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The Effects of Stocks and Price Floorson Price Dynamics and Volatility:

An Application to the U.S. Nonfat Dry Milk Market

1. Introduction

The importance of government intervention in agricultural markets is well documented
(e.g., Gardner). It has involved many policy instruments, including import quotas and price
floors. Price floors (price support programs) have been a key feature of U.S. agricultura policies
since the 1930’s. They have been implemented as a means of stabilizing and increasing farm
prices, and raising farm income (e.g., Shonkwiler and Maddala; Holt; Holt and Johnson). Price
support programs involve government purchase of storable products. In particular, in the U.S.
dairy sector, support prices are set for butter, nonfat dry milk and American cheese. If the market
price falls below the support price, then the government purchases dairy products, thus increasing
public stocks. Until the 1990s, U.S. government price support programs were active for major
field crops and the dairy sector. The 1990’ s have seen a shift in U.S. agricultura policy toward
market liberalization, which has lowered agricultural price support levels for many commodities.
The influence of this policy shift on the functioning of agricultural markets remains poorly
understood. Lowering a support price means reducing the role of government in stock holding
and thus increasing the importance of private stocks. Previous research has documented the
effects of storage on prices and price volatility (e.g., Williams and Wright; Deaton and Laroque,
1992, 1996; Shively). However, the impacts of the changing role of private versus public stock
holding need to be better understood. Also, the effects of changes in government price support
policy on price dynamics and price volatility are of interest considering recent policy shift in
agricultural price support programs. Given the empirical evidence that most farmers are risk

averse (e.g., Lin et a.; Binswanger; Antle, 1987; Saha et al.), understanding the effects of policy



change on price uncertainty should provide useful information on the impact of market
liberalization.

The objective of this paper isto develop amode of price dynamics under market
liberalization, with afocus on the effects of stocks on mean and variance of prices.
Methodologically, our paper innovates in several ways. First, we provide arefined reduced-from
investigation of price dynamics in the presence of a price support program. As analyzed by
Shonkwiler and Maddala, Holt and Johnson, and others, price support programs tend to increase
expected price by censoring the price distribution at the price support level. This generates
endogenous switching between a “market regime” (when the market price is higher than the
support price) and a “government regime”’ (when government purchases take place to prevert the
price from falling below the support price). Second, by introducing time- varying volatility in the
model, we analyze the changing price volatility and its interaction with the price support
program. Third, we investigate the effects of private and public stocks on price volatility.
Building on previous work (e.g., Shively), we investigate the role of stocks in reducing price
variability, with afocus on possible differences between private and public stocks.

The analysis is applied to the U.S. nonfat dry milk market. This is motivated in large part
by the extensive government intervention in this market. Asillustrated in Figure 1, the nonfat dry
milk price was at the support price level most of the time in the 1970's and 1980’s. However, in
the 1990's, the nonfat dry milk market has been somewhat liberalized, with the market price often
being higher than the support price (see Figure 1). These changes in government intervention in
the U.S. nonfat dry milk market enable us to examine the impact of market liberalization on price
dynamics and price volatility in the presence of private stock as well as public stock. Some of the

important empirical questions to be addressed in this paper are: how do agricultural policy



changes affect price dynamics and price volatility?; and how are those effects associated with
changes in private versus public stock holding?

The paper is organized as follows. Section 2 devel ops a dynamic reduced- form model of
price determination under a price support program. This involves specifying a dynamic Tobit
model of pricesthat are censored at the price support level under time-varying volatility. In
section 3, the model is applied to the U.S. nonfat dry milk market using monthly price and stock
data for the period 1970-2000. The econometric results are presented in section 4. They show
how the price support program and stock holding affect both expected prices and the volatility of
prices. Implications of the empirical results are discussed in section 5. The mean increasing and
stabilizing effects of the price support program are documented both in the short run and the long
run. We find evidence that stock holding significantly reduces price volatility. The results show
how public stock accumulation can contribute to stabilize the market. It is aso found that the long
term censoring effects of the nonfat dry milk price support program can be significant and large

even if the price support is set relatively low.

2. TheModel

This section investigates the process of market price determination in the presence of a
government price support program. Building on the theory of competitive prices in the presence
of stocks, (e.g., Williams and Wright; Deaton and Laroque, 1992, 1996), we first discuss the
determinants of price and price volatility. In the absence of stocks, prices can fluctuate over time
in response to changes in supply and demand shifters (e.g., weather, consumer income, etc.). If
such changes are unanticipated, they contribute to market instability and price uncertainty.
However, in the presence of stocks, there is an incentive to reduce inventory when prices are

high, and to increase inventory when prices are low. For example, arisk neutral storage firm



would choose inventory such that the discounted expected price next period is equa to the current
price plus storage cost (e.g., Williams and Wright; Deaton and Laroque, 1992, 1996). As aresult,
one expects storage incentives to affect price dynamics and to reduce price volatility aslong as
stocks are positive. Then, the market price is determined by the interactions between supply,
demand and storage behavior.

