322

in the reconstruction process, withdrawing it from agricultural production.
Data obtained from interviews with our sample of households shows that about
four percent fewer people planted corn in 1976 than before the earthquake
and about two percent less the following year. Furthermore, interview data
show that 33.8% of our respondents worked on reconstruction projects for pay.

Evidence of the fact that one cause of the drop in production was a
withdrawal of labor from agriculture and shifting it into reconstruction is
the fact that production jumped back to near to or above pre-earthquake
levels for all products except rice in 1978-79. By this time reconstruction
programs had slowed down and opportunities for employment in such activities
had severely decreased. This table shows that since 1978, for the most
part, agricultural production has remained high.

It is of course difficult to say whether the earthquake had an
effect on agricultural production, given the data available, since other
factors such as normal price fluctuation or weather cycles could produce the
observed post-earthquake two-year drop in production. We are inclined, however,
to believe that the withdrawal of labor from agricultural production for
use in reconstruction played a role in the observed reduction in agricultural
production.

It should be remembered, however, that even though production was down
slightly during the two years following the earthquake, production was still
proportionately high compared to the years before 1975-76. From 1970-71
to 1974-75 the average annual production of corn was 711 thousand tons.
During the two years following the earthquake it averaged 831 thousand tons.
Furthermore, since 1975-76, the last pre-earthquake year, corn production
has averaged 933 thousand tons, a substantial increase of 31 percent over

the pre-earthquake years. Ordinarily this increase should have resulted in
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low:r prices for agricultural products since population was not growing at
this rate. However, there were a number of factors contributing to
inflationary pressures on prices including increased costs of all products
related to world inflaticnary trends assoclated with oil price increases
and perhaps more importantly, the sudden influx of hundreds of millions

of dollars of disaster relief funds.

In the next section of this report data on actual prices, agricultural
production and PL-480 food distribution will be examined using sophisticated
statistical techniques to determine whether or not there was an actual
change in prices following the earthquake and whether their price change,

if any, can be attributed to PL-480 food distribution.

Examination of Prices for Corn and Beans

Monthly price data for black beans and for two types of corn, white
and yellow, were obtained from the Guatemalan Ministry of Agriculture.
These figures represent average monthly prices for the whole country and
indicate neither weekly fluctuations nor local variations in prices. They
are gross statistics reflecting what happened to prices for the country
on the average, month by month, beginning in January, 1973 and continuing
through August of 1979.1 All prices are for one hundred weight units and
thus reflect prices paid the "farmer," not per pound prices paid by the
consumer.

Until transportation was restored and markets returned to '"mormal,’
price fluctuations may have been severe in some isolated markets.2 These

local variations would not appear in these national level statistics.

lThe Ministry of Agriculture collects prices frovm all major regional markets
in constructing these price data.

2Some food critics argue that this was a short time, perhaps a matter of a
couple of weeks.
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However, it is believed that transportation lines to and from Guatemala City
were restored within one or two months and that prices across regions
stabilized within a relatively short time.

Data on PL-480 food distribution of corn and beans come from the U.S.
Embassy in Guatemala City. As noted above, there is some possible dis-
agreement as to the reliability of these figures. However, since the analysis
will focus on monthly variations over a several year period, if errors in
the relative amounts distributed during these months are relatively constant,
the statistical effects of PL-480 food distribution will remain the same,
regardless of which figures are used. In other words, if the differences
between the two sets of figures represent some constant multiplier, the
estimations of PL-480 effects in the statistical models will not differ
(though certainly estimates for particular months could differ).

Production data were subject to considerable variation, depending on
source. Three separate sources were consulted in an attempt to verify these
data: The Guatemalan Ministry of Agriculture (MOA), the Food and Agriculture
Organization of the United Nations (FA0), and the Economics Research
Service of the U.S. Department of Agriculture (ERS). Upon careful examina-
tion, the ERS figures appeared most reliable. The ERS utilizes a variety
of sources in compiling its figures, including "...U. S. Agricultural
attaches, FAQ, and other international organizations' commodity reports,
and estimates made by country analysts in the International Economics Division
of the ERS, USDA." Confidence in these data as opposed to those
obtained from other sources was born out empiricglly when all three
sources were '"tested" for their fit to the price data using a variety
of statistical models that employed several different time lags. In these

manipulations ERS production data conformed substantially better to the
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price data than data from other sources.
In sum, the following analysis is based on what are considered to be
the best available data after making many inquiries and comparisons of

figures from many different sources.

