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1. INTRODUCTION

The estimation of crop production involves determination of both acreage and

yield. Techniques for estimating acreage from remotely sensed data require

a knowledge of how crop growth progresses through the growing season.

Separation of similar crops is largely dependent upon differences in their

respective development cycles in at least a part of the season.

Yield models are dependent upon crop stage information in order to relate

weather events to specific stages of the crop's growth. Whereas both

agrometeorological and spectral crop calendar models may be used, the

simplest form of growth stage information is the average date when a

specified percentage of ehe crop is at each stage; e.g., 50-percent date for

heading of wheat. Howr;ver, for such information to be useful, the variability

of each stage date about the mean is needed.

Described in this report is an analysis of historical crop stage data for

determining the correlation and the covariance between stages of a specific

crop and between crops.

2. METHOD

For 11 states, crop calendar stage dates were obtained from the U.S.

Department of Agriculture (USDA) Statistical Reporting Service for 12 crops

at the Crop Reporting District (CRD) level covering a 4- or 5-year period.

Table 1 is a list of crops and the states where they occur as well as the

number of years of data collected for each state.

For South Dakota, Minnesota, Nebraska, and Iowa, weekly stage dates were

available and the 10-, 50-, and 90-percent stage dates were calculated.

Extrapolation techniques were developed to recover data when the observation

period did not include complete coverage of a stage. The data set does not

always contain consecutive years due to deletion of unsuitable data.
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For Kansas, Illinois, and Indiana, multiyear averages of stage data at 10-day

intervals were obtained, therefore no deviations or correlations between

dates could be calculated.

For all other states, historical average 50-p^)rcent dates were the only data

W	 available. Both historical average 50-percent dates and weekly data were

available for Iowa.

The period of observation and also the specific stages observed varied

by state. The observation usually included planting and harvest

and sometimes flowering or maturity. Stage definitions also varied from state

to state. Hence, an approximately uniform code was developed for the stages

reported and is included in table 2. For states with 50-percent dates, data

were available between 1978 and 1974. For the other states, 5 years of data

were selected between 1975 and 1961, which were the latest years with

complete seasonal data.

A set of standard statistics were calculated based on the data available.

Mean 50-percent dates and s findard deviations were calculated for all

reported stages in each crop of each CRD using the International Mathematical

and Statistical Library (IMSL) package on the Laboratory for Applications of

Remote Sensing (LARS)/Purdue IBM 370/148. Similar programs were used to

calculate mean and standard deviation for the stage-to-stage duration

(50-percent date, stage Y minus 50-percent date, stage X) and the stage entry

period (90-percent date, stage X minus 10-percent date, stage X) for appropriate

stages. Since dates were collected by CRD, state averages (both yearly and

for the entire period) were also calculated. This was done by averaging

unweighted CRD values. Finally, variance/covariance and correlation

matri.es were calculated for various combinations of crops and stages where

knowledge of a statistical relationship could be useful in separating crops

for acreage estimation or for modeling of yields. An examination of prelim-

inary results resulted in a decision that covariances would be calculated on

•	 a statewide basis only because of the high variability of CRD data.

3
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For states where stage percentages throughout the growing period were avail-

able, the 10-, 50-, and 90-percent stage dates were calculated by fitting to

a linear transformation of the logistic curve as follows:

P :	 100	 Logistic curve
l+be-at

or, kn 1P0 - 1 = Ynb + (-a)t	 Linear transform

Y=B+At

where

P	 = percent at stage

t	 = Julian date of stage observation

A,B, and a,b = arbitrary coefficients to be fitted

e	 = base of the natural logarithm

P,n	 = function of the natural logarithm

After fitting, the curve was reverse-substituted with 10 percent, 50 percent,

and 90 percent in order to obtain the appropriate stage dates.

Since this study was expected to show how crop calendar stage dates vary from

one section of the U.S. to another as well as between crops, isoline maps of

stage dates and standard deviations were plotted by assuming that each data

point fell in th y: center of a CRD. Because of the small number of points,

isolines were approximated by hand. Due to high variability and lack of

geographic consistency, individual CRD values were plotted only for some

crop and stage combinations.

For purposes of yield modeling and remote detection, some stages of crops

are more important than others. Statistical reporting services also have

their priorities in record collection. Not only are different crops

considered of sufficient economic importance to warrant recording of stage

dates in each state but also each reporting service records a different

subset of growth stages of these crops. Crop stages are expected to be most

5



variable and have the highest standard deviations in states where a crop is

of minor economic importance. For these reasons, analysis of results concen-

trated on planting, flowering or maturity, and harvest. These stages were most

consistently reported (particularly planting and harvest) and are frequently

critical for both yield modeling and remote monitoring. An early vegetative

stage is also highly desirable, particularl y for remote detection and

differentiation of crops; however, such emergence-type stages are seldom

recorded.