Let i be the market price for acommodity at time t in the absence of government
intervention. Denote by S(y", ¥ and M(y , ¥ the supply and demand function, respectively, for
that commodity at time't, where §S/fy; > 0and fM/fy;” < 0. Then, the market equilibrium price
yi satisfiesS(y , ¥ = M(y , ¥. Solving this market equilibrium condition for y" givesthe
reduced form equation

ye =f(Xi,b)+e,
where X; is avector of explanatory variables including past prices and previous inventory, b isa
(k" 1) vector of parameters to be estimated, and & is an error term distributed as N(O, s {?).

Next, we introduce a government price support program in this market. Let y denote the
observed market price at time t. The price support program involves a floor price g reflecting
government policy at timet. When y > s, the price support is inactive. However, if the market
price were to fal below s, then a government agency intervenes in the market and buys (and
usually stores) the commodity at a price s. This effectively creates a perfectly elastic demand at
price s, thus preventing any decrease in the market price below s. The observed market price y is
then determined according to the reduced form model:*

yi = max{y; , s}, (14)

v =f(X,b) +a. (1b)



Equations (1a)-(1b) constitute a Tobit or censored regression model (Tobin; Amemiya), where
the dependent variable y iscensored a s at timet. Let Dy = 1if y >, and D; = 0 otherwise.
From (1a), the latent variable " is observed only if D, = 1. This corresponds to the “ market
regime’ where the latent price is the market price (y = y; ) and the government price support
program is inactive. Alternatively, y is censored and unobserved if D; = 0. This corresponds to
the “government regime” where the price support program determines the market price (with y =
s). Equation (1a)-(1b) thus provide a generic model of price determination in the presence of a
price support program, allowing for endogenous regime switching between the “market regime”
and the “government regime.”

Formally, we introduce dynamic components in the model. Let X; = (Yt-1, %), where Yi.1
= V-1, Ye2, ---» Ye-m) iS@vector of m lagged market prices, and % denotes other explanatory
variables (including previous stocks).? This gives a convenient and flexible representation of
dynamics in the presence of censoring (e.g., Pesaran and Samiei, 1992a, 1992b). In addition, to
examine possible changes in price volatility, we allow for a time-varying standard deviation s;.
This establishes a heteroscedastistic Tobit model. Finaly, if the price level includes a risk
premium, we can capture it by including in % the time-varying standard deviation s; (e.g., asin
the ARCH-M modé introduced by Engle et a.).

The implications of the censored model (1a)-(1b) for the distribution of prices are of
interest. In particular, the expected value of y is (Maddala):

E(w) = Prob(D; = 1) q{f(Xt, b) + E(e| & > 5 - f(Xt, b))] + Prob(D; = 0) xs,

=[1- F(h)] xf(Xi, b) + s¢ 4 () + F (R) >, (28)
wheref (¥ and F (3 are the density and distribution function for the standard normal random

variable. The variance of vy is (see the proof in the Appendix)



V() =sq1-F(h)+hf (h) + h*F (h) - [hoF () +f ()7, (20)
where h = [s; - f(X;, b)]/s and the probability that the censored variable " is unobserved is
denoted by Prob(D; = 0) = Prob[e < s - f(Xt, b)] = F (h). Expression (2a) says that expected price
E(y) isaweighted average of the support price s and of the expected market price conditional on
D; = 1 and the weights involve the probability of censoring, F (h), e.g., the probability of facing
the government regime at time t. Equation (2b) indicates that the relative variance [V (yt)/ s+?]
equals[1-F (h) + h xf (h) + h? xF (h) - [ xF (h) + f (h)]%]. This measures the impact of
censoring from the price support program on price volatility. For example, in the absence of
censoring, the relative variance would equal 1. Alternatively, under censoring (i.e., under the
government regime), the relative variance [V (y)/ s+?] is reduced, indicating how a price support
program would decrease price volatil ity.

Finally, with Yi.1 involving lagged actua prices (Yi1 = (Vt-1, V&2, .-, Ytm)) @nd the error
terms g being independently distributed, the likelihood function of sample information can be
evaluated using single integrals (Maddala, chapter 6). This means that model (1a)-(1b) can be
estimated by standard maximum likelihood estimation. This will alow us to consider more
complex dynamics involving a larger number of lags m (compared to aternative specifications

involving lagged latent prices).

3. An Application to the U.S. Nonfat Dry Milk Market.
In this section, we apply our analysis to the dynamics of U.S. nonfat dry milk prices. We
investigate the determinants of nonfat dry milk price and its volatility, with a special focus on the
role of the government price support program and the effects of private and public stocks. Thisis

done in the context of a heteroscedastistic Tobit model that allows for endogenous regime



switching and time varying volatility, where commercial and government stocks affect both the
mean and the variance of prices.

