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Price Volatility and Farm Income Stabilisation
Modelling Outcomes and Assessing Market and P&8ased Responses

How strong is the “natural hedge”? The effects of op
acreage and aggregation levels.

Finger, R.

Abstract

The level of natural hedge, i.e. the (negativeyalation between price and yield levels, is an
important determinant for farmers’ income risks attteir demand for risk management
instruments. The natural hedge is often approxichatgth correlations observed at more
aggregated levels, e.g. the county level. Thisaediases because the natural hedge at the
farm-level is smaller than on more aggregated levhi this paper, we put this idea one step
forward and investigate the empirical relationstptween price-yield correlations and the
underlying crop acreage, using farm-level data focrops in Switzerland. We find that, for
instance, a 1% increase in area under maize anengite barley leads to a change in the
correlation by -0.02 and -0.08, respectively. THagger farms have a stronger natural hedge.
Using a revenue insurance example, we show that itffiormation can be used to adjust
insurance premiums for each farm.

Keywords: price-yield correlation, aggregation bi@sop insurance

JEL classification: Q1, G2

1. INTRODUCTION AND BACKGROUND

The incomes of farmers, in terms of both their Iexad distribution or equity, are one of
the major concerns of agricultural policy maker&(D, 1998). Concerns on increasing farm
income volatility caused European policy makeragsess possible risk management tools that
can be implemented to support farmers (e.g. Caéead., 2007, Meuwissen et al., 1999, 2008,
2011, OECD, 2009, Bielza Diaz-Caneja et al., 20B8ropean Commission, 2001). More
general, risk management at large is expecteditoiggortance in agriculture in the coming
decades (e.g. Musshoff et al., 2011, Bielza Diazefzaet al., 2008). This is in particular due to
increasing production risks caused by changesiimatic conditions (e.g. Torriani et al., 2007)
as well as due to increasing price volatility calibg market liberalization (e.g. Mahul, 2003).
In order to cope with these risks, market basetlun®nts such as insurances as well as future
and option contract markets but also on-farm regdkuction measures may play an even more
critical role as risk management tool for farmers.

If dealing with income risks in agricultural prodion, the so called natural hedge is
extremely important for risk considerations and risanagement decisions at the farm level. In
crop production, the natural hedge is defined agtive price-yield correlation. McKinnon
(1967) showed that drivers affecting the physicaldpction of an individual producer (e.g.
weather conditions) usually also affect other posds in a specific region. Thus, individual
farm output is correlated with aggregate outputle\in a region or country). Finally, this
implies that production levels of a single produaex negatively correlated with (local) prices
for this product (McKinnon, 1967, Harwood et aB99).

Such correlation moderates revenue variability tug directly influences the degree of
income risks and the demand for risk managementimgnts. For instance, we expect that a
higher level of natural hedge reduces farmers’ daehfar insurance solutions to reduce vyield
and price risks, respectively. Furthermore, staohasmulations of farm revenues have to take
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this effect into account (Artavia et al., 2010).eTheterogeneity of the level of natural hedge
across farms or regions can also affect the effetiss of policy measures to reduce income
variability such as for deficiency payments thaistsfarmers if prices are low (Skees et al.,
1998). Such policy instruments (or more generalkcgohstruments that aim to reduce farmers’
income risks) have been shown to larger affectimewariability if the level of natural hedge is
low (Skees et al., 1998).

It is widely accepted that the correlation betwpgoes and yields can differ significantly
between crops and regions. For instance, low pile- correlations are expected for a region
that is a minor producer (in terms of quantity) &ospecific crop in a country (e.g. Skees et al.,
1998, Harwood et al., 1999). Thuke price-yield correlation is usually strongesaieas where
most farm-level yields are closely related to pichn in the area at large (e.g. a large region
facing similar environmental conditions) and whehe area’s production accounts for a
significant share of production (Dismukes and CpBRO6). Also the size and closeness of the
market is expected to influence the observed l@fehatural hedge: small and localized
markets, with inelastic demand, are expected tdbéxhrger levels of natural hedge (Zentner et
al., 2002) Furthermore, for crops that can be stored cheagHacdtively the harvest quantity in
a specific year may not necessarily have a larfjgeimce on market prices in this year.

The estimation of price-yield correlations takegeofplace at aggregated levels (i.e. at
levels higher than the farm-level). Yield-price mations are, for instance, analyzed by Artavia
et al. (2010) in German crop production at theamati level, Price and Wetzstein (1999) for
peach production in Georgia at the state level,itgnd Vukina (1998) for maize production in
North Carolina at the county level, by Hanson e{E99) for corn production in Michigan at
the county level, by Kurosaki (1997) for variousgs in Pakistan at the district level, by Stokes
(2000) for lowa maize production at the state lewsld by Zentner et al. (2002) for various
crops in Saskatchewan estimated at the provincel. |®ote that the here presented set of
studies is incomplete and should only indicate gdam summarizing the enormous amount of
empirical work in this area is beyond the scopehid paper. Along these lines, the premium
rating methodology of the income protection plarthe USA accounts for the correlation of
national prices and county vyields, i.e. does netfasm-level correlations (Skees et al., 1998).
Of course, there are also studies that focus are{yield correlations at the farm-level. Farm-
level levels of natural hedge have been addredsedhstance, by Kobzar (2006) for various
crops in Dutch agriculture, by Coble et al. (20@3) corn, soybeans and cotton production in
the USA, by Anton-Lopez and Kimura (2009) for Gemeheat and barley production, as well
as by Mahul (2003) for wheat in two French Regions.

