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Abstract

This study investigated the impact of the Farm Income Stabilization Insurance (ASRA) on the adoption of
price risk management strategies by lamb producers in the province of Quebec. This study employed a
Generalized Autoregressive Conditional Heteroskedasticity (GARCH) process to model price risks. The
results indicated that the application of the Farm Income Stabilization Insurance in Quebec generates
crowding-out effects on price risk management strategies, which decreases the efficiency of this program.
On the other hand, the product-specific nature of ASRA leads to some challenges such as a modification in
the revenue distribution across the farm, increased production, increased indebtedness of farmers and
increased financial burden on governments’ shoulders. Finally, the results imply asymmetric impacts of
negative and positive shocks generated by ASRA which result in an increasing risk-aversion of producers
over the periods of decreased prices and a decreasing risk aversion over the periods of increased prices.
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1. INTRODUCTION

The state assistance in the Canadian agricultural sector has a long history. The intention of state
assistance programs is to help farmers manage the risks that threaten the agricultural sector and
provide them with a reasonable and stable income. These programs were created upon the belief
that the economic development of agriculture was contingent upon state intervention. This belief
is justified by the low market power of farmers due to the perfect competition structure of
agricultural markets, which in turn results in the declining trend of commodity prices relative to
other prices and costs over time (Skogstad, 2008). Besides, many types of risk, specific to the
agricultural sector (e.g. climate risk and disease breakout), lead to more volatility of farmers’
income compared to that of producers in non- agricultural sectors. These specific characteristics
of the agricultural sector prompted government intervention in this sector. The first state assistance
legislation in the Canadian agricultural sector was the 1958 Agricultural Stabilization Act (ASA),
intended to provide income support to producers in periods of depressed market returns. Western
Grain Stabilization Act (WGSA) of 1976, the National Tripartite Stabilisation Program
(NTSP)(1986), Gross Revenue Insurance Program (GRIP) (1991), Net Income Stabilisation
Account (NISA)(1991), Income Disaster Assistance (AIDA) (1998) Canadian Agricultural
Income Stability (CAIS) (2003) and business risk management programs (2007) are state
assistance programs implemented in the Canadian agricultural sector (Anton et al., 2011). Besides,
some provincial programs have been implemented to provide farmers with additional supports,
with the intention of increasing the competitive advantage of farmers within the province. Among
provincial programs, the Farm Income Stabilization Insurance (Assurance Stabilisation du

Revenue Agricole, ASRA) has been implemented in the province of Quebec since 1975. The
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sectors supported by ASRA, which reached their peak in 2002, comprise fattened calves, steers,
grain-fed calves, piglets, pigs, lambs, oats, wheat, corn, potatoes, milk calves, canola, barley,
soybeans and apples. Under this program, the government compensates producers when the market

price is below the production cost. Consequently, ASRA reduces losses associated with price risks.

This program has been subject to many criticisms. Critics believe that if the farm income risk is
protected by the government, the farmers take more income risk producing more of the crop that tends
to generate higher returns (Kimura and Anton, 2011). In other words, the implementation of risk-
reducing policies decreases the sensitivity of farmers' production decisions to risk factors and
reduces their incentive to employ risk management strategies. As a result, this response of farmers
to risk-reducing policies decreases the efficiency of these policies. Several studies reveal shreds of
evidence of the inefficiency of the ASRA. Mosadegh Sedghy et al. (2018) found that the
implementation of ASRA in the province of Quebec, by affecting the sensitivity of farmers’ production
decisions to price risk, has led the corn production to be insensitive to price risks. Atozou & Lawin
(2016) concluded that the implementation of ASRA in the Quebec pork industry leads producers
to take more risk and increases the production regardless of the market situation. Rude and Surry
(2014) concluded the implementation of ASRA in Quebec leads pork supply to be insensitive to
input price risk. These studies contrast with previous studies concluding the significant and
negative impact of price risk on the production of agricultural products in the absence of such
distorting assistance programs (Holt, 1993; Ryan, 1977; Traill, 1978; Behrmann, 1968; Jordaan et
al., 2007; Rezitis and Stavropoulos, 2008; Rezitis and Stavropoulos, 2010; Rezitis and
Stavropoulos, 2012). The reduced sensitivity of production decisions to price risks following the
implementation of ASRA decreases the efficiency of this program, as farmers replace their price