The empirical analysis is based on monthly data for the period January 1970-July 2000.
Monthly nonfat dry milk stock data were obtained from National Agricultural Statistics Service
and Agricultural Stabilization and Conservation Service, USDA. This stock seriesis measured in
thousand Ibs at the beginning of every month. Monthly nonfat dry milk prices (measured in
cents/Ib.) are obtained from the U.S. Department of Agriculture (USDA).® Actua nonfat dry milk
price and the corresponding support price are shown in Figure 1. Two extreme periods of
government involvement can be identified: the early 1980’ s when the market price was always at
the support price; and the mid 1990’ s when the market price was aways above the support price.
In the former period, Congress set the support price at a high and constant level, implying the
consistent presence of the “government regime.” In the latter period, the support price was
typically lower than the market price, implying the consistent presence of the “market regime.”
Other periods exhibited some changes between the market regime (when the price support is
inactive) and the government regime (when the price support is active).*

Our empirical investigation utilizes the Tobit specification summarized in (1a) and (1b),
where f(¥ =bo + é ;‘:lbj Y.+ X b +a,andst=exp[gp + z d|. The error term & is assumed to

be distributed N(O, s%) and serially uncorrelated. The parameters by, b;, b, g and gareto be
estimated. Finally, z is avector of explanatory variables affecting s. Note that in the case
where gt 0, this allows for heteroscedasticity, where z affect the volatility of prices.

The following estimation strategy was used in our analysis. First, in order to investigate
the effects of stocks on the conditional mean and variance of nonfat dry milk price, we introduce

lagged nonfat dry milk stocks in x and z. We alow the stock effects to differ between private



stocks and public stocks. As shown in Figure 2, private and public stocks exhibit different
patterns over the sample period. As expected, government stocks are high (low) when the price
support and government purchases are active (inactive) in the market. We include separately
lagged commercial stocks (CS:.1) and lagged government stocks (GS;.1) in % and z. Thiswill
provide a framework to investigate formally possible differences between private and public
stock effects on price levels and price volatility (see below). From the economic literature on
storage (e.g., Williams and Wright; Deaton and Laroque 1992; 1996), we expect that higher
(lower) stocks at time t-1 would tend to reduce (increase) the market price at timet. Also, larger
(smaller) stocks are expected to generate lower (higher) price volatility.

Second, we include in x atimetrend TT and quarterly dummy variables (Q; equals 1 for
the i-th quarter, zero otherwise). The time trend accounts for the effects of long-term trends. The
quarterly dummy variables Q; incorporate seasonality effects in the nonfat dry milk market. Third,
in the case where the standard deviation of the error term (s¢) is time varying, we introduce s in
X; to reflect the situation where arisk premium (captured by the standard deviation of the error
term) possibly affects the expected value of nonfat dry milk prices (asin ARCH-M models; see
Engleet al.).

Next, we explore the issue of possible heteroscedasticity in the form of atime varying s;.
This would contribute to changing price volatility unrelated to the price support program. Given
st =exp[g + z g], we consider introducing in z atime trend for the 1990’'s (T90), as well as
lagged nonfat dry milk stock variables.® A time trend for the 1990's (T90 equals 1 for 1990, ... ,
11 for 2000, and zero otherwise) is included to capture possible changes in market instability
during the 1990's. Again, both lagged commercia stocks (CS;.1) and lagged government stocks

(GS:-1) areincluded to investigate the possible different effects of stocks (commercia stock



versus government stock) on price volatility. As such, our Tobit model specification examines the
effects of private and public stocks on both mean price and price volatility in the U.S. nonfat dry
market.

This generates the following model of nonfat dry milk price at time t:

yi = max{y , s}, (38)

Vi =bo+br TT+bg Q1 +bge Q +bos Qs + O, by Yek

+bcsCS.1 HhesGSi1 +bs st + 8, (3b)

St =exp[go + G T + @ CS1 + G5 GSa), (3¢)
where y" isthe latent nonfat dry milk price at timet, & is an error term distributed N(O, s¢?). In
the absence of censoring (whereyt” = y;), equation (3b) would reduce to a standard autoregressive
model of order m, AR(m), with the timetrend TT, seasona dummies (Q1, Q2, Q3), lagged
commercial and public stocks (CS1 and GSt.1) , and st as intercept shifters. The reduced form
(3a)-(3c) represents the determination of nonfat dry milk price in the presence of censoring and
conditional heteroscedasticity. This provides the econometric specification used below in the
empirical investigation of the impact of price support program and stocks on price dynamics and

price volatility in the U.S. nonfat dry milk market.

