-24 32
{(West Southwest)
Shelby 29-38 37
{East Southeast)
St. Clair 29-38 46
{Southwest)
Wayne 29-38 45
{Southeast)
CV I 1931-1963. from Changnon and Neill, 1967,
CV 2: 1951-1980, from present stuey.
Fig. 1. Yield of Corn in Bushels Over Fig. 2. First-Differences in Corn Yield
Time fur Three Selected Counties Over Time for Three Selected
in (llinois, 1951-1980 Counties in Illinois, 1851-1980
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Names of Weather Stations

Marengo

Anlioch 2 NW
McHenry Lock & Dam
Barrington

Walnut

Tiskilwa 2 SE
Hennepin Power Plant
I.aHarpe

Mucomb

Avon 3 NE

Chenna

Bloomington Water Works
Downs 2 NE

Farmer City
Hoopeston | SE
Dunville

Sidell

Springlield WSO AP
Virden 1 N

Kinkaid

Mowengna

Pana

Windsor

Effingham

Cahokia

Belleville So. I, Univ.
Waterloo

Sparta

Cisne 2 ESE

Wayne City 1 N
Fairfield Radio WFIW
DuQuoin 4 SE

Grand Tower 2 N
Carhondale Sewage Plant
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