risk management strategy (reduction of production) by benefiting from ASRA payments. In other



words, ASRA generates crowding-out effects on risk management strategies. In another study,
Gervais and Doyon (2004) concluded that the implementation of ASRA in the Quebec pork industry
generates an incentive for farmers to sell their put options in periods that price expectations are higher
than the target price. Thus, in this situation, the effectiveness of ASRA in reducing the variability of
returns is decreased compared with the situation when producers use hedging instruments exclusively

to manage price risk.

The purpose of this study is to investigate the crowding-out impact of ASRA on price risk
management strategies of lamb producers in Quebec. The price risk is perceived as one of the most
important risks in the agricultural sector due to the high volatility of agricultural input and output
prices (Huchet-Bourdon, 2012; FAO, 2011). The program ASRA by compensating for negative
price shocks is supposed to reduce farmers’ production decision sensitivity to price risk. We expect
that the implementation of ASRA reduces the motivation of producers to adopt price risk hedging
strategies. Besides, we study the implications pf the implementation of ASRA in the Quebec lamb

industry.

Our study focuses on the lamb industry in Quebec. The sheep and lamb industry in Canada is a
small but important industry. In 2018, the lamb industry reached retail sales of US$725.7 million
with volume sales of 23.2 million kilograms within Canada. Lamb represented a sales value market
share of 3.9% of the overall retail Canadian meat (US$18.7 billion) sector (including lamb, beef,
chicken, pork, turkey and other similar meat categories) (AAFC, 2019). The province of Quebec
has a long history in sheep production with the first sheep arriving from France in the mid-1600s.
The Quebec sheep industry has numerous organizations, which has helped in its development and
growth over the last number of years (e.g. Quebec Purebred Association was founded in 1945, the

Quebec sheep Federation was created in 1981 and the sheep research center founded in 1995). The
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lamb sector in Quebec is very well serviced by a large number of packing houses (39 registered
abattoirs). The sheep dairy products industry in Quebec has a presence larger than most in Canada.
There are currently 25 commercial processors permitted to handle sheep milk products in Quebec
(CSF, 2019). Besides, the province of Quebec has a significant share of sheep and lamb production.
In 2016, Quebec’s lamb and sheep production consisted of 22% and 25% of the industry’s total
production and cash receipts respectively (Statistic Canada, tables 32-10-0155-01 and 3210-0045-

01).

In this study, a Generalized Autoregressive Conditional Heteroskedasticity (GARCH) process is
adapted to model price risks. Several empirical studies employed the GARCH model to investigate
the impact of price risk on production decisions in the agricultural sector (Holt, 1993; Jordaan et
al., 2007; Rezitis and Stavropoulos, 2008; Rezitis and Stavropoulos, 2010; Rezitis and

Stavropoulos, 2012 and Mosadegh Sedghy et al., 2018).

Our study contributes to the literature by investigating the crowding-out effects of the ASRA on
price risk management strategies in the Quebec lamb production sector. Consistent with the
dynamics of agricultural prices a GARCH model is adopted to model price risks. In order to model
the crowding-out effect of ASRA on price risk management strategies, price volatilities are

incorporated in the supply function of lamb producers.

The rest of the paper is structured as follows. The second section presents the econometric model
of the lamb supply and describes the data used. The third section explains the empirical results,

and the final section presents the implications and conclusions of the study.

2. METHODOLOGICAL APPROACH AND DATA



In order to investigate the crowding-out effects of ASRA on risk management strategies, first, we
examine the impact of ASRA on the sensitivity of lamb producers’ production decisions to price
risks. Then we analyze how the implementation of ASRA, would affect the employment of price
risk hedging strategy. Following previous studies, we consider a reduction in production as the

farmer’s price risk hedging strategy when envisaging increased price volatility.
2.1.  Supply Function

In this study, we employ the supply function driven by Rude and Surry (2014). The authors assume
that producers have a constant absolute risk aversion and that the price distribution is normal.