PL-480 Distribution of Beans and Price Impact

The U. S. Embassy in Guatemala reports that approximately eleven million
pounds of pinto beans were distributed by CARE and CRS from February 1976
through March 1978. Ninety-five percent of this amount was distributed
between July 1976 and June 1977, as is shown in Table 7-10 and Figure 7-3.
Prices for black beans before the earthquake (January 1973 through January
1976) averaged $15.98 per hundred weight. For the period of highest
distribution levels (June 1976 through July 1977), the average price was
$16.79 per hundred weight.Table 7-11 shows monthly and yearly averages.
Figure 7-4 depicts monthly prices graphically. Before examining any possible
relationship between PL-480 bean distribution and prices, a more detailed
look at actual prices is needed. Bean prices for the 1975 calendar year
averaged $17.42. 1In January 1976, the impact of 1975-1976 harvests was
felt as prices fell to $15.93 per hundred weight. 1In February, the month
of the earthquake, prices jumped to $17.12. This was probably due to hoarding
of food and perhaps some speculation in the grain market since in nearly
all other years prices for the month of February continued to fall. Between
March 1976 and March 1977, prices fluctuated between fourteen and sixteen
dollars per hundred weight. Beginning in March 1977, with beans at $15.28,
a steep climb in price began, peaking at $31.52 in November of that same
year.

The average monthly increase during this period would be over $2.00

per month. Prices more than doubled over an eight month period. Let
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us now see what factors help account for these changes in price.
The simplest way of statistically testing for a PL-480 distribution
impact on price would be a regression equation of the form:
PRICEt = q + Bl (Pre E.Q, Price Trendt) + 82 (Impact Price Trendt) +
83 (Amount of PL—&BOt) + 84 (Post Impact Price Trendt) + Ut’
where the three trends are time trend wvariables and Ut is a random disturbance
term. The time trend variables are simply the upward or downward trend in
prices over the time period in question: pre-earthquake, the time period
where earthquake/PL-480 food related impact might have occurred, and the
time period after which this impact may be presumed to have ended.
The inclusion of the time trend variables has the statistical consequence
of removing the effects of linear time trends associated with such things
as inflation and fluctuation in supply from the data so that 83 represents the
linear effect of PL-480 food distribution on prices. These trend variables
can be interpreted as proxies for excluded variables which have linearly
affected prices over time. That is, they remove the effects of such things as
inflation, and changes in production which affeet supply, and therefore, price.
While this model has the advantage of simplicity, there may be other
factors which are related to both price and the quantity of PL-480 food
distribution. Obviously, the level of production should be included since
we wish to separate the effects of bumper harvests in the 1975-76 agri-
cultural year from the effects of PL-480 food distribution programs. We
also know that there are normal seasonal variations during the year due
to when harvest occurs, holding back and storing part of the harvest for
sale at a later date, and other reflections of "normal" marketing activities.
Thus, in order to estimate PL-480 impact fairly, we should remove

these normal seasonal cycles or variations of price during the year.
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This is accomplished by including quarterly effects in the model.l While
our model is now somewhat more complex, the data are better fitted by the
model and the measure of PL-480 impact is the net effect after removing
normal quarterly changes in prices.

One problem remains before the model is complete. This problem is
to define the appropriate time periods. For the pre-earthquake time trend
this is simply the thirty-seven months from January 1973 through January
1976. The appropriate impact time period is, however, more problematic.
Selecting a time period which is either too long or too short could lead
to erroneous conclusions concerning non-PL-480 related earthquake effects.
A compromise solution is to include two possible impact periods. These
periocds should be in increments of twelve months since it takes us to the
same point in the agricultural cycle. Hence, our model now takes the
following form:
PRT.CEt = o+ B (Jan. '73-Jan.'76 trendt) (pre earthquake period)

+ B, (Feb.'76-Jan.'77 trendt) (first impact yr.following earthquake)

2
+ 63 (Feb.'77-Jan.'78 trendt) (second impact yr, following earthquake)
+ 8, (Feb.'78-Aug.'79 trendt) (post earthquake period)

+ 85 (Productiont) (amount of beans produced)

+ B, (PL-480 Distributiont) (amount of PL-480 beans distributed)
+ 87 (Quarter 1t) (quarterly effect of first quarter)

+ 88 {(Quarter 2t) (quarterly effect of second quarter)

9 (Quarter 3t) (quarterly effect of third quarter)

+ U

Each B value in this equatation (Bl - 69) represents the amount of change in

price we may expect for each unit of increase in the independent variable.

1
Quarterly effects for black beans are based on the calendar year.
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For the time trend variables (Bl - 84) the units are months; for productionm,
the unit is one metric ton; for PL-480 food distribution, one thousand
pounds; and the quarterly effects represent deviations from the fourth
quarter's effect on prices. This renders the least constrained test of the
hypothesized impact.

If we examine the regression in Table7-12 we can see that the estimate

1,2 This may be

for PL-480 distribution effect on bean prices is -.003.
interpreted as the effect of increasing PL-480 distribution one thousand
pounds on detrended prices, controlling for yearly production levels and
normal quarterly fluctuations. In other words, an increase of ome thousand
pounds of PL-480 beans would produce, on the average, three tenths of one
cent reduction in the price of black beans per hundred weight.

