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LABOR PRODUCTIVITY
OF APPLE HARVEST WORKERS

by
‘Dennis U. Fisher

June 1978 o No. 78-16

This paper was prepared for presentation to the Northeast Agricultural
Economics Council Annual Meetings at Durham, New Hampshire, on June 20,
- 1978. It is based on material contained in: Labor Productivity of

Apple Harvest Workers in the Champlain Valley: 1970-1975 (A.E. Res,
77-7) by Dennis U, Fisher (published by the Department of Agricultural
Economics, Cornell University, Ithaca, New York, July 1977).







Apple producers in New York's Champlain Valley have traaitionally
harvested their crop.using local and migrant workers, and supplemented this
labor force with temporary foreign workers (Jamaicans). In recent years,
obfaining'certification to use Jamaicans through the U. S. Department Qf.'
Labor has become incfeasingly difficult. There has been some concern that
the use of foreign workers might be stﬁpped completely. Obtaining skilled
migrant crews has also become increasingly diffi;qlt, and.growersuipmthig.
area have éuggested that the quality and availébility of local workers have
substantially declined. Thus, Champlain Valley apple growers have been and
will be experiencing shifts in the compesition and productivity of their

harvest labor forces,

Objective and Purpose of ﬁhe Study:

The objectives of this study were to.identify the differences in produc-
tivity of the three main sources of harvest labor, and to examine productivity
changes over six seasons (1970-1975). Two sets of dependent variables were
examined -- productivity per worker, both hourly and per season —— and three
input variables méésufing the amount of time spént hafvestiﬁg. ‘Three sets
of explanatory variables were used: labor source variables, a harvest size
variable, and grower variables,

Identification of the relative productivity of these three labor sources,
and the ways in which these relationships have changed over the six seasons,
should indicate the size of the adjustments necessary to maintain harvesting
capacity, or to replace the Jaﬁaican or.migrant labor sources if such replace-
ment becomes necessary. Estimates of the tfends in.productivity should suggest
their Importance, as well ag the timing of future adjustments in the harvest

labor force.




Data and Model Specification

Five multiple regression equations were estimated using ordinary least
squares to ekamine patterns of labor productifity over time. The data included
10,549 worker obsérvations on hand harvesf workers picking apples in New York's
Champlain Valley. The worker observations were taken from employers' labor
records énd_included Information on the activities of one worker for onelseason.
If a pérticular worker was émployed all six seasons, this would be six worker
observations.

Variables were.then included to describe the relative productivity of each
labbr source and how this was changing over time. The‘resulting equafions are
~as follow:

The depehdent variagbles are;
Yil = boxes of apples picked per worker per season
_Yi2 = boxes. of apples picked per worker per hour

YiB = hours worked per worker per season

Yj_4 = hours worked per worker per day

YiS = days worked per worker per season
The common set of independent variables is:

Labor Source Variables

X

i1 1 if the worker is migrant

0 otherwise

X,., =1 if the worker is Jamaican

0 otherwise

X,, =1 if the harvest vear is 1970
2 if the harvest year is 1971

6 if the harvest vear is 1975



X0 = %41 %3

X5 = Xip %43
Harvest Variable
Xi6'= the number of boxes harvested in the Champlain Vélley each
season divided by the average number of all six seasons
and multiplied‘ﬁy 10.
Grower Variables-
7'xij';"1 if the worker was employed by the 1= grower
0 otherwise
Where j = 7, 8, ... n with n dependent upon the number of
groﬁers included in the estimation of
thg‘regression equation.
e; is the stochastic disturbance
The general form of the equation is as follows:

n~-1
+ b Xi + b Xi +b,X,, +b X _+b %X 4+ % bX 6 +e

2 3713 4714 57i5 616 . 14j i

Y, = a+ b.X,
i i
i=7

1 2

ihe'specifications of the regression models are completéd by.adding the
basic assumptions of the classical no;mal linear regression model as stated
in Kmenta (Kmenta, 1971, p. 348).

