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The relationship between crop-yield variability and acreage has been recognized
since the early empirical work of Carter and Dean. Despite the recognition of
this relationship, there appears to have been very little, if any, empirical work
done on the problem. Lack of research could be due to data problems or lack of
interest in the phenomena. The purpose of this paper is to present empirical
results which attempt to capture the magnitude of the relationship and to discuss
the prdctical implication of the relationship as it relates to the crop insurance
industry. Specifically, this paper defines and presents estimates of a "variance
inflation factor" for major crops and growing regions. The variance inflation
factor is then used in a specific crop insurance application. Some additional
empirical results are also presented.

Organization of the paper is as follows. The first section presents a brief
discussion of the data used in the analysis and the construction of the data set.
Section II presents the estimation of the variance inflation factor and some
empirical results. Section III presents results from two crop insurance
applications which provide further support for the empirical results shown in the
previous section. Section IV simply concludes the paper with some final thoughts
on the results and directions for future research.

Section I

Constructing County Yield Distzributions from Crop Insurance Data

County yields are typically available from USDA or state agricultural
departments, and the method of data collection is a questionnaire. Since
individual records collected by insurance agents tend to be supported by hard-
copy records, it is appropriate to use these data. Moreover, crop insurance
vield data is one of the only sources of individual crop yields other than farm
management record-keeping systems (public or private).

Yield history is recorded by an insurance agent for each farm unit. It consists
of the last ten years of yields (bu/ac) and the corresponding acreages. Total
bushels is the product of yield and acreage in any particular year. County
bushels is the sum of the total bushels for all insureds in one county for one
year. County acreage is the total acreage for all insureds in that same year.
Finally, county yield is the ratio of county bushels to county acreage. Thus,
for each of approximately ten years a county yield and a county acreage are
available. Comparisons of NCIS yield data and USDA NASS yields are presented in
Figures 1 -3. These figures suggest that individual insurance data aggregated
to the county level corresponds well to the USDA county yield estimates. These

figures also suggest that insurance participants are not noticeably below-average
farmers.













Estimation

Since yield credibility increases as acreage increases, it i3 apprecpriate <o use
acreage-weighted estimation of the thecretical mean (W) and theoretical varziance
(¢*) of the county yield. If y, denotes the observed yield in year i, and a,
denotes the observed acreage in year i for years i =1, 2, ..., n (ns10), tkhe
formulas are:
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Modified EZstimation for Bata Densitias

This paper uses beta distributions to model the yield distributions. The beta
is a flexible form ia that several ccmmon theoretical discributions can ze
represented as special cases of the beta. Moreover, the agricultural economics
literature suggests that the beta distribution is a reasonable meodel for czop
yield density Zfunctions.

An illustration of the range of shapes available for the beta is shown in Figure
13. The "high-spiked" green beta density is very close to normal, so there is no
need to offer normal shapes geparately. The red and magenta densities display
the ability of the beta to model extremely skewed yield data. The Bernoulll
distribution (not shown in the figure) is a special case of the beta and is
discussed at some length in the Appendix.

In this application, there is a constraint on the theoretical variance: o <
(Max - u), where Max denotes the theoretical maximum yield attainable for the
crop of interest. For the beta class of distributions, tle £ollowing boundacy
estimator works well.

32, i &2 < ﬁ (Max - ﬁ),

Estimate of 02: 02 - [:

ﬁ (Max - ﬁ) ’ otherwise.
Estimating Farm Lavel Yield Variance

3y far the most severe problefl with using farm level yield data is the estimation
of temporal variability. Farm yield is usually measured on a very small block
of land, and this presents a credibility problem. It is possible to estimace
farm yield variance as a function of the credible county yield variance.

The effect of the land area on crop-yield variability is illustrated by Figure
4. Simply put, the figure reveals that if larger land units tend to have lower
variability in yield, they will tend to confer lower risk. Intuitively, this
seéems very reasonable since larger land units serve to spread crop risks over a
more diverse geographical area. The evidence that yield variability decreases
with increased acreage is also shown in Figures S through 7.

Based on investigations of yield data at NCIS, a gecmetric relationship between
vield variability and acreage is proposed: Reducing acreage bv 50% inflates
variance of vield by a factor "g". "g" is the variance inflation factor.