4. Econometric Results
Following the discussion in sections 2 and 3, we apply modd (3a)-(3c) to the U.S. nonfat
dry milk market (monthly data for the period 1970-2000) and estimate the determinants of nonfat
dry milk price and price volatility using maximum likelihood methods. Assuming a correct
specification, the maximum likelihood estimation method produces consistent and asymptotically

efficient parameter estimates. The order of the AR process (m) in (3b) was determined using the



Schwarz criterion (Judge et a. p. 426). This involves choosing m so as to maximize
[In(maximum likelihood) - K XIn(T)/2], where K is the number of parameters and T is the number
of observations. The Schwarz criterion selected m = 12 months. Thus, the analysis below is
based on the dynamic Tobit specification (3a)-(3c) withm = 12.

First, we explored whether the stock effects in (3a)-(3c) were the same between private
stocks and public stocks. Formally, this was done testing the null hypothesis: bcs=bgsand g =
g in (33)-(3c). Using alikelihood ratio test, the corresponding test statistic was 121.07. Under
the null hypothesis, the statistics has an asymptotic chi-square distribution with 2 degrees of
freedom. Using a 5 percent significance level, the critical value of the test is5.99. Therefore, we
strongly reject the null hypothesis and concluded thet private and public stocks have different
effects. As aresult, the analysis presented below allows bsto differ from bgs, and @ to differ
from gs.

Next, we investigated whether it is appropriate to introduce heteroscedasticity in the
model. This was done by testing the null hypothesisthat oo = g = g = 0in (3c), under the
maintained hypothesis that bs = 0 in (3b). Using a likelihood ratio test, the test statistic for this
hypothesis was 197.52. Under the null hypothesis of homoscedasticity, the statistics has an
asymptotic chi-square distribution with 3 degrees of freedom. Using a 5 percent significance
level, the critical value of the test is 7.82. Thus, we strongly regject the null hypothesis of
homoscedasticity for nonfat dry milk prices. In other words, we find strong empirical evidence of
time varying volatility in nonfat dry prices during the sample period. Note that this changing
volatility is unrelated to the effects of the price support program since the censoring effects of the

program are already captured in the Tobit specification.
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Table 1 reports the parameter estimates of the heteroscedastic dynamic Tobit model (3a)-
(3c). First, most of the lagged price effects are statistically significant. This reflects evidence of
significant price dynamics in U.S. non-fat dry milk market. Note that b;.1, the coefficient of .1,
equals 1.505, suggesting an initial overreaction to a recent price change. However, in the absence
of censoring,® the roots of the estimated AR(12) are all in the unit circle,” suggesting that the
model is stationary. Both lagged private stocks and lagged public stocks have negative impacts on
latent price as expected. Interestingly, the effect of public stock is statistically significant while
the effect of private stock is not statistically significant. This provides evidence that public stocks
significantly affect U.S. nonfat dry milk prices beyond the censoring effects of the price support
level. The time trend parameter is positive and statistically significant, showing upward trend in
price movement. Seasonal dummy variables are al statistically significant. Finally, the standard
deviation s is estimated to have a positive but nonsignificant effect on the latent price. This
suggests that, while increased volatility may contribute to a higher risk premium, such an
influence is not statistically meaningful.

Consistent with the previous heteroscedasticity test result, the estimated parameters ¢ and
O in the standard deviation equation are highly significant. They are negative and capture the
stock effect on price volatility. This provides direct evidence that both private and public stocks
tend to reduce price volatility over the sample period. Thisfinding is consistent with the indirect
evidence found by Shively. Interestingly, the effects of private stocks on price volatility are found
to be much stronger than the effects of public stocks. This suggests that a market liberalization
involving a switch from public stocks to private stocks would contribute to market price
stabilization (beyond the censoring effects already captured by the Tobit model). These effects

are further evaluated below. In addition, while private stocks may affect negatively both mean
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price and the variance of price, it is only the latter that exhibits statistical significance. This
illustrates the important role played by storage in price stabilization.

Figure 3 demonstrates the performance of the estimated model by comparing the expected
prices obtained from (2a) with actual prices. It indicates that the model has a high explanatory
power during the sample period. Figure 3 also provides useful information about the changing
nature of the U.S. nonfat dry milk market over the last 30 years. It illustrates the stable nonfat dry
prices of the 1970s and 1980’ s when the price support was consistently binding, while it also
shows the increased volatility of nonfat dry milk pricesin the 1990's.

Figure 4 shows the standard deviation of nonfat dry milk price (V(yt)?) smulated from
the model estimates (2b) over the sample period. The ssmulation shows large changesin price
instability. The standard deviation of nonfat dry milk price was the smallest in the early 1980’s.
This can be explained as follow: (1) during that period, the market volatility was low (as
measured by s;); and (2) the censoring effects of the price support program were strong and
generated a further reduction in price variance. Figure 4 also shows that the standard deviation of
nonfat dry milk price was largest in the 1990's. Again, this is due to two factors: (1) in that
period, the market volatility (as measured by s) was large; and (2) the censoring effects of the
price support program were moderate as the price support was often lower than the market price.
Note that the standard deviation of nonfat dry milk price still fluctuated significantly during the
1990's. Thisis duein large part to stock effects: the standard deviation s; decreases (increases)
when stocks are high (low). This validates the important effects of storage behavior on price
volatility.

