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Abstract

Larger price volatility in agricultural markets and decreasing subsidy levels have increased
the market risks in Finnish hog production. One option for the Finnish government to
strengthen risk management in the pig sector is to introduce an income stabilisation tool
(IST). An IST was included as part of rural development legislation in the reform of the
Common Agricultural Policy (CAP) of the EU in 2014. In this paper, we introduce a gross
margin index for the Finnish pig sector on which the IST could be based and empirically
evaluate the index itself and individual time series composing the index. The results reveal
that the volatility of the pig meat price was the most significant factor in the volatility of the
pig gross margin. The results also indicate that the pig meat price series is persistent and thus
has a long memory. The obtained results have major implications for the design and

simulation of an IST scheme in Finland.
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1. Introduction

Animal producers in the EU have only limited means to handle risks related to agricultural
markets. There are two main reasons for this. First, futures markets for animal products are
underdeveloped in the EU. Second, agricultural policy measures aimed at reducing income
fluctuations due to price movements are almost totally lacking (Meuwissen et al. 2003, Smith
and Glauber 2012). Agricultural subsidies in the EU have been decoupled from production in
reforms of the EU Common Agricultural Policy (CAP), which has increased price volatility
in the market. In effect, one of the major objectives of the CAP, market stability, has been
lost (Matthews 2010).

Increased price volatility in agricultural markets and decreasing subsidy levels
increase the market risks in hog production. Increased income risks reduce the incentive and
ability of hog producers to invest in future production. Thus, they lower the rate of
investment and in effect lower the rate of agricultural growth. In a volatile production
environment, it can be difficult for producers to perceive the true price signal, which leads to
inefficient allocation of resources. In the whole food chain, price volatility increases the
contract risk and makes long-term planning difficult (Matthews 2010).

Finland is at the outskirts of the EU common market. However, price movements in
the EU are transmitted to the Finnish market, and Finnish producers compete in the same
playing field with other EU producers. Since 1995, when Finland joined the EU, natural
constraints due to the farm structure and harsh climate have been compensated with extensive
national subsidies. However, since 2009, the level of national subsidies has been declining for
the pig sector. The decreasing subsidy levels coupled with the more volatile agricultural
market environment have made Finnish producers increasingly vulnerable. The situation has
escalated during 2015, as Russia’s import bans on EU food products have overcrowded the
market. The profitability of hog production is currently sharply decreasing in Finland.

An EU income stabilisation tool (IST) was introduced as part of rural development
legislation in the 2014 CAP reform (EU 2013). According to the legislation, member states
can devote part of their second pillar expenditure to farmers’ mutual funds, providing an
income stabilization tool on non-profit basis for farms that are part of the mutual. The subsidy
is directed to compensation payments rather than participation/premium payments. Thus,
subsidies are paid directly to the mutual. In addition, mutual funds may allocate subsidies for
the administrative costs of the system. The IST opens a new way to support agricultural
producers. Similar systems are in use in North America. In the US, hog producers can insure

their income from hog production through Livestock Gross Margin (LGM) insurance (Small



et al. 2007). In Canada, the AgriStability programme provides protection against declining
income at the farm level (AAFC 2014).

The structure of the IST introduced in the CAP legislation is similar to that in use in
Canada. It also follows the guidelines of green box government subsidies in WTO regulations
(WTO 1994). In the IST introduced by the EU, current farmer incomes are compared to the
historical farm income. If a farmer’s income (market return and subsidies deductible from
input costs) falls below the reference level, the mutual fund will pay compensation. The
reference level income is derived from incomes in past years (a three-year average, or five-
year average without the highest and lowest value). In the Canadian system, farmer incomes
are derived from farm-level data. Thus, the administrative costs related to the scheme are
considerable. The purpose of IST is to smooth the fluctuations in farmer incomes. However,
as Finger and El Benni (2014) demonstrated, IST will also reduce income inequality.