For covariance and correlation analyses, selected stages were analyzed for

different crop: that occurred in the same part of the year; i.e., flowering

of corn, soybeans, and sorghum plus harvest of small grains. Knowledge of

statistical relationships between stages of different crops may allow

estimation of stages of one crop when stages of another crop can be seen

in spectral data.

3. ANALYSIS OF RESULTS

The major map products constructed during this study are indicated in table 3.

Due to the difficulty of reproducing the large quantities of map and tabular

products created during this investigation, only a narrative interpretation

will be given here. The basic data and data products will be retained by the

Lockheed Engineering and Management Services Company, Inc., Agricultural Tech-

nology Section, for review and updating as additional data are received.

3.1 STANDARD DEVIATIONS, STAGE DATES, AND DURATION

Standard deviations vary substantially within and

crops and stages; overall, they range from 1.0 to

and tasseling or flowering of corn, soybeans, and

central states, standard deviations are less than

of harvest dates of corn, soybeans, and sorghum e,

and flowering or tasseling in the south are quite

between states, also between

23.0. However, for planting

sorghum in the northern and

9.0. Standard deviations

ierywhere and of planting

variable, ranging from very

low to about 20.0.

6
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For wheat, oats, barley, and rye, standard deviations are generally high for

planting and low for heading and harvest. Exceptions are standard deviations

for planting of spring barley and winter rye (only in South Dakota and

Minnesota) and harvest of winter wheat in Michigan and Ohio. Also, standard

deviations for winter wheat in Arkansas are high and variable. Except for

the broad regional patterns noted above, there appears to be little geograph-

ical consistency to the standard deviations, though this may be due to the

small samples used in each area.

Stages for winter rye in South Dakota are about the same as for winter wheat.

Corresponding stage dates for spring small-grains are all very close in

South Dakota.

Corn 50-percent planting dates occur about 10 days before soybean and sorghum

5G-percent planti ng dates except in Louisiana and Mississippi where they
are 35 to 50 days earlier than soybeans.

Soybeans and sorghum are planted approximately at the same time in South

Dakota, Nebraska, Kansas, and Louisiana. Sorghum is planted 15 to 30 days

earlier in Arkansas and about 10 days earlier in Mississippi.

Planting duration (90-percent date minus 10-percent date) of corn and soybeans

varies greatly and shows no geographic trend across Nebraska, Iowa, South

Dakota, and Minnesota.

In the states where data were available, corn tasseling occurs 5 to 15 days

before bloom of soybeans and sorghum.

Winter wheat and winker rye are harvested 5 to '15 days earlier than the

spring small-grains in South Dakota. Winter wheat is harvested about 10

days earlier than spring oats throughout the midwest.

The corn harvest occurs later from the south toward the north, which may be

partly due to very early corn planting dates in the southern states. The

8



corn harvest is 40 to 50 days before the soybean harvest in the southern

states but occurs about 10 days after the soybean harvest in the central

and northern states. The sorghum harvest comes between the corn and soybean

harvests, except in Mississippi where sorghum is harvested about 10 days before

corn.

The winter-wheat planting-to-harvest period is longer moving northward from

the south due to early fall planting and late summer harvest in the northern

states.

The planting- to-harvest period for spring oats is about 5 days shorter than

for spring wheat and about 5 days longer than for spring barley in Minnesota.

The planting-to-harvest period for corn is longest in the central states and

is shorter in Mississippi and Louisiana due to early harvest; in Minnesota,

South Dakota, and Wisconsin, it is due to late planting. The soybean

planting-to-harvest period is shorter than that for corn in the northern

and central states and about the same in the southern states. The sorghum

plaiting-to-harvest period is shorter than that for soybeans (or corn) in the

southern states, about the same as that for soybeans in the central states,

and longer than that for soybeans in the northern states.

Cotton is planted about 5 to 15 days after rice and is harvested about 20 days

after rice, therefore the growth period is approximately 10 days longer than

for rice.

3.2 COVARIANCE AND CORRELATION MATRICES

Covariance and correlation matrices between selected stages of different

crops within a given state are shown in tables 4 through 10. The stages

selected are those that occur at approximately the same time. Table 2

should be used as a key to the stages indicated in tables 4 through 10.