Consider nested blocks of land, with "a" acres contained in "b" acres:

aczeage = b acreage = a

In symbols, the formula for inflation of yield variance appears as:

o L gendd)
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Example 1. b = 1000 acres containing a = 500 aczes:
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Zxample 2. b = 1000 acres containing a = 230 acres:
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Estimation of Variance Inflation Factor Using Yield Data

The £irst step is to isolate a function of g as a function of all otler
variables. Taking the natural lcg of both sides of the variance inflactlon

formula gives ; ¢
A

2

2
= 1n _c_" = hln(_hi)
Oy a

where h = log,(g). Letting X denote the left hand side and Y = ln(b/a), a lineac
model may be written: Y, = h X, + e, , where farm acreage is a; and the erzors
e; are distributed independently with zero mean and variance &%/a, , £or
im=l,...,n. 8 is unknown. For this model there is a weighted regressiocn
estimator for h, and also an estimate of g:

a
Yy x, v, a,
f = it , Q=2ﬁ

n
Y xia,

i=1
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The fraction of weighted variation in
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following table are accompanied by graphics:

Figuze 5: ZIowa Corn
Figqure 6: N. Dakota Wheat
Figure 7: Minnesota Soykbeans
Results: Variance Inflation Zactor for Saveral Czops and Statas
Czop Kind State g R? acreage
Wheat Idaho 1.077 48% 272,860
Minnesota 1.043 37 693,633
Montana 1.036 41 1,173,641
N. Dakota 1.028 32 5,157,680
S. Dakota 1.041 28 3,653,726
Corn Illinois 1.036 38% 1,269,882
¥ Iowa 1.0S55 40 2,486,035
} * Minnesota 1.046 34 1,169,092
Missouri 1.042 34 231,274
Nebraska 1.104 49 1,641,549
Soybeans Illinois 1.063 44% 552,984
Iowa 1.101 54 1,667,879
Minnesota 1.085 46 1,470,519
Missouri 1.096 45 321,528
) Nebraska 1.069 39 340,546
¢ ** Louisiana 1.039 21 122,834

Iowa cora is one of the

that inflating variance 5.5% per 50%
the adverse error in using county

variance. This means the proposed NCIS system could
Louisiana soybeans are of interest due to p

table says that inflating the county sample
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variance as the estimate of farm variance.

is only.a small part of the problem there.
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Coxparison of Proposaed NCIS Pure Premium
with FCIC Rates and Loss Cost

This section of the paper compazes the NCIS pure premium estimates with loss cost
experience (see Figure 8), and compare currzent FCIC rates with loss cost
experience (see Figure 9). In Figure 8, note that the proposed NCIS pure premium
tends to "track™ loss costs, that is, the pure premium tends to equal loss cost.
In Figuse 9, note that the FCIC premium tends not to track (and in a rather
undesirable manner, too). Good tracking is desirable regardless of what loads
are applied (e.g. catload, expense lcad, regional load).

2. Effect of Unit Discount on Purs Premium :
(Excezrpt from FCIC/Industry APH Task Force Raport) *

Finding

1. In general, the estimated discount is in excess of the current 10%
discount, in some cases higher than 25%.

2. The Estimated discount varies by crop, region, and deductible.

Analysis
This section of the report presents a preliminary study on the reasonableness o2
issuing a discount to insureds who do not use optional units. The investigation
reveals that there may be a problem in the current pricing of the discount. The
method of analysis is best iZlustrated by an example.
Consider a farmer who has listed three optional units with the
£ollowing characzeristics where all numcers are in dollars.

Observations Estimated Loss

" Optional
Unit Expected

Income

— ———————
0101
0102
0103

Cptiocnal unit 0102 is tricky because it did not sustain a loss. This censors the
income information. Three methods, ranging from optimistic to pessimistic, are
used to reconstruct the loss information on each optional unit, so it can be
summed into a loss on the entire unit. The middle method is a compromise,
halfway between optimistic and pessimistic, and is probably the best answer.

The optimistic or middle methods may show negative losses. Positive and negative
losses may cancel out, when summing to get the unit total loss. For each
czop/state/level combination with substantial benefit due to this loss
cancellation phenomenon, the unit discount should be just as substantial.

The pessimistic loss estimate presumes the yield was just high enough to prevent
a loss on the optiocnal unit. The optimistic loss estimate presumes the optional
unit’s yield attained the average APH yield. This is optimistic if a loss is
reported on another optional unit, and it is irzelevant to unit computations if
no loss is reported on any optional unit, so it is just called optimistic.

For the example, the middle estimate of loss is $51.67 and the liability is
$600.00, so the loss cost for the entirze unit is 8.6%.




Considering the three optional units separately, total loss is $85.00 and
liapility is $600.00, so the loss cost is 14.2%. By pooling optional units into

one unit, the loss cost decreases by 39%. This is an escinace of the unit
discount, using the one unit in the example.
. Eiaaces 10-12, PP g-19

rn this study, all opticnal units were selected for the states on the
accompanying maps, and ,premium raduction factors were produced for each
individual level of caverage as well as for all levels aggregated. An
examination of the maps ‘indicates that the discount (for all levels aggregated)
is in the neighborhood of ten percent only for soybeans in Arkansas, Louisiana
and Mississippi. Further examination reveals that in each case the discount

decreases as the level of coverage increases.