Finally, we investigate the relative role of the price support program in the estimated price

variance. Thisis done by calculating the relative variance V (y)/s > from equation (2b). The



results are presented in Figure 5. As discussed in section 2, the relative variance V (y)/s ¢ is
bounded between zero and one: it is equa to one in the absence of censoring, and it becomes
close to zero in the presence of strong censoring effects. As expected, Figure 5 indicates that
censoring effects are persistent for most of the sample period, except in the middle and late
1990's (when the relative variance is close to one). And they are strongest in the early 1980's
(when the relative variance is close to zero). This provides evidence that the price support
program has contributed to significant reductions in price instability in the U.S. nonfat dry milk

market over the last 30 years.

5. Implications
Given the large changes in price instability just documented, it is useful to investigate

further implications of our model for price dynamics. The analysisin this section relies mainly on
dynamic multipliers. Thisis done by ssimulating the effects of changes in selected variables on the
path of expected price and the variance of price given in (2a) ard (2b). However, note that
equation (2a) involves nortlinear dynamics. This is because the functionsf and F are non-linear
functions of lagged prices. Due to this nontlinear dynamic nature of (2a), all dynamics are “local”
in the sense that they depend onthe particular path being evaluated. For that reason, we focus our
attention on two scenarios. one covering the period starting in September 1985; and one covering
the period starting in January 1994. Recall that these two scenarios correspond to two extreme
situations related to the nonfat dry milk price support program. The first scenario (3 1985.09) can
be interpreted as representing the “ government regime”, where the price support is strongly
binding. The second scenario (3 1994.01) represents the “market regime”, corresponding to a

period when government purchases are inactive.
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First, using (2a) and (2b), we simulated the effects of changing lagged nonfat dry milk
stocks (both private and public stocks as measured by CS;.; and GS;.1) on the mean and standard

deviation of nonfat dry milk price, Ey; and V (y)?

. The resullts are reported in Table 2 under the
two scenarios. Table 2 reports the effects of atemporary shock in private and public nonfat dry
milk stocks (CS.-1 and GS;-1) on the current price Ey; and the standard deviation of the price

V (y)Y2. Under the government regime, the elasticities of mean price with respect to both public
and private stocks were found to be negative but small: -0.0068 with respect to private stock, and
-0.0062 with respect to public stock. Similarly, under the market regime, the elasticities of mean
price with respect to private and public stocks are —0.0124 and —0.0002, respectively. This
suggests that such stock effects are very small. Thisis consistent with coefficient estimates
associated with private stock variable in (3b) being negative but not statistically significant.
While the public stock effect in (3b) is statistically significant, our elasticity estimates indicate
that its marginal effect on mean price is smal (i.e, that large changes in public stocks are needed
to have a substantial effect on expected price). However, the effects of private and public stocks
on price volatility were larger. Under the government regime, the elasticities of V/(y)Y? with
respect to private and public stocks were —5.72 and —4.63, respectively. Under the market regime,
however, the elasticity of V()2 with respect to public stock is small (-0.0124). These results
have two implications. First, stock accumulation in both the private and public sectors contributes
to significantly reducing price volatility. The exception is for public stock under the market
regime where the effect is estimated to be small (as expected). Second, for both private and
public stock this effect is much stronger when the price support is binding. This reflects the fact
that the censoring effect is large (small) under the government (market) regime. It identifies

important interaction effects between private and public stocks, and government policy on price

volatility.
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Second, we simulated the effects of atemporary shock in the price of nonfat dry milk. The
results are reported in Figure 6 under the two scenarios. Figure 6 shows the dynamic impact of an
exogenous change in nonfat dry milk price y on the expected future prices Ey:+; and the standard
deviation of future prices V(yt+,-)”2, j=0,1, 2, ... It showsthat under the “government regime’
scenario, market price changes have only asmall effect on price dynamics and price volatility. In
this situation the price support is the key determining factor for the market price. Under the
“market regime” scenario, however, the dynamics look quite different. The simulations show that
short-term price dynamics are large: important dynamic adjustments take place in the nonfat dry
milk market in the absence of government intervention. And, as shown in Figure 6, a temporary
shock in the nonfat dry milk price generates only a small effect on price volatility under both
regimes.