In contrast to a system relying on farm-level bookkeeping data, we here introduce a
gross margin index that serves as a basis for IST designed for hog producers. Three benefits
of the index type of IST can be recognised. First, with indices, the administrative costs can be
reduced, because there is no need for bookkeeping of the reference income or indemnity
payment calculations for individual farms. Instead, these can be obtained from public
statistics. Second, moral hazard problems related to the income stabilization tool can be
avoided (Liesivaara et al. 2012). Three, even if indices are not used in the IST, the insurer
(i.e. farmers’ mutual fund) needs to make assumptions concerning the future income of farms
in order to determine the participation fees (Meuwissen et al. 2003). As futures markets for
pig meat are underdeveloped in the EU, price paths need to be evaluated by other means (for
example with indexes). This implies the modelling of future price paths'. Before any sensible
modelling of the IST is performed, the independence properties need to be evaluated for
individual price time series determining the pig gross margin.

In this paper, we introduce a gross margin index for the Finnish pig sector and
empirically evaluate the index itself and individual time series composing the index. The
aims of our study were to 1) develop an index that could be used as a basis for an income
stabilization tool for the pig sector in Finland, ii) decompose the variance of the gross margin
index into different components and iii) evaluate whether different components of the index
satisfy the random walk hypothesis (RWH). Whether the time series follow random walks

has major implications for the insurability of farmers’ incomes with the index.



The underpinning theory behind the analysis of this paper is the efficient market
hypothesis. In efficient markets, prices follow a random walk, or more precisely, a martingale
(Samuelson 1965), and price behaviour has no memory. Thus, returns from an efficient
market are white noise, which suggests that it is impossible to make long-term profits by
predicting price trends. The analysis performed in this study built on past work mainly
carried out in North America. The literature on the long-range dependence of agricultural
futures contracts is concentrated on the US market (e.g. Helms et al. 1984, Corazza et al.
1997, Jin and Frechette 2004, Barkoulas et al. 1999, Power and Turvey 2010, Elder and Jin
2009). A study by Turvey (2007) also included Canadian future contracts, and Dawson
(2011) investigated European wheat futures contracts.

As no relevant futures markets exist for Finnish hog farmers, the IST needed to be
based on spot market prices. Future prices need to be modelled, depending on past price

series properties.

2. Structure of the pig gross margin index

Because futures markets for agriculture commodities are underdeveloped in the EU, we were
forced to use cash market prices in determining the pig gross margin index. The pig gross
margin was formed from four different price series: for pig meat, feed, barley and piglets.

The price data for the pig gross margin index were acquired from two sources. The
pig meat, barley and piglet prices were obtained from the Natural Resources Institute. Pig
meat and barley prices are published monthly, whereas the piglet price is published weekly.
The monthly feed price was obtained from Statistics Finland. The monthly pig feed index is
published four times a year. The index was transformed into Euros by using an estimate of
the pig feed price for the base year (2010) provided by ProAgria, the Finnish expert services
for farmers.

Figure 1 presents the price of pig meat, piglets, pig feed and barley in Finland from
2000-2014. Since 2007, feed and barley prices have fluctuated more than before. In addition,
according to a visual check of the price series, pig meat and piglet prices have fluctuated
considerably since 2007. However, in 2001, the pig meat and piglet prices peaked, after
which they rapidly declined. Due to this price regime change after 2007, we evaluated the

! Pig meat futures are notified in Eurex in Frankfurt. However, hog futures markets in Eurex are very thin, and
the volatility of hog futures price is higher than in Finnish pig meat spot market.



properties of all prices in the whole period and in two sub periods, namely 2000-2006 and
2007-2014.
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Figure 1. Monthly piglet price (€/piglet), pig meat price (€/kg), pig feed price (€/kg) and barley price
(€/kg) from 2000-2014 in Finland (Natural Resources Institute Finland, 2015; Statistics Finland,