This model "explains" roughly 627% of the variance in prices over the
six and 3/4 year period. It must be remembered that this leaves 38% of the
variance unexplained. No doubt petroleum prices have at times had great
sudden impacts on the market, and these are only partly taken into account
with the time trend variables. In addition, the FAQ apparently was working
with the MOA to stabilize prices after about 1975. It is unclear what
impact, if any, these policies had on prices, but the possibility exists that

their activities are both covarying with PL-480 distribution levels for a

time (and are thus absorbed into this estimate) and that such activities

1
Significant first order auto correlation necessitated the use of GLS estima-
tion techniques. The AUTOREG procedure of SAS (Statistical Analysis System)
was utilized in all regressions reported in this paper.

ZIt should be noted that several models were used in attempting to 'best fit"
the data. Lagging various numbers of months and including PL-480 - gquarterly
interaction effects failed to provide any significant increment to R™ or
substantively different results.
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contribute to the "noise" left in the data. An additional possibility is

that large quantities were held back during the first few months after the

earthquake and later released into the market in larger than normal amounts.
Figures 7-5 and 7-6summarize pictorially the actual and predicted prices

and the estimated PL-480 impact over time. Figure 7-5 graphs actual prices

and predicted prices by month. Here, noise in the data is most evident during

the pre-earthquake time period while the fit of the model to the data during

the impact period is actually rather good. Figure 7-6 represents the

"zero"

estimated PL-480 effect plotted over time.l Those points above the
line represent decrements to price while those below the line represent
increments to price. One can readily see that there is a fair amount of
dispersion about this line. And while we can think of no arguments for
how PL-480 imports could raise prices, such points are clearly evident in
this plot. We can only remind the reader that a certain amount of noise
seems unavoidable in models utilizing data such as these and that estimates
are "averaged" and may be in error for any specific month.

Nevertheless, it seems fairly conclusive that PL-480 distribution had a
measurable impact on the prices of black beans. This impact was on the
order of three-tenths of a cent per 1000 pounds increase in levels of

distribution. During some months (most likely August — October 1976} prices

may have been affected by as much as $2.15 per hundred weight. It should

lA plot of these values based on a model utilizing all 80 time points results in
some distracting estimates prior to the time that actual PL-480 distributions
of beans began. The autoregressive medel was therefore re-estimated for two
time periods: (1) the pre-earthquake and pre-distribution time period -
through January, 1976; and (2) the period from February, 1976 through August,
1979, Estimates of the PL-480 effect were nearly identical for the model
utilizing all 80 time points (-.0034) and the model utilizing onlz the post
earthquake period (-.0030). It is interesting to note that the R for the
January 1973 through January 1976 period is only .3568, while the model for
the February 1976 through August 1979 time period has an R™ of .8396. The
plot of differences between a model containing the PL-480 effect and a

model not contalning such an effect (Figure 6) represents point estimates
from the February 1976 through August 1979 time period.
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alsc be noted that prices one year later seemed to have more than made up
these losses and in fact are higher than the overall model would predict,
PL-480 food distribution's impact accounts for some of the variance
during the impact period. This is evident in the increment to R2. Could
there have been other earthquake related effects on price? The answer
is undoubtedly yes, though we have no direct measures of these other
variables. The closest we can get to measuring these effects are our linear
time trend variables; that is, one way of defining an earthquake effect
would be a change in trend during the earthquake period. In the case of
beans, even though the estimates appear to be substantially lower during
the first twelve months after the quake, there are not statistically

significant differences between the estimates.

Price Impact of PL-480 Distribution of White and Yellow Corn

Approximately seven and one-half million pounds of yellow corn were
distributed by CARE and CRS from January 1976 through September 1977.l
Eighty-seven percent of this was distributed by March of 1977. Table 7-10 and
Figure 7-7 show that some corn was distributed prior to the earthquake
(July,'74 - Dec.1975). The effects of this corn distribution in regular
PL-480 food programs are included along with corn handed out after the
earthquake. While only yellow corn was distributed, white and yellow corn
may be considered substitutable and it is thus reasonable to assume that
an impact could be detected on either type corn. Though very similar in
their outcomes, the analyses are presented in separate tables.