Under these conditions the objective function of the producer is:

A
MAX: P¢S —C(S) — 3 s?h® (1)

Where P¢ is the price expectation, A° the price volatility, S the output supply, 4 the absolute risk
aversion parameter and C(S) the cost function. By maximizing the producer’s profit, Rude and
Surry (2014) derived the following supply function:
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Where PO¢, is the expected price of the output, P1¢, the expected price of the input, hg, the output

price volatility, hj, the input price volatility and wo; the error term.

We assume that, in the long run, supply adjusts to its desired level (Nerlove, 1956). Thus, we
incorporate lagged dependent variables (3; S;_;) in the model. Production lags imposed on the
model are determined by the VARSOC method. This method reports the final prediction error
(FPE), Akaike’s information criterion (AIC), Schwarz’s Bayesian information criterion (SBIC),
and the Hannan and Quinn information criterion (HQIC) lag order selection statistics for a series
of vector auto-regressions of order 1 to maximum lag. A sequence of likelihood-ratio test statistics
for all the full variables of the order less than or equal to the highest lag order is also reported. In
the post-estimation version, the maximum lag and estimation options are based on the model just

fit or the model specified in estimates (STATA). However, our tests suggest 3 lags in the model.

To capture the effect of technological progress, a trend variable (T}) is incorporated in the model.
Variables };; M(_; are used to capture the monthly effect of lamb production. Finally, the dummy
variable (G,) is introduced to capture the effect of structural changes. These structural changes
generated by the oil price increase since 2006, leads to a rise in agricultural prices (Baumeister and
Kilian, 2014). The study of Avalos (2014) confirms the changes in dynamic of agricultural prices

since 2006, which is related to oil price variations.

2.2.  Price Expectation
Estimation of the supply function (equation 2) requires variables PO¢, and PI¢, to be generated.
Following Rezitis and Stavropoulos (2010), we assume that prices follow an autoregressive

process (AR):



P, = B(L)P, + w;, 3)

Wit[2¢—4 ~ N(O, hy)

Where (L) is a polynomial lag operator, P; is the current price, wi; is an error term, where i
captures the value of 1 and 2 when modelling output and input prices respectively, (2,.11is the
information set of all past states available in period t-1 and h; is the conditional variance of w.
The general-to-specific method was used to determine the appropriate order of input and output

prices. Consequently, the price equations are:

POet = PLet = bo + blth—l + bZPLt—IZ + b3PLt_14_ + Wlt (4’)

PI¢, = PC%, = by + b PCi_1 + Wy 5)
Where PL¢; and PC*¢, represent lamb price expectation and corn price expectations respectively.
Corn is considered as a major input in lamb production in Quebec, as it is the major source of
energy in Quebec (Rude and Surry, 2014). Furthermore, Corn consists of 15% of the grain used

in feeding lambs (CECPA, 2018).

2.3. Variance modelling

Unlike the other time series models, Generalized Autoregressive Conditional Heteroskedasticity
models (GARCH) allow the conditional variance to vary over time, which is very relevant given
the dynamics of agricultural prices. This characteristic of these models has led us to use GARCH
models to model price volatilities. The results of the Lagrange Multiplier test applied to equations
4 and 5, reveal that the hypothesis of no ARCH effect can be rejected at the 0.10 level of

significance (Tables Al and A.2).



In order to capture the asymmetric effects of shocks generated by the ASRA on price volatilities,
asymmetric GARCH models are used to model output and input price volatilities. These models

allow positive and negative shocks to have different effects on price volatility. In the simple
asymmetric GARCH model, the past values of the error term (%; w,,_;)) are added to the equation

of price variance to allow positive and negative shocks to have different effects on volatility.

The order of the GARCH model is determined by visual examination of the correlogram of squared
residuals of the price equation and the results of the Ljung-Box (1976) Q test (Bollerslev, 1988),
which lead us to the first-order Asymmetric Arch for modelling both lamb and corn price

volatilities. Equations 6 and 7 explain the volatility of lamb and corn price respectively

héor = helt =g+ 0-’1W12(t—1) + ViWie-1) (6)

hé =hé = ap + “1W22(t—1) + ViWa(e-1) @)

Where h€; is the volatility of the lamb price and h® . is the volatility of corn price.