The choice of using aggregated levels is oftenvated by the fact that sufficient farm-
level data is not available (Kurosaki, 1997). Cobteal. (2007) showed that this choice of
working at aggregated levels causes serious prablenfarm-level risk analysis and modeling.
First, yield variability is smaller at more aggrégghlevels, caused by the so called aggregation
bias (see Finger, 2012a, for an overview of studieaggregation biases). Second and relevant
for this study, the correlation between yields gmites is much larger at more aggregated
levels, e.g. if comparing the farm- with the naéiblevel. Coble et al. (2007), for instance,
showed that the price-yield correlation for maiz¢he USA is on average -0.064 if measured at
the farm-level but is -0.381 if measured at theomat level. These biases arising from data
aggregation (including those in estimates of nateglge) affect the effectiveness of specific
insurance solutions (Coble et al., 2007).

With regard to questions of aggregation biasesiéfdariability estimates, it has been
shown that there exist also on-farm aggregatiosdsiai.e. that specific effects differ across
farms according to their farm size. Marra and Seh(t994), for instance, have shown for
Kansas that a 1% decrease in area under wheatttead® 1% increase in standard deviation of
wheat yields at an individual farm. Similar elaiiés have been also found for Swiss wheat (-
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0.11%) and barley (-0.05%) production (Finger, 2012 similar on-farm effect is expected to

be observable for the level of natural hedge preduction levels on larger farms are expected
to have, on average, a stronger influence on crage mlevelopments. Thus, farm size (and
potentially other variables) could be an indicdimr the level of natural hedge on a specific
farm and would thus contribute to a better desifirisk management measures and the
modeling of farm behavior. Such empirical analyisehowever, not available yet.

Based on this background, the goal of this study &) estimate levels of natural hedge,
b) analyze their heterogeneity across space amd,ccd provide estimates for errors due to data
aggregation, i.e. aggregation biases in price-ymidelations, and d) quantify the on-farm
aggregation effects, i.e. the effects of crop ageeaf a single producer on his level of natural
hedge. The latter point is expected to be of palgicimportance for the design of insurance
solutions: we aim to present continuous empiriehtionships that can be used to adjust
expected price-yield correlations for individuatrfes. To underline relevance of this issue, we
provide empirical analyses showing the effectshi$ heterogeneity on a revenue insurance
example and provide examples for potential pitfadls such insurance solutions if the
heterogeneities in price-yield correlations caubgdheterogeneous crop acreages or by the
aggregation of different farms are not considered.

Our analysis is based on empirical examples fromsSwarop production. This choice is
motivated by the fact that there is currently &latmarket-based risk management instruments
available for Swiss crop producers, also due torible mitigating role of subsidies (e.g. El
Benni and Finger, 2012). However, recent analysese haddressed new risk management
instruments because a higher demand is expectggarticular due to expected changes in
production and market risks (e.g., Finger, 2012hgé&r and Calanca, 2011, Torriani et al.,
2008). A better understanding of (and empirical idealge on) natural hedge effects will
improve these analyses on potentials and pitfdlispecific risk management instruments. In
particular, expectations on insurance demand mdfgrdacross crops as well as across
producers. The heterogeneity of on-farm yield-pdoerelations can be a substantial factor for
these differences. Our empirical analyses are basetbr Swiss maize, barley and wheat
producers, representing the three most importapscin Swiss agriculture. Barley and wheat
are produced in Switzerland to a large extent esktety (under very restrictive use of agro-
chemicals, e.g. Finger 2010a), and intensive atehsive production are thus treated separately
in our analysis.

2. METHODOLOGY

The analyses presented in this paper are basedaromldvel data that is treated
individually or at more aggregated levels. For efarin considered, annual price and yield data
for the period 2002-2009 is used. Both price aneldyidata may exhibit deterministic
developments (i.e. trends) over time that can arfae estimates of price and yield variability as
well as price-yield correlations. In particular fidre Swiss situation where increasing yield
levels accompany with decreasing price levels, tieggprice-yield correlations would be
overestimated. For each crop, we use (crop)areghtezl averages over all farms to test for
trends in crop yields and crop prices. Trends eld@ and prices estimated on the aggregated
level are used to detrend individual farm-leveldiseries. This strategy ensures that structural
developments in price and yield data do not affeice-yield correlation estimates. See Conradt
et al. (2012) for a discussion on the use of aggeshyield data for detrending. To reduce the
potential influence of outliers, the MM-estimata obust regression technique) is used for
linear detrending (Finger, 2010b). Based on detrgndesults, all yield and price values are
than set on the level of 2006.
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Based on this detrended yield and price time séoiesach farm, the subsequent analyses
are conducted. First of all, farm-level price-yietdrrelations as well as yield and price
variability are calculated and presented. Pricédyieorrelations are first estimated using
Pearson correlation. This Pearson correlation woefit measures a linear relationship between
crop prices and yields. Furthermore, it is sensitiv outlying observations, i.e. observations
that deviate from the relationship described by rtiggority of the data (Finger and Hediger,
2008). To also account for non-linear (or more galhenonotonic) relationships and to reduce
the potential influence of outliers, we additiogallse the Spearman rank correlation coefficient.
Both Pearson and Spearman correlation are estinthtedghout our analysis and potential
differences are discussed.