* e is normally distributed

* R (ei) = (}, zero mean

* R (eiz) =o’2, homoskedasticity

% F (eij) 0 (1 # j), nonautoregressive

* Each explanatory variable is nonstochastic with values fixed in repeated
samples and such that for any sample size,

jai

(X,, - X

i k) /n is a finite number different from zero for every

k=2, 3, ..., K.




The coefficients would be interpreted as follows:
bl ~ is the difference between the initial estimated level of Y for local
| workers and that estimated for migrant workers = (Y for migrant workers
minus Y for local workers). The model specification sets this initial

level for 1969. This level must be adjusted to 1970, using b, to

4
correspond to the first year for which data were collected.

b2 ~ is the difference between the initial estimated level of Y for local
workers and that estimated for Jamaican workers (Y for Jamaican
workers minus Y for local workers). The coefficient b5 would be used
to adjust this figure to 1970.

b3 - 18 the estimated change in Y for local workers from one season to
the next.

b4 - is the estimated difference in the change in Y for local workers and

for migrant workers. The sum of the two coefficients, b. + b

3 F By 18
the estimated change in Y for migrant workers from one season to the
next.

b5 ~ is the estimated difference in the change in Y for local workers and
for Jamaican workers. The sum of the two coefficients, b3 + b5’ is
the estimated change in Y for Jamaican workers.from one season Lo
the next.

b6 - 1is the estimated change in Y due to a 10 percent change in the total
Champlain Valley apple harvest. The percent change is based on the
average harvest level for the six years studied.

b, _.where j=7, 8, ... n~1 is the differeﬂce in the effect of grower j
and the one grower who was omitted from the equation to facilitate

, . . .t .
estimation of the egquations, bj = the effect of the j—h grower minus

the effect of the omiited grower (Kmenta, 1971).



Empirical Results and Implications:

The estimated coefficients for the five regressions are reported on the
table following.* Jamaican and migrant workers harvested substantially more
petr worker per season than local workers. For the six vears studied, loecal
workers averaged 285 boxes per worker per season, while Jamaicans and migrﬁnts
averaged 1,295.and 1,203 boxes, respectively. Howevef,-based on the regréssion
énalysis, the seasonal productivity of the local workers rémained relatively
constant over the six seasons, while the'ambﬁﬁt”héfvéétedfﬁéf'ﬁofkéf'péf_"'
season declined by 77 boxes and 40 boxes with each passing season for migfant
and Jamaican workers. Thus a declining harvesting capacity is evidenced for
migrant and Jamaican workers, but not for local workers. .

Jamaican and migrant workers spent substantially more time harvesting
apples than did local wofkers. For the six harvest seasons,.Jamaican workers
averaged 174 hours per worker per season; migrant workers, 132 hours: and
local workers, 47 hours. During the 1975 season, 34.4 percent of the loecal
workers harvested apples for 10 hours or less; 64.9 percent harvested fqr 40

hours or less.

~ *The common set of independent variables explained between 31.6 and 55.3
percent of the variation inm the five dependent variables. In part because of
the large sample size, all of the equations exhibited a statistically
gignificant relationship between the set of independent wvarilables and each of
the dependent variables, and the most individual coefficients were statistically
different from zero at the 0.01 level. Fewer observations were used to
estimate three of the equations because 30 percent of the worker observations
lacked information on hours worked.

The dichotomous variables identifying growers were included to remove the
variance which would be associated with particular management practices,
differences between orchards, and other causal factors which would be peculiar .
to the individual grower. Only the extreme values of the estimated coefficients
were included to avoid disclosure problems. The size of these coefficients
indicates that grower-related factors exercised significant effects, bhoth
statistically and practically, on the dependent variables. In addition, a
variable (x,.) was included to remove the wvariance associated with individual
harvests. Causal factors assoclated with the harvest were assumed to he
positively correlated with the relative size of the harvest.