The following restrictions are imposed to ensure that the conditional variance is strictly positive:
ay,>0and a; >0

The stationarity of variance is guaranteed by Y; a; = a; < 1 (Bollerslev, 1986).

2.4. Estimation Approach

VariablesP0¢,, PI¢,, h€®,; and h®, generated by the GARCH model can be used to estimate the
equation 2. Pagan (1984) concluded that using variables generated by stochastic models to estimate

a structural equation could produce biased estimates of standard deviations of parameters. One of



the methods used to avoid this problem is the Full Information Maximum Likelihood (FIML)
method. This method estimates the supply function, the price equation and the GARCH process
parameters simultaneously. Considering the system of equations (8) the joint distribution of

Wor , Wi and w,,is written as follows:

12
St = Yo + ViPL% + v, PCC + y3h® ) + vah®o + VSZSt—i ++ Vaiz Me_j + wy,
- .

j=1
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Where |01 hie  012| = []i represents the variance-covariance matrix
0oz 012 het

The log-likelihood function of the above system is given as follows:

T
1(0) = 0.5 Z 1,(6) (10)
t=1

lt(@)z—log”_[ t —E’ﬂ e (b

2.5. Relative marginal risk premium index (RRP)
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For the purpose of analyzing the risk-averse behaviour of lamb producers in Quebec, we estimate
the Relative marginal Risk Premium (RRP) index. This index is determined by the negative of the

ratio of the variance and the price elasticity of supply (Holt and Moschini, 1992).

Ys hi
RRP, = - .Pt—j (12)

The positive value of this index implies the risk aversion behaviour of lamb producers rather than
risk neutrality behaviour (Rezitis and Stavropoulos, 2010). The greater the value of RRP is, the

greater the producer responds to price volatility rather than to price expectations.

2.6. Data

Our analyses cover the period of 2000 to 2014, and the supply model is based on monthly data.
Data on the number of slaughtered lambs (output supply) were provided by Agriculture and Agri-

Food Canada.*

Lamb prices (expressed in dollars per hundred kilograms) are monthly average prices for 100
animals. These data are obtained from Agriculture and Agri-Food Canada.’ The effective prices

are built by adding compensation from the Farm Income Stabilization Insurance Program (ASRA)

4 https://aimis-simia.agr.gc.ca/rp/index-eng.cfm?action=sR

S http://www.agr.gc.ca/redmeat/sla-aba_fra.htm
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to market prices. Compensation values are gathered from the “La Financiére agricole” (provincial

government agency) website.

Corn is used as an input of lamb production. Corn prices are obtained from Statistics Canada.’
Following Rezitis and Stavropoulos (2010), all prices are deflated by the consumer price index

(2002 = 100).

Table (1) presents some statistics on the data used in the analyses.

<<< Tablel about here >>>

3. RESULTS

Table 2 provides the results of the unit root tests, namely the Augmented Dickey-Fuller (ADF)

and Philips-Perron (PP) tests.

<<< Table2 about here >>>

Table 2 indicates that all the variables are stationary.

3.1.  Price Analysis

The estimation results of lamb price equations are presented in table 3.

<<< Table 3 about here >>>

® http://www.fadq.qc.ca/fi/statistiques/assurance-stabilisation/historique-par-produit-dassurance/

" Table 002-0043
12



The results indicate that the coefficients of lagged values of the price (b1, b2 and bs) of output are

significant at the 5 % level.

The coefficient of the conditional variance of lamb price expressed by «; is significant and values
less than unity, which indicates time-varying and persistent volatility. The coefficient of
asymmetry factor expressed by y; is significant, which confirms the presence of asymmetric
effects of shocks on lamb price volatility. The positive sign of y; indicates that a positive shock in
price causes more volatility than negative shocks of the same magnitude, which implies a strong
position of lamb producers in Quebec resulted from the implementation of ASRA. Since ASRA
compensates for negative price shocks, producers are able to benefit from the unexpected positive
shocks of demand, and they need not decrease their prices in case of negative demand shocks

(Rezitis and Stavropoulos, 2010).