2015).
Table 1.
Mean, standard deviation and skewness of the price series for the periods 2000-2014, 2000-2006 and
2007-2014.
2000-2014 2000-2006 2007-2014

Mean SD Skewness| Mean SD Skewness| Mean SD Skewness

Pig meat (€/kg) 1.44 0.165 0.426 1.34 0.123 0.652 | 1.534 0.141 0.561
Feed price

(€/kg) 0.433 0.068 0.446 |0.372 0.013 0.488 | 0.486 0.050 -0.508
Barley price
(€/kg) 0.129 0.034 0.954 |0.108 0.008 0.892 |0.147 0.036 -0.032

Piglet (€/piglet) 52.7 6.468 1.123 544 8385 0.588 51.3 3.616 0.586

Pig gross margin index

The mean values, standard deviations and skewness of individual price series in the periods
2000-2014, 2000-2006 and 2007-2014 are presented in Table 1. All the price series had
positive skewness in 20002014 and 2000-2006. Thus, the right tail of the price distribution
was longer. In 2007-2014, the barley price and feed price displayed negative skewness,
which suggests that the left tail was longer. The standard deviation of prices was higher in the
period 2007-2014 than in 2000-2006 for pig meat, feed and barley prices. The standard
deviation of the piglet price was more volatile in 20002006 than in 2007-2014.



In the monthly pig gross margin (GM), the revenue from the sale of one pig was
considered. Thus, feed costs and piglet costs are deducted from the revenue from pig meat
sales. As subsidies play only minor role in current pig meat production, these were not
considered in determining the GM. Formally the monthly GM is formed:

GM =83 %P,

pig meat

=38 % Prog — 214 % Pyoriay — Ppigler. (1)
The multipliers for the amount of pig meat, feed and barley needed for growing the pig for
slaughter were obtained from Heinola et al. (2012). The gross margin in 2010 was then
normalized to 100 (the mean value of 2010 was assigned a value of 100). Thus, other years in
the pig gross margin were compared with the base year, 2010. Figure 2 presents the pig gross
margin from 2000 to 2014. The volatility of the pig gross margin was considerable. In 2000—

2014, the standard deviation of the index was 27.4 and the mean value was 87.9.
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Figure 2. Monthly pig gross margin from 2000-2014 (2010 = 100).

3. Research methods

As described in the previous section, the pig sector gross margin was based on four individual
price series. The income stabilization tool is planned to be based on this index. Thus, the
properties of individual price series and the index are examined here. Although we did not
evaluate the design or fair premiums of the scheme in this study, the aim was to ensure an

actuarially viable product for the Finnish pig sector. Hence, we evaluated how well the price



series follow a pure random walk and where the risks in the pig gross margin originate. In

this section, we describe how this was done.

3.1. Variance decomposition

The variance of gross margin (GM) can be decomposed into different components of pig
returns, feed cost, barley cost and piglet cost by using method by Burt ja Finley (1968). With
different components of variance and covariance, we can observe which factors increase or
reduce the overall variance in the gross margin index. Covariance terms between index

components reveal the natural hedge in the pig gross margin.

3.2. Variance ratio tests

Variance ratio (VR) tests were performed in order to examine whether individual price series
used to determine the pig sector gross margin follow the random walk hypothesis (RWH).
The RWH provides a means to test whether markets are unpredictable (Fama, 1970). VR tests
are used to test the hypothesis that a given time series is a collection of i.i.d. observations or
that it follows a martingale difference sequence.

Over the years, numerous variance ratio tests have been developed (Charles and
Darné, 2009). From these, we performed two individual ratio tests (in which the null
hypothesis is tested for an individual period). Next, we provide a brief description of the

performed VR tests.