To estimate the relationship between price-yieldetations and the crop acreage as well
as to estimate the effects of data aggregation,stvategies are considered: First, we estimate
how a farm’s crop acreage influences its priceeymrrelations using a regression analysis. To
this end, estimated price-yield correlations areduss dependent variable, i.e. each farm leads
to a single observation in the data set. The facrp acreage is calculated as the average of
the available observations in the period 2002-20U9.account for the fact that correlations
cannot exceed the range of -1 - +1, Tobit regressare used throughout the paper. In these
regressions, we also account for the specific iogadf each farm expressed as the canton
(Switzerland consists of 26 cantons, with only thiaority having significant crop production).
The latter factor at large (i.e. not for each sfi@danton) is tested on significant influence in
the regression models by using Chi-Square tests.

To describe empirically the relationship betweeicepyield correlations and crop
acreage, the here employed data from Swiss craguption has two major drawbacks: a) the
number of available observations is limited (cpctism 3) and most importantly b) the
heterogeneity with respect to crop acreage is sr8aliss agriculture is characterized by small
farms with almost no farms with very large cropeages (cp. section 4). Thus, we expect that
the results from the above discussed regressidhsatibe able to fully reflect the underlying
relationship. To overcome this drawback, a bogbstaplication is used. In this procedure, we
create combinations of randomly selected farmsdtynating area weighted yields and prices
for each year as well as summing up crop acreagesthese farms. Thus, different farms are
randomly merged (so that they represent a singi®)fan our approach. For each possible
number of farms in a sample (n=1,...,N) we createOl@Mhdomly created combinations from
original data. N denotes the total number of faomssidered for each crop (cp. data section).
Thus, this approach leads to a total number ofrelatiens of 141000 for maize, 579000 for
intensive wheat, 779000 for extensive wheat, 624fi0intensive barley and 595000 for
extensive barley. Based on these data merger fiffenetht farms, new price-yield correlations
are estimated that are used to re-estimate thioredhip between the level of natural hedge and
the (total) crop acreage. Two models are estimditest: crop acreage enters the model linearly;
second, it is used in logarithmized form. Models aompared based on log-likelihood values
and Wald statistics. Note that this analysis da#sancount for effects of the location of a farm,
because farms are randomly merged across cantooabéaries. In summary, the initial data
sets are used to construct new, large datasetsiltbat investigating the relationship between
price-yield correlations and crop acreage in muohenempirical detail and precision.

Finally, we investigate the influence of the spieaifion of the level of natural hedge on
the design of a revenue insurance (see e.g. Batlzh, 2008, for overviews on applications).
For simplicity, we use the example of an averagmfavhere mean and standard deviation of
both crop yield and crop price is known. Howevee standard deviation of revenues is not
known but has to be approximated from the inforamaton price and yield distribution
parameters. In addition, we have no farm-level tigsgies of yields and prices and the
correlation between these two variables is thusiowk. This situation described above reflects
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the case that a farm enters an insurance progrémuwtisufficient historical farm-level records.
Price and yield information, however, can be apjmeted from other farms, e.g. by using
average values across all farms.

This example is now used to investigate four polgsis (scenarios) how to treat the
missing information on the level of natural hedtjeprice-yield correlations are not considered
at all for premium calculation, 2) price-yield celations from the aggregated (i.e. national)
level are used to calculate the revenue insuraneipm, 3) average farm-level price-yield
correlations are used and 4) the regression reeultthe relationship between the expected
price-yield correlation and crop acreage are usegktimated farm-specific revenue insurance
premiums.

For illustration purposes, this example focusesnaize. As noted above, we assume that
farm-level information on average yield, , variance of yieldpar(q), mean pricey, , and

price variance,var(p), are known. The variance of gross revenugg €an thus be
approximated as follows (Bohrnstedt and Goldberi@69):
(1) Var(gr) = pdvar(p) + pdvar(q) + 2ppgcov(p, q)

cov(p, q) is the covariance of price and yield, calculatedne product of correlation and
both standard deviations. This parameter is sultfethe above described scenario analysis.
Based on the variance of gross revenue and itagedcalculated as product of expected, i.e.
average, yields and prices,, = u, 1, ) we are now able to calculate fair insurance puensi
To this end, we assume a coverage level of 90%aideductible of 10%. Thus, if the actual
revenue §r;) falls below the 99 percentile of average revenueg,,() the farmer is
indemnified. This critical gross revenue lewet, i.e. below which the farmer gets a payment
from the insurance, is defined as follows; = 0.9 pg;-.