Finally, the Ljung-Box Q statistic test was applied to the residuals (w; ;) and the squared residuals
(W) of the lamb price equation to analyze the performance of the model. The results of this test

on w,, and w, support the non-rejection of the hypothesis that the residuals and squared residuals

of the lamb price equation are white noise.

Table 4 presents the estimated parameters of the corn price

<<< Table 4 about here >>>

According to the results, the coefficient of the lagged value of the price (b;') is significant at the
1% level. The coefficient of the conditional variance expressed by a; is significant, which

indicates time-varying volatility. Furthermore, a;values less than unity, implying persistent
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volatility. The coefficient of the asymmetry factor of shocks (y;) is significant at 1%, which

confirms the presence of an asymmetric effect of shocks on volatility.

Finally, the Ljung-Box Q statistic test was applied to the residuals (w,,) and the squared residuals
(w?,,) of corn price equations to analyze the performance of the model. The results of this test on
w,, and w?,, support the non-rejection of the hypothesis that the residuals of the input price
equations are white noise, while the autocorrelation between squared residuals of the model is one
of the implications of the GARCH effect in prices (Bollerslev 1987). The application of an
appropriate order of GARCH removes the correlation of squared residuals (Giannopoulos, (1995)).
The Ljung-Box test applied to residuals and squared residuals of the SAARCH model indicates

the absence of autocorrelation between the residuals and squared residuals.

3.2.  Supply Response

3.2.1. Results

A Maximum Likelihood method was used to estimate the structural model equations. The
application of Harvey and Guilkey's test confirms the good performance of the model (Table A3).
Besides, the application of the Ljung-Box Q statistic test, affirms that there is no autocorrelation

between residuals and squared residuals in the model (Table 5).

Table 5 presents the results of the estimation of the structural model.

<<< Table 5 about here >>>

The coefficient of the expected price of lamb (y;) has a positive sign, as predicted. However, the
coefficient of the expected price of corn (y,) is negative, implying a decrease in the lamb supply

following an increase in the input price, which is also predicted. The negative sign of the
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coefficient of output and input price volatility (y3 and y, respectively ) implies that supply
responds negatively to an increase in volatility. These results are consistent with prior studies (e.g.
Holt and Aradhyula, 1990; Holt, 1993; Rezitis and Stavropoulos, 2008; Rezitis and Stavropoulos,

2010 and Rude and Surry, 2014).

The coefficients ys;- 53 capture the effects of supply adjustment in lamb supply. The variables

Y71 — V712 are used to capture the monthly effects of supply.

The results illustrate the significant effect of the output price expectations and output price
volatility on lamb supply. However, the results demonstrate the significant impact of input price
expectation whereas the non-significant effect of input price volatility on the lamb supply. These
results are consistent with the studies of Mosadegh Sedghy et al. (2018) and Rude and Surry (2014)
conducted in the corn and pork markets of Quebec respectively. These authors found that the corn

and pork supply, which are covered under ASRA, are insensitive to input price volatility

3.2.2. Discussion

The insensitivity of the supply of products covered under ASRA to input prices is not surprising
since ASRA compensates producers for unpredictable increases in production costs. On the other
hand, the insensitivity of supply to input price risk resulted from the application of ASRA, implies
that farmers do not perceive the input price risk. As a result, they do not take the hedging strategy
of supply reduction against increased input price risk. Consequently, the implementation of ASRA
leads to increased production regardless of market conditions (Atozou & Lawin, 2016), which

would impose a burden on the government to cover an increased amount of supply under ASRA.
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The programs such as ASRA that are linked to the production of specific commodities or livestock,
affect the production decisions of farmers by motivating actual producers to increase their
production and potential producers to join the industry. These programs significantly modify the
distribution of revenue and income of the farm and therefore modify the whole production and risk

management strategy of the farmer (OECD 2009).