Lo and MacKinlay test

Lo and MacKinlay (1988) introduced a test that uses the variance property of Brownian
motion to test for the RWH. The rationale behind the Lo and MacKinlay test is that the
variance of any step k (where 1 <k < T) must be a linear multiple of the variance of a single
step. Formally:

of = ka?, ®)
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To accommodate conditional heteroscedasticity in the time series data, Lo and MacKinlay

(1988) proposed the heteroskedasticity-robust test statistic:

My (k) = EE22 )

¢ix) 2

which follows the standard normal distribution asymptotically as described in Lo and
MacKinlay (1988). The test statistic is 1 if the time series follows a random walk. The Lo-
MacKinlay test is an asymptotic test. Its sampling distribution is approximated based on the
limiting distribution. Thus, it is biased and right skewed in finite samples. Therefore, Wright
(2000) proposed a nonparametric test as an alternative to conventional asymptotic VR tests,

which is introduced next.

Wright test

Wright (2000) suggested a test that uses ranks and signs. When the sample size is small, as in
our case with price series components in the pig gross margin, Wright’s test has two
advantages over the Lo-MacKinlay test. First, rank (R1 and R2) and sign (S1 and S2) tests
have an exact sampling distribution. Second, the tests may be more powerful than the
conventional VR tests. The tests based on ranks are exact under the i.i.d. assumption.
Moreover, the tests based on signs are exact under conditional heteroscedasticity (Charles
and Darné¢ 2009). The critical values for R1, R2, S1 and S2 tests can be obtained by

simulating their exact sampling distribution®.

4. Results

In this section, we evaluate the RWH of the individual price series forming the pig gross
margin index and decompose the pig gross margin into different components. We began by
performing a variance decomposition of the pig gross margin. Thereafter the variance ratio

tests are performed.

? The formal definitions of R1, R2, S1 and S2 statistics are not presented in this paper, but can be obtained
from Wright (2000) or from Charles and Darné, (2009).



4.1. Variance decomposition

Table 2 presents the results from a variance decomposition of the pig gross margin for three
time periods. From 2000 to 2014, variability in pig meat prices accounted for 65.2% of the
total variance in the pig gross margin. The barley price variability and piglet price variability
respectively accounted for 17.9% and 14.5% of the total variance. Feed cost variability
accounted for only a minor part of the total variance (2.3%). Indirect effects, covariance
terms in the variance decomposition, describe the natural hedge that is present in the pig
gross margin. For example, the natural hedge between the pig meat price and feed cost
reduced the total variance of the gross margin by 18.6%. Thus, as the feed price increases
(decreases), the pig meat price also tends to increase (decrease). This reduces the variability
in the gross margin. The biggest effect on the gross margin reduction is on the covariance
between the pig meat price and barley price. In the period 2000-2014, co-movement of the
pig meat and barley prices reduced the total variance by 43.6%. In addition, the covariance of
the pig meat price with the piglet price and feed costs were positive, which reduced the total
variance of the gross margin by 29.8% and 18.6%, respectively. Other indirect factors had
only minor effects.

In the period 2000-2006, the pig meat price accounted for the highest variance in the
gross margin (58.9%). In this period, the piglet price was the second biggest factor,
accounting for 39.4% of the total variance, whereas the barley price and feed costs had only
minor effects. The positive covariance between the pig meat price and piglet price reduced
the variance the most, by 90.2%, in the period from 2000 to 2006.

In the period from 2007-2014, the pig meat price had the biggest effect on the
variance of the gross margin (63.7%). In this period, the barley price accounted for as much
as 28.5% of the total variance, whereas the piglet price and feed costs had only a minor effect
of 6.1% and 1.7%, respectively. Thus, the increased variability in the crop price has had a

significant effect on variability in pig sector revenue since 2007.



Table 2.
Results of the variance decomposition.