If the revenuggr; falls below the critical revenue lewet., we assume that farmers’ are
indemnified linearly. Thus, the indemnity paymeamdtion can be described as follows:

(2) Indemnity = max{0, gr; — gr;}

The premium of this insurance is calculated as ffe@mium’, i.e. the insurance premium
is equal to the expected indemnity payment (Mudsttodl., 2011). For each calculation of an
insurance premium, we simulate 10000 revenues baseke expected revenue as well as the
information on revenue variance (which differs adoug to the scenario employed) assuming
normal distributions. For scenarios 1-3, this letada single estimate for the insurance premium
for each scenario. In contrast, we repeat the poesfor scenario 4 according to the observed
crop acreages for the 141 maize producers inclirdedr analysis separately. Thus, each farm
has an individual revenue insurance premium. Nudé yield and price risk are assumed to be
equal across these farms, but price yield cormlatdepend on the individual crop acreage. The
latter relationship is taken from the regressionlysis described above. From these scenario
analyses, the resulting insurance premiums areepted and used as discussion basis for the
relevance of better knowledge on levels of natneglge on the farm-level.

3. DATA

Our empirical case study is based on Swiss FADN,dat. farm level bookkeeping
records, covering the period 2002-2009 (Agroscopd,R2005). Details on the dataset and
sampling methodology are presented, for instangei@ier (2005). Note that price, yield and
crop acreage is limited to the farm-level, i.e fietd-level data is available. From this database,
those farms are selected that reported yield, pmckacreage information for the crop analyzed
for at least 4 years in the period 2002-2009. Tédsls to a set of 141 maize producers (with
totally 727 annual observations), 579 intensive athgroducers (with totally 2512 annual
observations), 779 extensive wheat producers (tatally 3863 annual observations), 624
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intensive barley producers (with totally 2793 arnmlzservations) and to 595 extensive barley
producers (with totally 2653 annual observations).

Note that extensive differs from intensive prodoictby the fact that no application of
fungicides, plant growth regulators, insecticidesl @hemical-synthetic stimulators of natural
resistance is allowed. This production type is gl by an ecological direct payment since
1992, and the majority (i.e. more than 50%) of whmaducers in Switzerland has adopted it in
the last two decades (see Finger and El Benni, )2@kthong the here considered crops, only
wheat and barley are included in this ecologicadatipayment scheme (Finger, 2010a).

4, RESULTS

4.1. Descriptive analyses

Table 1 shows the descriptive statistics of cropldd and prices estimated at the
aggregated level, i.e. by using (crop)area-weigldagdrages over all farms. It shows that
differences in yields and prices between extenaiwe intensive wheat and barley production
are large, which further underlines the importaotcseparated analyses for these categories. In
general, we find that crop yields increased (exesgensive barley), but crop prices decreased
in the considered period 2002-2009. Estimated dnyiall increases, however, are small (in
the range of 0.48-1.17 dt/year). This is due tofttwt that the greening instruments of Swiss
agricultural policy, that are applied since the @9%ave led to much smaller yield growth rates
than in earlier periods (Finger, 2010a). Even thowgends in yields and prices are not
necessarily significant, they have to be removednsure that increasing yield levels that are
accompanied by decreasing price levels do nottieath overestimation of negative price-yield
correlations. Thus, all subsequently reported mestadard deviations and correlations are
based on detrended data.

Price-yield correlations (Pearson) observed at&dbgregated level range from -0.17
(extensive wheat) to -0.39 (intensive barley). Thibere is a substantial level of natural hedge
observed at the aggregated level for all crops. gzoing Pearson and Spearman correlations
shows that both estimators can differ substanti&pearman correlation is higher than Pearson
correlation for extensive and intensive wheat a#l a® for intensive barley. This indicates
particular non-linear relationships between yieldd prices for these crops. In contrast, Pearson
correlation was found to be higher for maize angmsive barley.

Table 1. Descriptive statistics of crop yields amdces: aggregated level (area-weighted
averages).

Maize Intensive Extensive Intensive Extensive
Wheat Wheat Barley Barley

Mean Yield (in dt hd) 95.78 65.11 53.81 71.04 54.02
SD Yield (in dt h&) 6.57 3.71 3.12 4.21 3.38
Trend Yield (in dt hay™) 1.17 0.60 0.48 0.59 -0.06
Mean Price (in CHF d 44.03 54.95 60.82 43.27 42.60
SD Price (in CHF dft) 2.46 4.01 4.74 2.61 2.85
Trend Price (in CHF dty™) -0.97 -1.11 -1.12 -1.00%* -1.07%
Price-Yield correlation -0.34 -0.30 -0.17 -0.39 -0.25
(Pearson)
Price-Yield correlation -0.31 -0.43 -0.24 -0.55 -0.19
(Spearman)

***denotes significance at the 1% level.
Table 2 shows the descriptive statistics basedaom-fevel analyses. Thus, all values

presented in Table 2 represent average values saabsfarms. Numbers in parentheses
represent the sample (across all farms) standasdtabens. It shows that standard deviations of
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crop yields at the farm-level are substantiallyhieigthan estimated at the aggregated level
(comparing Table 1 and 2). More specifically, yistdndard deviation at the farm level is, on
average, 2.53, 2.33, 2.36, 2.61 and 2.62 timesehigfan at the aggregated level for maize,
intensive wheat, extensive wheat, intensive badey extensive barley. This refers to the
‘classical’ aggregation bias in yield variabilitgee Marra and Schurle, 1994, and Finger,
2012a).