Moreover, an increase in production requires an increase in investment in farm operations, which
in turn increases the indebtedness of producers. As evidence, an increase of 13% (from 28.4% in
2004 to 32.2%) in the debt ratio of agricultural enterprises in Quebec has been observed in 2005,

whereas this ratio stood at 20.4% in Ontario and 11.4 % in the US (Pronovost, 2008).

It seems that the efficiency of ASRA in increasing the welfare of farmers is reduced by generating
the crowding-out effect. Following the implementation of ASRA, farmers stop adopting their own
price risk hedging strategy (reduction in production) taking ASRA as a substitute for risk
management strategy. Furthermore, since ASRA is linked to the production of some specific
commodities and livestock, it modifies production decisions so that the efficiency of these

decisions is not guaranteed. The later could be solved by replacing ASRA by decoupled payments.

3.3.  Supply elasticities

3.3.1. Results

The introduction of the lagged value of output in the model (see equation 2) allows us to calculate

both the long-term and short-term supply elasticities.

The estimations reveal the lamb supply elasticity relative to expectations of the lamb price at 0.18

in the short term and 0.26 in the long term, and relative to lamb price volatility at 0.17 in the short

16



term and 0.24 in the long term. Lamb supply elasticity relative to input price expectations was

estimated at 0.1 in the short term and 0.15 in the long term.

3.3.2. Discussion

Estimations of lamb supply elasticity relative to expectations of the lamb price (0.18 in the short
term and 0.26 in the long term) and relative to lamb price volatility (0.17 in the short term and 0.24
in the long term) confirm the Le Chatelier principle (Samuelson, 1947). The Le Chatelier principle
implies that long-term elasticities of supply and demand are more important than short-term
elasticities. These estimations imply more sensitivity of lamb supply to lamb prices than to lamb
price volatility since the ASRA by compensating farmers for price shocks decreases the sensitivity
of supply to price risks. Moreover, the results of our estimation of the lamb supply elasticity
relative to the output price in the short-term (0.18) are consistent with that estimated by Rude and
Surry (2014) for pork supply in Quebec (0.2), implying similar sensitivity of lamb and pork supply

to output price expectations.

However, the sensitivity of the lamb supply to output price expectations and volatility is decreasing
over time (Figure 1). This result accompanied by the increasing trend of production (Figure 2)
confirms the results of Atozou & Lawin's (2016) study, which implies that ASRA is driving the

sustained increase in production regardless of market conditions.

Estimation of supply elasticity relative to input price expectations (0.1 in the short term and 0.15
in the long term) demonstrates more sensitivity of supply to output prices than to input prices.
Several reasons may explain this result. First, the gap between the production decision and the
purchase of inputs is shorter than that between production decisions and marketing (Nijs, 2014).

Second, input prices are positively correlated to the price of outputs, as an increase in input prices

17



thus will be reflected in output prices. Further, the input price as a component of production cost
is compensated by ASRA, which makes supply less sensitive to input price expectations than to

output price expectations.

On the other hand, a comparison between price elasticity of lamb supply, pork supply (estimated
by Rude and Surry (2014)) and that of corn supply (0.5) estimated by Mosadegh Sedghy et al.
(2018) for the same period indicates that corn supply is more sensitive to price expectation than
lamb and pork. It can be explained by the storability of grains as available stocks make the supply

more elastic (FAO).
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Figure 1: Lamb supply elasticity relative to lamb price
expectations and lamb price volatility (2001-2013)
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3.4. Relative Marginal Risk Premium Index

Finally, we analyzed the risk-averse behaviour of lamb producers in Quebec by estimating the
Relative marginal Risk Premium (RRP). This index can be defined as the relative sensitivity of
supply to lamb price volatility and lamb price expectations. In other words, the greater the value

of RRP is, the greater the producer responds to price volatility rather than to price expectations.

The estimation of this index at each point in time demonstrates the risk-averse behaviour of lamb
producers versus price volatility, as they respond to lamb price volatility by reducing their
production. The estimated index ranges from 0.27 to 1.36 with an average of 0.95 in the
investigated period. However, the increasing trend of this index (Figure 3) implies the increasing
perception of producers of the importance of lamb price volatility relative to lamb price

expectations over time.