Third, we simulated the effects of a permanent shock in the support price in the U.S.
nonfat dry market. The results are presented in Figure 7 under the two scenarios. Figure 7 shows
the dynamic impact of a permanent change in the support price s on the expected future prices
Eyt+j and the standard deviation of future prices V(y[+j)” 2.j=1,2,3,... The support priceis found
to have large effects on price dynamics and price volatility under the “government regime’
scenario. For example, when the support price is binding, a permanent increase in the price
support generates almost parallel increase in the nonfat dry milk price in both short and long run.
Again, thisis intuitive since under the government regime scenario, the price support is the key
factor for the market price determination. The dynamic impacts of the support price on V(yp,,-)]j2
appear more complex. Under the “government regime” scenario, theinitial effect (j = 1) on the
standard deviation is negative and large, suggesting that the censoring effect of the price support
program effectively decreases short-term price instability. However, as shown in Figure 7, the

next period effect (j = 2) is positive. This can be attributed to the short term overshooting
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estimated by the model. In other words, an increase in y tends to generate a more than
proportiona increase in y+1, which reduces the negative censoring effect of the price support on
the price variance at time t+1. Asillustrated in Figure 7, in the longer term, the effects of a
permanent increase in the price support on V(ytﬂ-)”2 are found to be negligible. This suggest that,
under the “government regime” scenario, while the price support program may reduce short term
price instability, it does not appear to contribute to a significant reduction in long-term price
instability. As such, our findings identify the need to differentiate short run versus long run
effects of price stabilization efforts in the analysis of price support program.

Next, we examine the impact of the price support on price dynamics and price volatility
under the “market regime” scenario. The impact on price volatility is very small in both short and
long run. When the price support is lower than the market price, a permanent increase in support
price does not have alarge effect on price volatility. However, as indicated in Figure 7, the long-
term impact of a permanent increase in the price support on expected price is not small (0.6). This
suggests that the cumulative impact of a higher support price on expected market price is not
negligible even when the level of support price isrelatively low. This shows that limited
government intervention (in the form of infrequent government purchases taking place only when
the priceis “very low”) can still have a significant effect on long-term price dynamics. This
finding suggests that it is possible for government policy to have significant effect on long-term

market prices at arelatively low cost to the taxpayers.

6. Concluding Remarks
This paper has investigated econometrically the effects of a price support program and
stocks (both private and public) on price dynamics and price volatility. We specified and

estimated a dynamic Tobit model under time varying volatility, reflecting the fact that the price
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support provides a censoring mechanism to price determination. The model is applied to the U.S.
nonfat dry milk market.

The econometric analysis provides empirical evidence on the dynamics of nonfat dry milk
prices and their changing volatility. First, we found evidence that stock effects are significant and
reduce price volatility. While private stocks may affect negatively both mean price and the
variance of price, only the latter shows statistical significance, illustrating the important role of
storage in price stabilization. Also, as expected, the empirical evidence suggests that public stock
accumulation contributes to market stabilization when the support price is binding (asin the
“government regime” scenario). In general, such findings are consistent with “stock effects”
discussed in the economics of storage (e.g., Williams and Wright; Deaton and Larogue 1992;
1996). Our results indicate how such effects can interact with the price support program. Second,
we document that market liberalization has been associated with alarge increase in price
volatility (e.g., in the mid 1990’ s). Our analysis provides evidence that the price support program
has been effective in reducing price volatility. Third, our simulation results identify some
important dynamic aspects of price adjustment in the U.S. nonfat dry milk market under market
liberalization. It is found that increasing the price support stimulates expected price but reduces
the variance of price. Alternatively, lowering the support price (under market liberalization) tends
to increase price volatility. However, we found that such an impact is effective mostly in the
short-term and tends to disappear in the longer term. In addition, under the market regime
scenario (where the support price is below the market price), our analysis indicates that the
support price program has a positive but small short-term effect on expected price. But it aso
indicates that the support program can still contribute to significant changes in the long-run
expected prices. This suggests that it is possible for government policy to have long-term effects

on market prices at relatively low cost to the taxpayers. While these findings were obtained in the
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context of the U.S. nonfat dry milk market, it is not clear whether similar results would hold in
other markets. In particular, it would be of interest to examine the role of government in terms of
changes in price floors across major dairy products (butter, American cheese and nonfat dry
milk). Further research is needed to investigate the interaction effects between policy reform,

price dynamics and storage behavior.
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Appendix
Consider the standardized residual e; = [y; - f(X¢, b)]/st. Using h = [s - f(X¢, b)]/st, we have
E(er) = [E(W) - f(Xt, b)l/st = h = () + T (h), (A1)

from (2a). In addition,

Ee?) =0 WU du+ o & () du
From Maddala (p. 365), we have i‘) e’f(uydu=[1-F(h)] xE[ef|a>h]=[1-F(h)] X1+ h x

E(ela >h)] =[1- F(h)] {1+ h >f (h)/(1- F (h))]. It follows that
Ee®) =1-F(h)+hf(h)+h®=F(h). (A2)

Using V(%) = s xV(ex) = s* ¥E(e’) - (E@))?], (A1) and (A2) yield equation (2b).