For price variability, smaller differences betweaggregation levels are found: price
variability at the farm-level is 2.29 (maize), 1.@6tensive wheat), 1.71 (extensive wheat), 1.82
(intensive barley) and 1.79 (extensive barley) sirager than on the aggregated level. Even
though these aggregation biases in price standaidtébn are smaller than for crop yields, they
are not negligible. Partially, this is in agreemaeuith the results of Coble et al. (2007) who
show that yield variability increases more rapitiyan price variability with disaggregation.
However, Coble et al. (2007) also state that primes highly spatially correlated and price
variability is thus expected to be similar acrossoantry. Thus, the here found rather large
effects of aggregation on price variability are xpected. The higher price variability at the
farm-level is expected to be the result of variaplality levels. For instance, wheat may range
between high class baking to fodder quality (see 8wiss cereal producer organization
http://www.swissgranum.¢ghfor details and data) depending on weather comdit and
management, which leads to large differences ineprireceived. Thus, also volatile crop
qualities (which remain unobserved in FADN data) cantribute to crop price volatilities at
the farm-level. On more aggregated levels, howewerexpect that this effect averages-out
across farms.

Important for this study, Table 2 also shows thiatepyield correlations are smaller at the
farm-level: These differences are largest for lyankith a factor of 3.13 for extensive and a
factor of 7.80 for intensive barley (both for Pearscorrelation). The difference between
aggregation levels in price-yield correlation iby far - smallest for extensive wheat (factor
1.21). For intensive wheat and maize these faeti@@.00 and 1.70, respectively. Even though
differences between Pearson and Spearman correlaéice found to be large at the aggregated
level, virtually no difference between the two egttors is found for the farm-level analysis.
Thus, subsequent applications focus on Pearsoelaton only.

Table 2. Descriptive statistics of crop yields gnides: farm-level.

Maize Intensive Extensive Intensive Extensive
Wheat Wheat Barley Barley

Number of Farms included 141 579 779 624 595
Area under the crop (in ha) 2.72 (1.94) 4.63 (3.50) 3.72 (2.86) 2.42 (1.46) 1.97 (1.17)
Mean Yield (in dt ha) 96.12 (11.91) 63.60 (10.13) 53.26 (7.58) 69.56(93) 54.18 (9.18)
SD Yield (in dt h&) 16.60 (8.09) 8.64 (5.32) 7.35 (3.71) 10.99 (5.61) 8.87 (4.69)
Mean Price (in CHF df 43.94 (7.70) 53.93 (9.49) 60.21 (15.84) 42.5675p. 42.65 (8.28)
SD Price (in CHF dt) 5.64 (5.74) 6.66 (5.01) 8.12 (5.39) 475 (5.98) .0955.82)
Mean Revenue (in CHF ha 4166.71 3388.52 3149.08 2945.51 2291.45
h (740.44) (614.48) (694.65) (565.65) (522.04)
SD Revenue (in CHF Ha 811.65 568.97 556.14 566.08 460.06

(436.94) (316.11) (278.17) (356.21) (286.83)
Price-Yield correlation -0.20 (0.51) -0.15 (0.57) -0.14 (0.53) -0.05 (0.57) -0.08 (0.59)
(Pearson)
Price-Yield correlation -0.20 (0.50) -0.14 (0.56) -0.14 (0.53) -0.04 (0.56) -0.09 (0.58)
(Spearman)

Note that all yields and prices are set on thel le/2006 after detrending. Numbers in parenthespeesent the
sample (across all farms) standard deviations.

In general, the here indicated levels of naturalgieein Swiss crop production tend to be

higher than for other countries. This is in pataewlue to the high level of border protection
measures for agricultural products (e.g. tariffsl ajuotas), which leads to a rather closed
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economy for agricultural goods. Artavia et al. (@Plfor instance, found price-yield
correlations in German agriculture at the natideakl of -0.07, -0.25 and -0.27 for wheat,
barley and canola, respectively. Kobzar (2006)neged yield-price correlations at the farm-
level for Dutch agriculture and found, for instanealues of -0.05, -0.03, -0.32, -0.44, -0.38 for
wheat, barley, sugarbeets, carrots and table mstatespectively. Zentner et al. (2002) found
even positive price-yield correlations (in the rangf 0.03 — 0.25) for spring wheat, durum,
barley and field pea in Saskatchewan estimateteaptovince level, negative correlations (in
the range of -0.15 - -0.20) are indicated in thigdg for flax, canola, mustard and lentil. A
price-yield correlation of -0.08 for lowa maize gustion estimated at the state level (futures)
has been indicated by Stokes (2000). A much hilglvet of natural hedge, i.e. -0.52, was found
for peaches in Georgia analyzed at the state i@mte and Wetzstein, 1999). For maize in
North Carolina using county level data (spot magkdti and Vukina (1998) found correlations
between -0.04 and -0.19. Hanson et al. (1999) atelia level of natural hedge of -0.32 for corn
production in Michigan measured at the county lef7ahally, Coble et al. (2007) find, using
USA data, correlations for maize to be between64.at the farm and -0.38 at the national
level, for soybeans: between -0.10 at the farm -@n86 at the national level, and finally for
cotton: between -0.04 at the farm and -0.14 ah#tmnal level.