This result is justified by the decreasing trend of lamb price expectations and volatility (Figure 4)8.
Implementation of ASRA leads positive and negative shocks to have different impacts on supply.
Since ASRA compensates for negative price shocks, in periods of decreasing prices producers do
not reduce their production as much as they increase it in periods of increasing prices. In the same
way, in the periods of increasing prices and volatility, producers do not decrease the production as
much as they increase it in the periods of decreasing volatility. As a result, when prices and
volatility both have a decreasing trend, the sensitivity of supply to volatility is more than that to

prices.

8 For the purpose of increasing the quality of the figure, all prices are divided by 10. Since the intention is to show the
trend, this division does not affect the conclusion.
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CONCLUSION

This study investigates the efficiency and implications of the Farm Income Stabilization (ASRA)
program in managing the lamb price risk in Quebec. For these purposes, we estimate the supply
function of lamb by incorporating the price risk factor in it. Asymmetric GARCH models are used

to model input and output price risks.

The results reveal that the efficiency of ASRA is reduced by generating a crowding-out effect on
risk management strategies. As ASRA compensates farmers for production costs, it leads lamb
producers’ production decisions to be insensitive to input price risk. This insensitivity of supply to
input price risk implies that farmers stop hedging input price risk while substituting ASRA for
their risk management strategy. Based on the results of the study, this crowding-out effect
increases over time so that the sensitivity of lamb supply to both lamb price expectations and lamb

price volatility decreases over the period of the study.

Furthermore, since ASRA is specific to some commodities and livestock, it provides farmers with
an incentive to increase the production of products covered under ASRA. Consequently, ASRA
modifies the distribution of revenue across the farm and leads to increased production regardless
of market conditions. The impact of increased production following the implementation of ASRA
is twofold: first, it imposes an extra burden on governments' shoulders to cover higher amounts of
the commodity or livestock and second, it leads to an increase in indebtedness of farmers since an

increase in production requires increased investment.

On the other hand, the implementation of ASRA generates asymmetric effects of price shocks on
lamb supply. As ASRA compensates negative price shocks, producers respond to price increases

more than price decreases. This result has different implications in the periods of decreased and
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increased prices. In the periods where price expectations and price volatilities both are decreasing,
supply is more sensitive to price volatility than to price expectations. In this situation, decreased
price volatility provides the producer with an incentive to increase production. However, ASRA
payments leave fewer incentives for producers to respond to decreased prices as much as they
respond to decreased price volatility. An inverse is observed in the periods of increased price
expectations and volatility where supply is more elastic to price expectations than to price

volatility.
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LIST OF TABLES

TABLE 1. Data statistics

Variable Unit Minimum Maximum Mean Standard
deviation
PC
Dollars per tonne 1.7 0.99 3.03 0.41
(Corn price)
SL Number of
4466 21258 12161 3000
(Lamb supply) slaughtered lambs
PL Dollars per hundred
104 301 164 34
(Lamb price) quintal
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TABLE 2. Unit root test

The model with intercept and The model with intercept and

without trend trend
Augmented Philips- Augmented Philips-
Dickey-Fuller Perron Dickey-Fuller Perron
(ADF) (PP) (ADF) (PP)
PC -4.036? -3.715% -3.9922 -3.680°
SL -3.6° -11.25° -3.95° -12.24*
PL -2.3¢ -5.05° -3.2¢ -6.39*

*a significant at 0.01 * b significant at 0.05 * ¢ significant at 0.10
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TABLE 3. Results of the lamb price equation