2000-2014 2000-2006 2007-2014
Direct effects %
Pig meat 65.2 58.9 63.7
Feed cost 23 0.1 1.7
Barley 17.9 1.6 28.5
Piglet 14.5 394 6.1
Indirect effects %
Pig meat/Feed cost -18.6 1.2 -16.7
Pig meat/Barley -43.6 0.1 -49.5
Pig meat/Piglet -29.8 -90.2 -32.1
Feed cost/Barley 10.6 -0.1 10.7
Feed cost/Piglet -1.6 -1.6 2.9
Barley/Piglet 0.7 3.9 10.4

4.2. Variance ratio tests

In this section, we present the results from tests of whether individual price series in the pig
gross margin follow Brownian motion. Four variance ratio tests presented in the methods
section were performed’. The results of Lo and MacKinlay’s and Wright’s variance ratio tests
are presented in Table 3. A test value of 1 indicates that the price series follows Brownian
motion, whereas deviation from 1 indicates fractional Brownian motion. The confidence
limits for test statistics were obtained from a simulation method described by Wright (2000)
for Wright’s rank and sign tests, and bootstrap p-values for different holding periods k for Lo
and MacKinlay’s variance ratio test were used (Kim 2006). In tests for pig meat, feed and
barley prices, monthly observations were considered, while weekly data were used for the
piglet price.

Variance ratio tests for pig meat price are mostly significantly different from 1.
However, in the period 2007-2014, when the k ratio was 24, the Lo and MacKinlay test
statistics were not significantly different from 1. In addition, for the pig meat price, Wright’s
sign test statistic was statistically different from 1 in the period 2000-2006 when the k ratio
was 24. By these resulta, we can conclude that the pig meat price does not follow Brownian
motion and a fractional Brownian model should be considered.

Evidence from variance ratio tests for the feed price suggests that it follows ordinal

Brownian motion. Only Wright’s sign test statistics for k ratios 6, 12 and 24 were statistically

® Results were obtained with R package “vrtest” (Kim, 2004).



different from 1. Most of test statistics were statistically different from 1 for the barley price
in the period 2000-2014. In addition, in the period from 2007-2014, different variance ratio
test statistics were different from 1. However, Wright’s rank test statistics for the period
2000-2006 were not statistically different from 1, suggesting that the barley price followed
ordinal Brownian motion in this period, whereas after 2007 the barley prices followed

fractional Brownian motion.

Table 3.
Results of Lo and MacKinlay’s (M,(k)) and Wright’s (R1, R2 and S1) variance ratio tests for
the periods 2000-2014, 20002006 and 2007-2014.

VR

test k Pig meat Feed price Barley price Piglet price
00- 00- 07- 00- 00- 07-
4 06 14 14 06 14 00-14 00-06 07-14 00-14 00-06 07-14
2 5.00% 3.72% 3.78* ! -0.01l 072 -0.67 3.48*% 229% 322* @ 091 3.77* -0.52
6 i 7.89% 587* 5.69* 126 0.07 1.17 ; 3.71* -0.68 3.74* . 2.59* 6.95* -0.44
Ma(k) 12 856* 6.46* 5.66* 142 -1.10 1.22 : 3.90* -2.11* 3.51* @ 3.44*% 820* -043
24 433* 336* 1.63 -0.06 -139 -057 150 -1.63* 0.87 | 1.71* 4.74* -0.96
2 6.02* 436* 4.01* -039 024 -0.58 6.12% 331* 499* | 324*% 492* (.18
6 :935*% 7.01* 577* 1.61 053 145 557 091 536*  6.12* 8.40* 092
Rl 12 9.95* 7.40*% 6.02* 0.77 -0.56 1.06 @ 4.06* -1.39 4.29* @ 6.55* 9.10* 0.67
24 4.68*% 3.41* 241*  -0.79 -095 -0.85 1.66* -1.27 1.36* @ 3.62* 5.05% -0.39
2 6.04* 433* 381*:-022 042 -042: 6.32* 3.01* S5.15% @ 2.63* 5.03* -0.37
6 9.13* 6.56* 5.75% 1.71 053 149 586* 060 5.41* @ 544* 8.64* 043
R2 12 9.66* 6.86* 597+ 1.10 -0.62 1.22 | 4.64* -143 436* @ 6.09* 9.56* 035
24 477% 3.30% 2.06*  -0.50 -1.07 -0.71 | 1.99* -126 1.38* 3.36* 546*% -0.52
2 0 3.81* 2.09* 3.39*: -082 0.55 -1.54 @ 4.86* 3.18* 3.39* 2.62* 3.18% 0.72
6  5.84* 3.60* 4.50* 4.63* 3.95*% 2.59*  2.87* 120 2.37* ; 428* 528* 0.79
S1 12 6.17* 4.34*% 424* 7.14* 565% 4.13* 138 -0.67 155  4.03* 564* 0.12
24 3.53%  1.67 2.68* 9.62* 7.79* 4.54* 0.03 -1.04 -0.01 1.63  2.75* -0.57