These results underline the expected tendencyiadmeops such as vegetables and fruits
tend to have larger levels of natural hedge. T$iduie to the usually smaller (in terms of space)
market for such products and the shorter durahfidityd inferior storability) compared to staple
crops such as wheat. Along these lines, cereatsttehave the lowest levels of natural hedge.
Furthermore, the existing literature underlines finelings of our analysis that the level of
natural hedge decreases with lower levels of agdiay (e.g. if going from the national- to the
farm-level).

4.2. Explaining heterogeneity in price-yield correlations

In the subsequent step, we aim to explain (at lpagtally) the heterogeneity in farm-
level levels of natural hedge using crop acreagkragion as explanatory variables. To this
end, Tobit regressions are used. Figure 1 showsdtimated price-yield correlations in relation
to the respective area under the specific cropter5 crops considered. It shows that the
heterogeneity is enormous, i.e. estimates range frb to +1. No clear-cut relationship,
however, is indicated in the figure with regardtop acreage.

Table 3 summarizes the Tobit regression resultedas the farm-level price-yield
correlations and crop acreage. It shows that ccogage has the expected effect, i.e. larger crop
acreage leads to a stronger negative price-yigletledion. Thus, our results indicate that, for a
single farm, the level of natural hedge increaséh tine crop acreage. For instance, a one
hectare increase of the area under intensive vilaads to decrease of the price-yield correlation
by -0.005: While the price-yield correlation is, aewerage, -0.102 for a 1 ha producer, it
changes to -0.122 and -0.147 for a farm with 5 ha 20 ha, respectively, under intensive
wheat. Thus, farms with a larger area under a fipemiop face lower revenue variability
because low and high yield events, respectivelg, tarffered by higher/lower price levels
farmers face. This finding also indicates that éargroducers have to rely less on off-farm risk
management instruments such as insurances. It stuothermore, that insurances might have
problems with adverse selection, i.e. only smalinfawith low price-yield correlations (and
high yield variability) may take revenue insurance.
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Figure 1. Price-yield correlation versus farm-lesdp acreage (initial datasets).
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However, the effect of crop acreage on price-y@idelations is significant only for the
extensive barley model and PseudtsRremain on small levels. We expect that this
insignificance is caused by the small variabilitycrop acreages observed in our sample: Figure
1 shows that farms with large crop acreages age Farmthermore, the number of observations
may be still potentially too small to exhibit s&itally significant relationships.

Table 3. Tobit regressions explaining observed fimval price-yield correlations using initial
datasets.

Maize Intensive Extensive Intensive Extensive

Wheat Wheat Barley Barley
Intercept -0.335 (-0.15)*  -0.097 (0.13) -0.0441(D) 0.075 (0.14) 0.278 (0.17)
Crop acreage (in ha) -0.024 (0.12) -0.005 (0.01) 008(0.01) -0.008 (0.02) -0.043 (0.03)*
Influence of (entire) . -

n.s. n.s. n.s.
factor canton
Observations 125 488 680 542 531
McFadden Pseudo’R 0.08 0.02 0.02 0.01 0.02

McFadden Pseudo R2 compares the relative gain fierfutl model compared to the intercept (only) nadsng
model log likelihoods. Numbers in parentheses tedard errors. *, ** and *** denote significancethe 10%, 5%
and 1% level. n.s. denotes not significant. No&¢ fome observations had not been used due tagissiues for
the variable canton.

To overcome this drawback, we employ a bootstragrageh that creates combinations of

randomly selected farms by estimating area weighields and prices for each year as well as
summing up crop acreages from these farms. Thiieratit farms are randomly merged in our

approach. This leads to a total number of obsematihat ranges between 141000 (for maize)
to 779000 (for extensive wheat) (cp. Table 4). Bame these data merger from different farms,
new price-yield correlations are estimated, which ased to re-estimate the relationship
between the level of natural hedge and the (tatalp acreage (see section 2 for a detailed
description). Two models are estimated: first, caopeage enters the model linearly; second, it
is used in logarithmized form. For all crops, tleeand model led to higher log-likelihood

values and higher Wald statistics. Thus, only tredeh results based on logarithmized crop
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acreages are presented. Note that no differenadessacantons are considered here because
farms across all cantons are merged randomly snajtyproach.

Table 4. Tobit regressions explaining farm-leveketyield correlations using bootstrapped
datasets.