Parameter Variable Coefficient
Conditional mean
bo 1 0.41(0.02)
by First price lag 0.77(0.00)
b> Twelfth price lag 0.22(0.00)
b3 Fourteenth price lag -0.17(0.02)
Conditional Variance
0o 1 0.034(0.00)
al w21 0.000(0.00)
Y1 W2(t-1) 0.038(0.01)
Test of price equation’s residual generated by the autoregressive (AR) model (wi¢)
Q(6) 3.4 (0.75)
Q(12) 7.09 (0.85)
Q(18) 12.6 (0.81)
Q(24) 26.97 (0.31)
QX(6) 5.12 (0.53)
Q*(12) 6.04 (0.91)
Q*(18) 8.38 (0.97)
Q*(24) 9.18 (0.99)
Test of price equation’s residual generated by the GARCH model
Q(6) 3.56 (0.74)
Q(12) 6.56 (0.88)
Q(18) 11.59 (0.87)
Q(24) 25.02 (0.40)
Q%(6) 9.01 (0.17)
Q*(12) 10.2 (0.60)
Q*(18) 12.75 (0.81)
Q*(24) 13.83 (0.95)

Figures in brackets are p-values
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TABLE 4. Results of the corn price equation

Parameter Variable Coefficient
Conditional mean
by 1 0.43(0.00)
b First price lag 0.85(0.00)
Conditional Variance
0o 1 0.02(0.00)
ol W2(t-1) 0.30(0.00)
Y1 W2(t-1) 0.12(0.00)
Test of price equation’s residual generated by the autoregressive (AR) model (wa)
Q(6) 5.57 (0.47)
Q(12) 15.86 (0.20)
Q(18) 20.14 (0.32)
Q(24) 31.13 (0.15)
QX(6) 8.94 (0.18)
Q*(12) 30.64 (0.002)
Q*(18) 37.90 (0.004)
Q*(24) 48.82 (0.002)
Test of price equation’s residual generated by the GARCH model
Q(6) 6.00 (0.42)
Q(12) 12.17 (0.43)
Q(18) 15.20 (0.65)
Q(24) 28.65 (0.23)
Q%(6) 3.24 (0.77)
Q*(12) 21.20 (0.26)
Q*(18) 13.92 (0.73)
Q*(24) 31.42 (0.14)

Figures in brackets are p-values
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TABLE 5. Results of supply response

Parameter | Variable Coefficient
Yo 1 11388.24 (0.000)
Output
V1 price 838.48 (0.006)
expectation
Input price i
V2 expectation 1656.10 (0.034)
Output
Y3 price -48824.49 (0.087)
volatility
Input price
Ys1 St1 -0.73 (0. 36)
Vs2 Si2 -0.38 (0.63)
Vs3 St3 0. 27 (0.000)
Ye Tt 5.51(0.457)
Y71 M -2492.6(0.080)
Y72 Mz -3800.42 (0.015)
Y73 M; 297.25 (0.849)
V74 M4 2671.66 (0.083)
Y75 M; -1201.21(0.447)
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V76 Ms -1830.08 (0.248)
V77 M7 -2757.20 0.073)
Vs M -887.90 (0.56)
Y79 My -710.34 (0.640)
Y710 Mg [1167.84 (0.441)
Y711 M -1726.87 (0.260)
V712 Miz 834.60 (0.562)
Vs G 1477.16 (0.020)
A6) 3.50 (0.74)
Q12) 13.06 (0.36)
A1) 19.37 (0.37)
Q4 28.38 (0.24)
Q*(®) 4.56 (0.60)
Q* (12) 10.04 (0.61)
Q*(18) 10.44 (0.92)
Q* (24 17.82 (0.81)
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Appendix

Table Al. Lagrange Multiplier Test (ARCHLM) for lamb prices

Chi2 Degrees of freedom Prob>chi2
3.493 1 0.06
Null hypothesis: No ARCH effect Alternative hypothesis: ARCH(p) disturbance

Table A2. Lagrange Multiplier Test (ARCHLM) for corn prices

Chi2 Degrees of freedom Prob>chi2
40.59 1 0.000
Null hypothesis: No ARCH effect Alternative hypothesis: ARCH(p) disturbance
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Table A3. Harvey and Guilkey autocorrelation test applied to lamb supply

Single Equation Autocorrelation Tests

Harvey LM Pvalue>chi
Rho
test 2
Supply equation 0.168 0.001 0.68
Corn price equation 0.039 0.0002 0.84
General SEM autocorrelation test

Harvey 0.20 0.9
Guilkey 2.5 0.62

Rho: Correlation coefficient

Null hypothesis: No Autocorrelation
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