*Significant at the 5% level.

Variance ratio tests for the piglet price show the opposite results compared to barley
prices. In the periods 2000-2014 and 2000-2006, variance ratio test statistics were different
from 1. It appears that the piglet price formation has changed after 2006, as the variance ratio
test statistics were not different from 1, which suggest that the price series follows ordinal

Brownian motion.



4. Discussion and conclusions

In this study, we introduced a pig gross margin for Finnish hog producers and tested the
random walk hypothesis of the individual price series that form the index. The results of the
variance decomposition indicate that the volatility of the pig meat price was the most
significant factor affecting the volatility of the pig gross margin. In addition, the negative
covariance between the pig meat price and costs in the pig gross margin was high. Thus, a
natural hedge, i.e. positive correlation, between the price series reduced the volatility in the
pig gross margin.

Variance ratio tests suggested that three out of the four individual price series did not
follow ordinal Brownian motion in the period 2000-2014. However, for the period 2007—
2014, piglet prices did follow ordinal Brownian motion, whereas for the barley price this was
found in the period 2000-2006. Results indicate that pig meat price serie is persistent and
thus has a long memory. This may cause problems in designing the future IST scheme, by
giving insurer possibilities to make long-term profits by predicting price trends. However,
this is taken into a count in CAP reform by allowing only farmers mutual funds to start the
index insurance markets in EU. Mutual funds working on non-profit basis could recycle these
expected profits to the benefits of farmers and taxpayers.

According to our variance decomposition of the pig gross margin from 2000 to 2014,
the pig meat price had the largest effect on the volatility of the pig gross margin constructed
in this study, and thus the modelling of pig meat prices had the biggest effect on the fair
prices and the risk exposure of the IST.

According to our analysis, the pig meat price has a long memory. Thus, in a situation
where prices are foreseen to decline, insurers, i.e. farmers’ mutual funds, may have little
incentive to underwrite IST contracts. Whether the pig gross margin is used as basis for the
IST in the pig sector or not, pig, piglet and feed costs need to be modelled in premium
calculations for the IST. Our results support the EU approach for the usage of the reference
level for income to be derived from incomes in past years (a three-year average, or five-year
average without the highest and lowest value) to cut the long term trends in the price series.

As variance decomposition proved, there is a natural hedge between the pig meat
price and other prices in the pig gross margin. Thus, declining pig meat prices will most

likely result in declining costs, and vice versa, which reduces the income effect. This result



does not support the EU policy approach to use market sales as a sole indicator for income
drop at the farm.

One of the deficiencies of the IST is moral hazard from the slaughterhouse side. If
farmers are insured from large income drops, slaughterhouses may have an incentive to
reduce producer prices to levels lower than without the IST. Therefore, if our proposed pig
gross margin is approved as a basis for the IST scheme, i.e. CAP legislation allows the use of
indices in the future, future market prices could also be considered as basis for the index.
There have been no studies on the price relationship between animal product spot prices in
Finland and European futures market prices. If the correlation between Finnish and European
markets is high, the effect of moral hazard can be avoided by using well-defined multipliers

that reflect the market price in Finland.
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