The coefficients for x, and %, are the intercept values with the three
trend variables (x,, x,, and x,.) sét to zero. This condition holds for 1969, the
vear preceding the first year of data. 1In the discussion these two intercepts

will be adjusted to 1970 without further comment.,
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Percent of workers

DISTRIBUTION OF WORKERS BY HOURS WORKED AND
BY LABOR SOURCE DURING THE 1975 CHAMPLAIN
VALLEY APPLE HARVEST
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Local workers exhibited a decline of 1.4 hours per worker per season with
each passing season, which was due to the net effect of a slight increase in
&ays per worker per season and a slight decrease in hours per Worker per day.
Jamaican workers exhibited a decrease of 3.2 hours per worker per season, which
is due to a decline of 1.1 days per worker per season with each passing season
and is offset slightly by an increase in hours per worker per day. Migrant
workers éxhibited no significant change in the time spent harvesting apples.

While local workers spent considerably less time harvesting apples during
the season than either migrant or Jamaican workers, their hourly productivity
rates were much closer to the rates of these other two labor sources. For the
:six years studied, migrant workers averaged 9.0 boxes per worker per hour,
Jamaican workers, 7.4 bdxes; and locai workers, 5.9 boxes. Local workers
exhibited no. statistically significant change in hourly productivity, while
the picking rate for both of the other labor sources declined. Migrant workers
exhibited a relatively large decline of 0.49 hoxes per hour with each passing
season. This rate of decline in hourly productivity is larpe Whén compared

to the six year average of 9.0 boxes per worker per hour for this labor source.

Summary and Conclusions:

This studj was initiated in response to a changing apple harvest labor
supply situation in New York's Champlain Valley. Traditionally, three main
sources of labor have been used: for the harvest years 1970 through 1975,
local workefs have comprised the bulk of the labor force (81 to 86 percent) ;
migrant workers have comprised from 5 to 8 percent} and these two sources of
of domestic workers have been supplemented with Jamaican workers (8 to 13 per-

cent). This study of the labor productivity of these three sources over the



six vear period reveals findings which have implications for future changes in
these labor sources and for corrective action to increase harvesting capacity.

The harvesting capacity of migrant workers declined significantly over
the six years studied. The averége amount harvested per workel per season
dropped 77 boxes with each passing season. This was due to declining hourly
productivity. No research was initiated to determine the basic causes of
this phenomenon, but if this pattern continues, the harvesting capacity of this
labor sourcé will.be seriously curtailed.

The harvesting capacity of local workers remained relatively constant.

The decline in R;oductivity per worker per season of Jamaican workers was about
one-half és much as that experienced by migranf workers. This change in har-
vesting capacity was expected .to be a Short‘ruﬁ phenomenon. The number of days
spent harvesting was declining somewhat.

In addition to indicating some past trends, the empirical results suggest
some potential areas for corrective action.

Five to six local Workgrs would be requirgd to replace one migrant or
Jamaican worker. The average harvesting capacity per worker per season varied
“greatly, and local workers harvested considerably less than did either Jamaican-

or migrant workers.

In addition to the average differences in productivity among the three
major labor sources, there were large differences among workers employed by
different growers, and among individual workers. This suggests that some In-
crease in harvesting capacity might be gained by making changes.in labor man-
agement practices, providing some worker training, and otherwise changing the

work environment.
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During the 1975 season, local workers averaged 39 hours per worker har-—
vesting apples. If these.workers had harvested an additional 5 hours eacﬂ, at
the same average rate of productivity, the harvesting capacity of the local
workers would have increased by 13 percent, and the harvesting capacity.of all
three labor soﬁrces combined would have inecreased by 10 percent.

Finally, if the harvesting capacity of the labor force continues to de~
cline, growers will continue to request additional foreign workers. The
findiﬂgs of this study suggest that there will be an increase in the demand for
these workers in'NéW York's Champlain Valley, unless action is taken to increaser
the productivity of the current labor force, or unless there is a decline in

the demand for harvest workers.
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