Maize Intensive Wheat Extensive Wheat Intensive Barley Extensive Barley

Intercept -0.221 0.028 -0.215 0.148 -0.054
In(Crop acreage)  -0.020 -0.048 0.006 -0.080 -0.029
Number of observations 141000 579000 779000 624000 595000

Table 4 shows the regression results based oratge randomly created datasets. The
data as well as the estimated relationships aepted in Figure 2. Due to the high number of
(artificially created) observations, all terms &ighly significant. Thus, no model goodness of
fit and significance levels are presented in T@bl€oefficients may be interpreted as follows: a
one per cent increase in area under maize leads tmcrease in the negative price-yield
correlation by 0.02. Note that the estimated refethips reflect saturating effects of crop
acreages on price-yield correlations (cp. Figure 2)

While regression analyses for maize, intensive Wwia@a barley as well as extensive
barley indicate the expected sign, i.e. a higheellef natural hedge for larger crop acreage, a
(slightly) positive relationship is found for extwme wheat. This is in agreement with the
descriptive statistics presented in Table 1 andtitre differences in price-yield correlations
between aggregation levels were found to be thdleshdor extensive wheat. Thus, there is
almost no aggregation effect in price-yield cotielas for extensive wheat. This particularity is
caused by the fact that the private marketing argdion IP SUISSE vjww.ipsuisse.ch
markets extensively produced wheat in differentritistion channels and pays an additional
mark-up on top of market prices for extensive whé&dterefore, wheat prices received by
extensive producers are — on average — higherfdrantensive producers (cp. Table 1 and 2).
However, the on-the-top payments vary from yeaydar in particular based on the number of
contracted farms, as well as marketing of the camp@hus, marketing and price developing
mechanisms are different compared to the othersccopsidered. Note that this price mark-up
does not concern extensive barley production bectus is focused on bread cereals (barley is
used as fodder crop only in Swiss crop production).

The regression results presented in Table 4 canbeowsed as basis for the adjustment of
estimates for farm-level price-yield correlatioR®r instance, a one hectare maize producer is
(based on the regression results) expected to bavaverage, a price-yield correlation of -0.22,
while a five hectare producer is expected to hasereelation of -0.27.

A first validation approach for these relationshigpsnade by re-estimating the expected
price-yield correlations at the farm-level (takeanfi Table 2, based on average crop acreage)
and the aggregated level (taken from Table 1, basetal crop acreage). These comparisons
are presented in Table 5. It shows that the reigreswiodel is able to predict price-yield
correlations very well for most crops.

For instance, the regression model predicts agtgddavel price-yield correlations on an
average (with respect to crop acreage) farm alpedectly for maize and extensive barley. For
extensive and intensive wheat, farm-level predngiand observations differ by about 0.05 and
0.1, respectively. For intensive barley, howevee, absolute difference is still small (about 0.1)
but the regression model leads to the wrong sighefkffect, i.e. a positive instead a negative
correlation is indicated. For the aggregated lethed, performance of the predications based on
regression model is much better. Only slight déferes in the range of 0.05 are indicated for
intensive wheat and barley.
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Figure 2. Price-yield correlation versus crop ageegbootstrapped datasets) and Tobit
regression fits (from Table 4).
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Table 5. Model prediction of price-yield correlatiat farm and aggregated level compared to
observations.

Observed correlation  Estimated correlation Observed correlation Estimated correlation
(average farm crop (average farm crop (total crop acreage) (total crop acreage)
acreage) (Tab. 2) acreage) (Based on Tab. 4)Tab. 1) (Based on Tab. 4)
Maize -0.20 -0.24 -0.34 -0.34
Int. -0.15 -0.05 -0.30 -0.35
Wheat
Ext. -0.14 -0.21 -0.17 -0.17
Wheat
Int. -0.05 0.08 -0.39 -0.44
Barley
Ext. -0.08 -0.07 -0.25 -0.26
Barley

Note that we are aware that the here analyzed gafioe of crop acreages is only one
contributing factor to differences in price-yieldreelations. Figure 1 and 2 clearly show that the
heterogeneity around regression fits is substanki@wever, we think that the empirical
relationships between price-yield correlations #relcrop acreage considered (e.g. on a farm)
presented in Tables 3 and 4 provide interestingglins with high potential for further
applications. From earlier studies (e.g. Coble lgt2007) we were aware that the level of
aggregation influences price-yield correlationse Tagression results from our analysis can be
used to put this idea much more forward: we can goantify how much larger crop acreage
considered (either due to larger on-farm crop agrear aggregation of several farms)
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influences this relationship. For instance, weadole to quantify how, on average, a one-hectare
producer differs from a ten-hectare producer wéthard to the level of natural hedge he faces.
This information can be used to adjust farm-leveldaling as well as farm-level insurance
applications.

4.3. Insurance Example

To empirically illustrate the latter, we investigahe influence of the specification of the
level of natural hedge on the design of a revemgarance that assumes a coverage level of
90%. We use the example of an average maize produtere only mean and standard
deviation of both maize yield and maize price iswn. The modeled situation reflects the case
that a maize producer enters an insurance prograhowt sufficient historical farm-level
records. Price and yield information, however, barapproximated from other farms. Here, we
do so by using average values across all farms.

This example is now used to investigate four sdemahow to treat the missing
information on the level of natural hedge: 1) ptyoeld correlations are not considered at all for
premium calculation, 2) price-yield correlationerfr an aggregated (i.e. the national) level are
used to calculate the revenue insurance premiumye&age farm-level price-yield correlations
are used and 4) the regression information ondlaionship between the expected price-yield
correlation and crop acreage are used to estinfiatedspecific revenue insurance premiums.