If the Estimated discount is greater than the FCIC-requlated discount, then
losses on optional units are larger than losses on single units. Expected
indemnities on multiple units will be greater than expected indemnities on single
units for the same amount of premium. Thus, farmers have a greater incentive to
use optional units and axcess losses will be generated in this situation. The

net aeffact is an increased loss ratio due to excess losses if -he Estimaced
discount is greater than -he FCIC-requlated discount.

If the Zatimated discount is less than the FCIC-regulated discount, then farmers
are given too much of a credit for combining units. TIf the Zstimated discount
is 5% and the FCIC-regulated discount is 10%, farmers are given a net excess3
credit of 5% and premiums collected are less than need be had the appropriate
discount been applied. Tha net effect is an increased loss ratio due £93
insufficient oremium collact¥on if the Zstimated Giscount .s .ass chan the TCIC=

:egglated discount.

Section IV

zvidence has been presented in this paper which indicates that larger farm unit
size results in sizeable reductions in crop-yield variability. The qualitative
nacure of these results should come as no great surprise, rather, they are as
expected. What should be of interest is the estimation procedure, the data used,
and implications of the results for agricultural risk management.

It is hoped that this paper will stimulate future research efforts in,improving
astimation, data, and risk management related to the land size phenomenon. The
estimation procedure presented here was done as a private sector initiative, but
should be evaluated on its academic and technical merits. Moreover, the data
ucilized is not readily accedsible to agricultural researchers, sO replication
of these findings is not likely. Although one could compare NASS variance
inflation factors at the county and crop reporting district lavel with results
f-om insurance data. Lastly, the implications for risk management contained in
this paper would hopefully impact both the rating and underwriting of the MPCI

pzogzam.
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Appendix
All-or-None (Bernoulli) viald Distribution

In some regions the farms are very small and axhibit rather extremse variability.
while the average yearly yield on such a farm may De half the maximum possible
yield, the yields may oscillate patween zero and maximum yield, with virtually
no intermediate results. In effect, either the farmer gets a perfect cIop OF he
fails completely. This effect may be reinforced by the pehavior of loss
adjusters: If the loss approaches 100%, a tired loss adjuster may just call it
100% to reduce calculations and paperwork.

This yield distribution is called a 3arnoulli disczibution, and is a limiting
form of a beta distribution. If the mean of a beta is held fixed while variance
is increased, the beta gradually degenerates to 2 Bernoulli. This idea is
consistent with the variance inflation Zfactor. Zelow is a proof that the
(continuous) beta distzibution degenerates to the (disczete) Bernoulli

distzibution.

Lemma: If the mean of a peta distrzibuticn is fixed at U while the variance is
inczeased, the distribution degenerates to 3ernoulli with mean {, at which peint
the variance reaches maximum value R(l-{).

Proof: Given a random variable g distzibuted beta(a,8) on the interval (0, 1),

wicn o0, 8>0. The mean and variance of rhis distzibution are:

E(Y) = = 2_3_- ' v(Yy) = QB
)RR (@-p+1) (@+P)?

We first reparameterize the distzibution in terms of (a,y) instead of (@, B3):

B =g, vin = BB
a+p

To increase V(Y) while holding W constant, @ must be deczeased in this new
framework. As @ approaches zero, this variance V(Y) approaches p(l-yd) . since
the £first darivative of V(Y) is negative for all positive values of @, the
vaziance monotonically increases to f(l-p) as a decreases to zero.

The limiting distribution iz now shown to be Bernoulli Dby manipulating che
charactaristic function of ¥, which is the expected value of exp(it¥), where i
{s the square root of -1 and t is a real variable:

_Da+f) g (i) T(a+])
¥ = g T+ 0 Ta+p =)

¢

(See p. 151 "Linear statistical Inference", C.R. Rao, Wiley, 1973).
The factors outside the summation may be brought inside like this:

[(ic)i rm«;‘)‘
I'a)

() = 31T D T(arp )
[ ['(a +P) ]
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Removing the zeroth term for special treatment, we have:

[(it)’ T(a+5)

= - P(a)
W(t:) l"’j; [P(J +]_) a+B+J J
I'(a +B)

Making the change to the new Parameters (a,l) yields this:

. '[(in)i I‘(a*-j)] '
=1 . a .
T'(j +1) r(pq)

"(3)

We seek Y,(t), the limiting form of Y(t) as a decreases to zero:

< ] [(ic)ﬂr(mj)]'
Yol(t) = lim lim |1 + E I'(a)
-0 n-e j=1 T'(j +1) p({§+j)
re
%)

L . a (ig)? ) 3 q+k% ]
..];J.'T 1"'32-:1 T'(j+1) J;Jlglg[(g*k) !

\ B J

L. [ n -
) . : (it)1
=2 1im —_— 113
];-. l+JZ_:1 I'(3 +1) J-'?p H

= (it)3
lim 1*",2 1‘(3+1)]

This is the Bermoulli characteristic function. (Q.E.D.)
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