19



References
Amemiya, T. “Regression Analysis when the Dependent Variable is Truncated Normal.”
Econometrica 41(1973): 977-1016.

Antle, JM. “Econometric Estimation of Producers’ Risk Attitudes’ American Journal of
Agricultural Economics 69(August 1987): 509-522.

Binswanger, H.P. “Attitudes Toward Risk: Theoretical Implications of an Experiment in Rural
India” Econ. J. 91(December 1981): 867-889.

Bollerdev, T. “Generalized Autoregressive Conditional Heteroscedasticity.” Journal of
Econometrics 31(1986): 307-327.

Deaton, A., and G. Laroque. “On the Behavior of Commodity Prices.” The Review of Economic
Studies 59(1992):1-23.

Deaton, A., and G. Laroque. “Competitive Storage and Commaodity Price Dynamics.” The
Journal of Political Economy 101(1996):896-923.

Engle, R.F. “Autoregressive Conditional Heteroscedasticity with Estimates of the Variance of
United Kingdom Inflations.” Econometrica 50(1982): 987-1007.

Engle, R.F., D.M. Lilien, and R.P. Robins. “Estimating Time-Varying Risk Premiain the Term
Structure: the ARCH-M Model.” Econometrica 55(1987): 391-407.

Gardner, B.L. “Changing Economic Perspectives on the Farm Problem.” Journal of Economic
Literature 30(1992):62-101.

Holt, M.T. “Price-Band Stabilization Programs and Risk: An Application to the U.S. Corn
Market.” Journal of Agricultural and Resource Economics 19(1994): 239-254.

Holt, M.T. and S.R. Johnson. “Bounded Price Variation and Rational Expectationsin an
Endogenous Switching Model of the US Corn Market.” Review of Economics and

Statistics 71(1989): 605-613.



Judge, G.G., W.E. Griffiths, R. Carter-Hill, and T.C. Lee. The Theory and Practice of
Econometrics. John Wiley and Sons, New Y ork, 1980.

Lee, Lung-Fei. “Estimation of Dynamic and ARCH Tobit Models’ Journal of Econometrics
92(1999): 355-390.

Lin, W., G.W. Dean, and C.V. Moore. “An Empirical Test of Utility versus Profit Maximization

in Agricultural Production.” American Journal of Agricultural Economics 56(August
1974): 497-508.

Maddala, G.S. Limited Dependent and Qualitative Variables in Econometrics. Cambridge
University Press, New Y ork, 1987.

Pesaran, M.H. and H. Samiei. “An Analysis of the Determination of Deutsche Mark/French Franc
Exchange Rate in a Discrete-Time Target Zone.” The Economic Journal 102(1992a): 388-
401.

Pesaran, M.H. and H. Samiei. “Estimating Limited-Dependent Rational Expectations Models
with an Application to Exchange Rate Determination in a Target Zone.” Journal of
Econometrics 53(1992b): 141-163.

Saha, A., C.R. Shumway, and H. Talpaz. “ Joint Estimation of Risk Preference Structure and
Technology Using Expo-Power Utility.” American Journal of Agricultural Economics
76(May 1994): 173-184.

Shively, G.E. “Food Price Variability and Economic Reform: An ARCH Approach for Ghana.”
American Journal of Agricultural Economics 78(1996):126-136.

Shonkwiler, J.S. and G.S. Maddala. “Modeling Expectations of Bounded Prices: an Application
to the Market for Corn.” Review of Economics and Statistics 67(1985): 634-641.

Tobin, J. “Estimating Relationships for Limited Dependent Variables.” Econometrica 26(1958):
24-36.

USDA. Dairy Market News Agricultural Marketing Service, Washington, D.C. Various Issues.

21



Wei, Steven X. “A Bayesian Approach to Dynamic Tobit Models” Econometric Review
18(1999): 417-439.

Williams, J.C. and B.D. Wright. Sorage and Commodity Markets Cambridge University Press,
New York, 1991.

Zeger, S.L. and R. Brookmeyer. “Regression Analysis with Censored Autocorrelated Data.”

Journal of the American Satistical Association 81(1986): 722-729.

22



Table 1. Parameter Estimates for Heter oscedastic Dynamic Taobit: US Nonfat Dry Milk
Price, January 1970-July 2000