The diagonal elements of the covariance matrices give the variance of each

crop at the specified stage. The off-diagonal elements indicate the degree

9
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TABLE 5._ COVARIANCE AND CORRELATION MATRICES FOR MINNESOTA

Crop Stage 3.0, Stage 3.0, Stage 4.0, S age 4.0, Stage 7.0, Stage 7.0, Stage 7.0, Stage 7.0
corn soybeans corn soybeans spring wheat oats barley rye

COVariancfk matrix

Stage 3.0, corn 13.84
Stage 3.0, soybeans 8.98 33.17
Stage 4.0, corn 8.39 8.14 12.26
Stage 4,0, soybeans 10.16 15.84 11.43 27.29
Stage 7.0, spring wheat 26. 4 8.66 18.64 8.30 141.36
Stage 7.0, oats 27.29 19.61 24.56 20.38 67.46 136.46
Stage 7.0, barley 20. 8 15.40 18.29 19.14 33,06 104.35 87.84
Stage 7.0, rye 14.7 11.16 11.45 1	 9.66 20.79 62.42 49.39 37.63

Correlation matrix

Stage 3.0, corn 1.00
Stage 3.0, soybeans 0.42 1.00
Stage 4.0, corn 0.64 0.40 1.00
Stage 4.0, soybeans 0.54 0.53 0.62 1.00
Stage 7.0, spring wheat 0.60 0.13 0.45 0.13 1.00
Stage 7.0, oats 0.63 0.29 0.60 0.33 0.41 1.00
Stage 7.0, barley 0.59 0.29 0.56 0.39 0.30 0.95 1.00
Stage 7.0, rye 0.66 0.32 0.53 0.30 0.29 0.87 0.86 1.00

Crop Stage 1.0, Stage 1.0, Stage 4.0, Stage 4.0, Stage 4.0, Stage 4.0,
corn soybeans spring wheat oats barley rye

Covariance matrix

Stage 1.0, corn 86.62
Stage 1.0, soybeans 54.71 41.69
Stage 4.0, spring wheat 40.61 27.88 43.59
Stage 4.0, oats 47.71 32.41 22.59 47.42
Stage 4.0, barley 50.23 36.75 28.67 34.06 36.91
Stage 4.0. rye 0.68 1.76 8.08 11.09 9.63 21.36

Correlation matrix

Stage 1.0, corn 1.00
Stage 1.0, soybeans 0.92 1.00
Stage 4.0. spring wheat 0.66 0.65 1.00
Stage 4.0, oats 0.75 0.73 0.50 1.00
Stage 4.0. barley 0.89 0.94 0.71 0.81 1.00
Stage 4.0. rye 0.20 0.06 0.26 0.35 0.34 1.00

Crop Stage 1.0, Stage 6.0, Stage 6.0,
rye corn soybeans

Covariance rriatrix

Stage 1.0, rye 8.62
Stage 6.0, corn 1.63 53.42
Stage 6.0. soybeans 5.58 54.99 83.96

Correlation matrix

Stage 1.0, rye 1.00
Stage 6.0. corn 0.08 1.00
Stage 6.0. soybeans 0.21 0.82 1.00

11
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QC
D.

.L 0tO L V N*5
w	 w w
O O O O O O

r 9 d' r r- e!'

CL	 CLOpt QL M Im
to ro ro to to ro

N N t%^ V)

C.

O
H
SQ

LL

N
LUV
H

d^
EzO
H

J

ce

O
V

Z
Q

w
L)

a
H

OV
1

00

W
J
m
Q
F-

14



TABLE 9.-- COVARIANCE AND CORRELATION MATRICES FOR SOUTH DAKOTA

Crop
Stage 1.0, Stage 1.0, Stage 4.0, Stage 4.0, Stage 4.0, stage 4.0, Stage 4.0,

corn sorghum spring wheat oats barley rye winter wheat

Covariance matrix

Stage 1.0, corn 47.23
Stage 1.0, sorghum 21.35 34.36
Stage 4.0, spring wheat 18087 8.48 24.46
Stage 4.0, oats 7082 11.00 12.43 20.89
Stage 4.0, barley 10.46 10.33 7.70 10.96 21.65
Stage 4.0, rye 0.47 1.89 4.26 4.24 0.41 18.02
Stage 4.0, winter wheat 5.37 2.57 1	 9.14 7.86 1	 3.37 7.83 13.16

Correlation matrix

Stage 1.0, corn 1.00
Stage 1.0, sorghum 0.53 1.00
Stage 4.0, spring wheat 0.56 0.89 1.00
Stage 4.0, oats 0.25 0.41 0.55 1.00
Stage 4.0, barley 0.33 0.38 0.33 0.52 1.00
Stage 4.0, rye 0.02 0.08 0.20 0.22 0.02 1.00
Stage 4.0, winter wheat 0.22 0.12 0.51 0.47 0.20 0.51 1.00