Tables 7-13 and 7-14 present the regression analyses of corn prices on
essentially the same regressors used in the analysis of bean prices,Table 7-15

and Figure 7-8 give average prices for white corn - 1973-1979. Table 7-16

1U. S. Embassy figures.,
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and Figure 7-9 give these figures for yellow corn. The regression equation
used to establish corn price effects is as follows:
PRICE = a + Bl (Pre E.Q. trendt)+ 82 {(Feb. '76 - Jan. '77 trendt)+ 83 (Feb.
'77 - Jan. '78 trendt) + 64 (Feb. '78 - Aug. ' 79 trendt) +
BS (Productiont) + B¢ (PL-480 distributiont) + 87 (quarter 1t) +
BS {(quarter 2t) + 89 (quarter 3t) + Ut
From these tables, we see that the estimates for PL-480 impact are not
significantly different from zero. TFrom this analysis, we are forced to
conclude that PL-480 distribution of corn had no significant effect on
prices (per 100 wt.). The PL-480 distribution of corm, it should be
remembered, represented a much smaller proportion of total production than
did beans.

However, there cculd still be an impact on prices after the earthquake
due to factors not explicitly included in the model. One test for these
effects would be a series of "t" tests for differences in the coefficients
of the time trend variables. Table 7-17 summarizes these tests.

It is evident that the rate of increase during the pre-earthquake period
is significantly different from any trend in prices since. Another way of
saying this is that during these post-earthquake time periods, prices showed

a decrease in the rate of increase: prices did not increase as fast as they

had from January 1973 through January 1976, It should be remembered that
these are "averaged' estimates for twelve month periods. We can look to
the actual price data (Figures 7-8 and 7-9) for a detailed accounting of
price month by month.

Alternative explanations for lower than expected prices during the
years following the earthquake must consider the bumper harvest of 1975-

1976 and record harvest since, in addition to the petroleum situation in
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TABLE 7-17

White Corn

Jan.'73-Jan.'76 Feb.'76-Jan.'77 Feb.'77-Jan.'78

Feb.'76~Jan.'77 3.654%

Feb.'77-Jan."'78 2.387%* 1.651

Feb.'78-Aug.'79 2.576% 1.389 .459
Feb.'76-Aug.'79 2.616

Yellow Corn

Feb, '76-Jan.'77 3.965%

Feb.'77-Jan.'78 3.314% L747

Feb.'78-Aug.'79 3.690% 101 .869
Feb.'76-Aug.'79 3.699

*Significant at .05 level or greater

Guatemala. Lacking price data on agricultural inputs, we can not directly
test their significance. But it does seem probable that production levels
were primarily responsible for the lower than expected observed prices.

Fugure 7-10 shows actual prices and predicted prices for white corn;
Fig, 7-11 shows these figures for yellow corn. The actual price figures appear
in Tables 7-15 and 7-16. Figure /-1 shows annual production figures for

1972-1980 in metric tons.

Summary

Lower than expected prices were noticed for corn and beans after the

February 1976 earthquake. Some food critics pointed to PL-480 food
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distribution as the culprit. 1In the case of beans, there appears to be
empirical evidence that this was indeed the case. The total cost to farmers
of course depends on the volume sold and the timing of this sale. Caution
should be exercised in attempting to apply the statistical model to any
single month but in order to attach some meaning to these figures, a "worst
case" scenario based on this model may be useful.

Assuming that bean prices were affected by as much as $2.15 per
hundred weight for a particular month and that a farmer sold four hundred
pounds of beans, simple multiplication tells us that this farmer lost $8.60
due to PL-480 food distribution by selling beans that month. This scenario
is for an individual farmer. For the wholesale middleman or larger scale
farmer, the net loss due to PL-480 food distribution could have been
multiplied several fold. Those who bought beans as the 1975-76 harvest
reached market and planned to sell during the summer months when prices
were highest could not do so at a profit. From the actual prices in
Table 7-11 (or Fig.7-4)we can see that prices remained at or below the
January 1976 price until May 1977. By July, prices reached $20.95 per
one hundred weight and by November of that year, $31.52 per one hundred
weight. These conclusions partially support the contention of food program
critics that PL-480 food distribution negatively affected prices, at least
for beans during the first year following the earthquake.

In the case of corn, food critics' claims that PL-480 food distribution
affected prices could not be supported with our data. Undoubtedly, prices
were not as high during 1976 as they had been in 1975 or were in 1977.

But the bumper harvest of 1975-76 appears to have been the main cause of

this deflation in price. No significant covariation in price and PL-480
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distribution levels could be found, once production levels, on-going

linear trends in prices, and normal quarterly variations were statistically
removed. This, in spite of trying different lag periods for PL-480,
interaction effects and different data sources for production. We must,
however, remind the reader that in certain isolated local markets PL-480
corn distribution may have significantly depressed prices. Nevertheless,
with respect to average prices for major regional markets, no significant
effect could be found for corn prices.

It should be remembered that we have dealt with prices for large
quantities (hundred weight units). These prices represent what farmers
received for their crops and are the appropriate prices to examine in
attempting to address the concerns of PL-480 food critics. Though we
expect that prices for small quantities (pounds) roughly parallel the
prices per hundred weight, it should not be assumed that they also indicate

what the consumer paid.