Parameters Definition Estimates Standard
Errors
b, Intercept for the price equation 1.649 (2.239)
b1 price of Nonfat dry milk at timet-1 1.505*** (0.064)
b, price of Nonfat dry milk at timet-2 -0.710*** (0.119)
b3 price of Nonfat dry milk at time t-3 0.210** (0.103)
bi4 price of Nonfat dry milk at time t-4 -0.078 (0.079)
bis price of Nonfat dry milk at time t-5 0.028 (0.063)
b6 price of Nonfat dry milk at time t-6 0.106* (0.064)
b7 price of Nonfat dry milk at timet-7 -0.147** (0.061)
bg price of Nonfat dry milk at timet-8 0.314*** (0.064)
br.g price of Nonfat dry milk at time t-9 -0.322+** (0.071)
br.10 price of Nonfat dry milk at timet-10 0.033 (0.068)
11 price of Nonfat dry milk at time t-11 0.128** (0.055)
by.12 price of Nonfat dry milk at time t-12 -0.108*** (0.032)
bes Lagged Nonfat dry milk commercial stock (CS.;) -6.060 (5.097)
bes Lagged Nonfat dry milk government stock (GS..;) -0.888** (0.418)
br Timetrend (TT) 0.127x** (0.027)
bo1 Dummy for 1% Quarter (Q1) -0.890** (0.424)
bo2 Dummy for 2" Quarter (Q2) -0.731** (0.363)
bos Dummy for 3¢ Quarter (Q3) 0.644** (0.268)
bs Standard deviation (s:) 0.133 (0.186)
Intercept Intercept for the standard deviation equation 3.087*** (0.151)
G Time trend in the 1990s (T90) -0.021 (0.019)
® Lagged Nonfat dry milk commercial stock (CS.;) -21.387*** 1.727)
o3 Lagged Nonfat dry milk government stock (GS..;) -1.421%** 0.177)
T 355
Log- likelihood -602.27

Note: Standard errors are provided in parentheses, T denotes the number of observations, and asterisks

indicate statistical significance at the 10 percent (*), 5 percent (**), and 1 percent (***) level, respectively.
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Table 2. The Mean and Standard Deviation Effects of Temporary Shock (10%) in
Commercial and Gover nment Stock

Commercia Government
Stock Stock
Market regime  Standard deviation effects -14.467 -0.124
Mean price effects -0.124 -0.002
Government Standard deviation effects -57.187 -46.302
regime Mean price effects -0.068 -0.062
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Figure 2. Commercial and Gover nment Stocks of Nonfat Dry Milk
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Figure 4. Estimated Standard Deviation of Nonfat Dry Milk Price

|

U PATTL VA

-000¢
-666T
-866T
-.66T
-966T
- G66T
- 7661
- €661
- 66T
- 1661
-066T
-686T
-886T
- /86T
-986T
- G86T
- 7861
- €861
- 861
- 1861
-086T
- 6,61
-8.6T
-,/6T
-9.6T
-G.6T
-V.61
-€.6T
- ¢l6T
-T.6T
06T

12

o
-

(e}

©

<

N o

3011d Yjiw AJp TeJ-UOU JO UOIBIASP plepuels

year

28



Figure 5. Relative Variance V(y;)/s® of Nonfat Dry Milk Price dueto Censoring
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Figure 6. The Effects of Temporary Shock in Nonfat Dry Milk Price on the Expected
Future Prices Eyy; and the Standard Deviation of Future Prices V (yj)"?
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Figure 7. The Effects of a Permanent Shock in the Support Price of Nonfat Dry Milk on the
Expected Future Prices Ey.; and the Standard Deviation of Future Prices V(yj)"2
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Footnotes

! The corresponding supply-demand structural forms have been analyzed by Shonkwiler and
Maddala, and Holt and Johnson.

2 An alternative dynamic Tobit specification is X; = (Ye.1 , %), where Ye.1 = (Y1, Yiz , ...) iS@
vector of lagged latent variables, and % denotes other explanatory variables (Lee; Wei). As noted
by Lee, thisincludes as a special case the Tobit model under autocorrelated error terms (Zeger
and Brookmeyer). We did not rely on this specification for two reasons. 1/ using lagged latent
variables means that the likelihood function involves multiple integrals (which requires switching
from the standard maximum likelihood method to simulated estimation methods); and 2/

estimating time-varying s becomes more difficult in this context (see Lee).
¥ We use wholesale price of nonfat dry milk for human food.

* Except for the period of the early 1980's, the Secretary of Agriculture had discretion in making
some adjustments in the support price depending on market conditions and government stocks.

> Alternative specifications were attempted for s;. First, the observed increase in price volatility
toward the end of the sample period (see Figure 1) meant that autoregressive structures for s
were found to be non stationary. For that reason, we elected not to choose a GARCH structure for
the error term in our model (e.g., following Engle or Bollerdev). Second, under censoring, note
that ARCH processes generate multiple integrals in the sample likelihood function. Since these
integrals are not easily evaluated analytically, ARCH would imply a need to switch from the
standard maximum likelihood method to smulated estimation methods. In this context, Lee
found that the estimation of ARCH parameters in a Tobit model can be difficult.

® As shown in equation (2a), censoring generates nonlinear dynamics, where the forward path of

expected prices depends on the support price in a nortlinear fashion.

7 All roots are complex. The pair of dominant roots is [0.9515 + 0.0840 (-1)Y?], with modulus

0.9552. They imply cyclical patterns.
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