Crop Stage 3.0, Stage 3.0, Stage 7.0, Stage 7.0, Stage 7.0, Stage 7.0, Stage 7.0,
corn soybeans spring wheat oats baHuy rye winter wheat

Covariance matrix

Stage 3.0, corn 20.43
Stage 3.0, sortkm 6.27 19.82
Stage 7.0. spring wheat 2.46 6.29 44.79
Stage 7.0, oats 2.79 7.30 27.85 30.56
Stage 7.0, barley 9.88 8.11 20.51 14.53 41.67
Stage 7.0, rye 9.47 7.84 25.53 19.65 28.37 45.16
Stage 7.0, winter wheat 9.14 7.70 10.10 8.58 23.19 19.21 39.65

Correlation matrix

Stage 3.0, corn 1.00
Stage 3.0, sorghum 0.31 1.00
Stage 7.0, spring wheat 0.08 0.21 1.00
Stage 7.0, oats 0.11 0.30 0.75 1.00
Stage 7.0, barley 0.34 0.28 0.47 0.41 1.00
Stage 7.0. rye 0.31 0.26 0.57 0.53 0.65 1.00
Stage 7.0. winter wheat 0.32 0.27 0.24 0.25 0.57 0.45 1.00

Crop Stage  1.0, Stage 1.0, Stage 6.0. Stage 6.0,
rye winter wheat corn sorghum

Covariance matrix

Stage 1.0, rye 19.03
Stage 1.0, winter wheat 6.48 21.44
Stage 6.0. corn -17.06 -11.35 85.01
Stage 6.0, sorghum -6.20 -9.31 50.05 66.21

Correlation matrix

Stage 1.0, rye 1.00
Stage 1.0, winter wheat 0.32 1.00
Stage 6.0, corn -0.42 -0.27 1.00
Stage 6.0. sorghum -0.17 -0.25 0.67 1.00

rf
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to which the variances of the paired crop/stage combinations are linked.

When an off-diagonal element is small relative to the diagonal elements,

the paired crop/stage combination can be considered to vary independently.

Analyses of the covariance matrices show very little in the way of consistent

patterns in covariance between crop/stage combinations.

The correlation matrices indicate the degree to which stage data on a given

crop might be used to predict either the stage date of another crop or the

date of a later stage for the same crop. Low correlation is indicative of

sensitivity to variation in environmental conditions between stages of the

same crop and between different crops at similar stages. High correlation

indicates either similar response between crops, small variations from

average conditions in the data set, or a relative insensitivity to variable

environmental conditions.

In Iowa, covariance and correlation matrices were quite high between corn

planting, soybean planting, and oat heading, and between corn tasseling, soy-

bean flowering, and oat harvest, and between corn dough and soybean podding.

Correlation between corn and soybean harvest was low. Iowa correlations

may be high in part because only four years of data were available in the

USDA-supplied 50-percent dates which were used. For Nebraska, all covariances

and correlations were generally low, possibly because data for each stage

consisted of a different set of 5 years from 1965 to 1975; variation due

to each year's individual effect was wiped out. However, the pattern of

covariances is the same as for nearby states, but with lower absolute values.

In South Dakota, corn and soybean covariances and correlations were low except

for a high correlation between harvest 50-percent dates. For the small grains,

covariances and correlations were mixed, both high and low. Planting of winter

wheat and of winter rye were poorly correlated.

For Minnesota, planting of corn and soybeans and heading of oats and of

barley were highly correlated with each other but only moderately correlated

with heading of spring wheat and poorly correlated with heading of winter

17



rye. Corn tasseling and dough stages and soybean flowering and podding

stages were moderately intercorrelated. Spring-wheat harvest was moderately

correlated with tasseling of corn and with bloom of soybeans but was poorly

correlated with the other small grains. Harveit dates of the other small

grains were highly intercorrelated with each other but had low correlations

with spring-wheat harvest and the tasseling and podding stages of corn

and soybeans. Corn-harvest and soybean-harvest dates are highly correlated

with each other but had poor correlations with winter-rye planting.

In Wisconsin and Ohio, corn and soybean planting were highly correlated with

each other and with heading of winter wheat. In Wisconsin, corn planting,

tasseling, and dough stageb and oat heading and harvest stages were highly

intercorrelated.

In Mississippi, all correlations between corn, sorghum, and soybeans were low.

4. CONCLUSIONS AND RECOMMENDATIONS

Analysis of this crop calendar information indicates that sufficient

geographical interrelation and intercrop covariance exists. Some relations

between crop stages can be developed to aid in extending limited data beyond

the stages initially obtained. However, the sometimes high and erratic crop

variances indicate that a larger data set should be obtained before such a

project is attempted.

F_
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