This setup is now used to calculated fair insurgmegniums for the four scenarios as
described in section 2 and based on farm levemastis on mean and standard deviation of
maize yield and maize price taken from Table 2. Boenarios 1-3, this leads to a single
estimate for the insurance premium for each scen&or scenario 4, however, the observed
(average) crop acreages of the 141 maize produoehsded in our analysis are used to
calculate expected price yield correlations fornetarm separately. For illustration purposes,
we assume that even though price yield correlatitapend on the individual crop acreage (i.e.
have 141 different values), yield and price ris& mtentical across these farms. The empirical
relationship between price yield correlation and thop acreage is taken from the regression
model presented in Table 4. Thus, each farm hasdaridual revenue insurance premium.

Our results show that if no price-yield correlatisnconsidered, i.e. it is assumed to be
zero (Scenario 1), the fair insurance premium i8.18 CHF h# y*. This is expected to
overestimate real revenue risk, because the natedde is not considered. If in Scenario 2
price-yield correlations observed at the aggregdded| (-0.34, Table 1) are used, the fair
insurance premium is equal to 134.54 CHF kid. From the above shown bias in price-yield
correlations across aggregation levels, we expettthis approach overestimates the influence
of the natural hedge on revenue variability atféren-level. If average farm-level price-yield
correlations are used (Scenario 3), the premiutb467. The computation of scenario 4 leads
to 141 different insurance premiums that range fi@.89 to 161.47. The probability density
function of these 141 values as well as the resfilégenarios 1-3 are summarized in Figure 3.

It shows that Scenario 1, which does not accoualldbr natural hedge, overestimates
risks and premiums are thus too high. As a reswyrance demand is expected to be low (or
zero). In contrast, if price-yield correlations dasen from the aggregated level (Scenario 2),
the effect of natural hedge is overestimated, awenue risk thus underestimated. Premiums
tend to be too low, and the insurance will thusesufrom losses because premiums do not
cover real indemnity payments. These two cases feamharket failures: either there is no
insurance demand or the insurance makes losseentrast, if average price-yield correlations
are used to account for the influence of naturalgee(Scenario 3), the insurance premium is
located in-between the two extreme solutions. Tétep is expected to avoid the above
described market failures to some extent. If ingoeapremiums are adjusted according to the
effect of crop acreage on price-yield correlatitorseach farm (Scenario 4), insurance pricing is
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not fixed to a single value but each farm has dividual insurance premium that, on average,
leads to a better description of farm-level reverigks. Even though only the information on

crop acreage has been taken into account to gaj@istiums, it shows that premiums can differ
largely across farms. Thus, this simple adjustrpeatedure could lead to large potential gains
in insurance markets.

In a subsequent step of this research, applicati@large set of crops and farms should
be provided to show the real impacts of the prop@sustment procedure. We are aware that
heterogeneities across farms with regard to tineiividual level of natural hedge may be only
one part in the puzzle why insurance solutions faaeket failures. However, the here proposed
simple solution to overcome this problem at leastdme extent offers a solid starting point for
the improvement of insurance design.

Figure 3. Revenue insurance premiums calculateedbas 4 different approaches.
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5. CONCLUSION

In this paper, we have shown that the level of r@htuedge, i.e. the (negative) price-yield
correlation differs substantially across aggregatvels based on the example of 5 crops in
Swiss agriculture. At the farm-level, much smafbeice-yield correlations are observed than at
the aggregated (e.g. national) level. Thus, ifgtee-yield correlations from aggregated levels
are used to approximate situations at the farmklewe error is made. More specifically, the
effect of the natural hedge will be overestimatatj farm-level revenue variability will thus be
underestimated. In contrast, our results also diaivthe price-yield correlations are relevant.
Thus, not accounting at all for the natural hedgay mlso cause serious biases in risk
assessment and modelling because farm-level revesmurbility will be significantly
overestimated. To overcome the potential problessciibed above, farm-level estimates of
price-yield correlations should be employed. Waeustltate the potential gain from this
information using an example of revenue insuramdegre an under- or overestimation of
insurance premiums can be avoided if a farm-legéhmte for the price-yield correlation is
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used. If necessary farm-level data is missing,rvesion factor that accounts for the structural
difference between estimates, for instance, anti®nal level and the farm-level should be
applied.

Furthermore, we have shown that there is a relshipn between the price-yield
correlation at the farm-level and the respectiapa@creage. It shows that larger producers face
a higher level of natural hedge. We find that, ifatance, a 1% increase in area under maize
and intensive barley leads to a change in the ledioa by -0.02 and -0.08, respectively. Even
though the crop acreage explains the observeddgeteeity in price-yield correlations at the
farm-level only to a limited extent, we think thhts information can be valuable. We prose that
approximations for farm-level price-yield corretats (if real values are not known) could
employ this information on crop acreage. We illatgrthis procedure for premium calculation
in a revenue insurance example. It shows thatsimple adjustment procedure already implies
large differences in fair insurance premiums acrfasns. Thus, this simple adjustment
procedure (only information on the crop acreagesdgired) could lead to improved insurance
designs and thus avoid insurance market failures.
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