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VOLATILITY IN U.S. DAIRY FUTURES MARKETS 

 
 

JEFFREY M. JUMP 

 

Dr. Zaifeng Fan, Dissertation Chair  

 

 

OVERVIEW 

 

Dairy commodities have experienced tremendous price swings over the past few decades. 

The high price volatility has been partially blamed for the bankruptcy of 30% of U.S. dairy 

industry (including farmers and manufacturers). Yet, the study of dairy market volatility has 

been limited. This dissertation attempts to provide a better understanding of volatility in the dairy 

futures market by presenting two essays. Essay 1 uses multivariate GARCH models that 

incorporate macroeconomic variables to investigate the return comovement and volatility 

spillover effect among four dairy commodities (butter, cheese, milk, and dry whey) futures. 

Essay 2 studies the impact of USDA public wholesale price announcements and trading activities 

upon dairy commodities and class III milk price volatility. 
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ESSAY 1: PRICE COMOVEMENT AND VOLATILITY SPILLOVER IN THE U.S. 

DAIRY COMMODITY FUTURES MARKET 

 

JEFFREY M. JUMP 

 

Dr. Zaifeng Fan, Dissertation Chair  
 

 

ABSTRACT 

 

Despite its sheer market size and volatile prices, the study of US dairy commodity prices 

and volatility is limited in recent literature. Compared to other commodities, dairy products show 

large price swings and unpredictable price volatility, making it more difficult for dairy farmers, 

dairy manufacturers, and other market participants to manage price risks. This essay investigates 

dairy commodities futures returns using five different return metrics, and corresponding realized 

volatilities at weekly and monthly levels. We apply GARCH models to consider the conditional 

heteroskedasticity in dairy futures returns. Our results show that dairy commodities returns are 

correlated positively, but only cheese and milk have strong correlations (over 85% coefficient for 

returns and over 90% for volatility.) We also report strong evidence that volatilities of all dairy 

commodities are significantly impacted by short-term return surprise (innovation) and past 

volatility. However, only dry whey exhibits dominant volatility persistence (long memory.) Our 

GJR GARCH results suggest that "good" news in return impacts butter and cheese volatility 

greater than "bad" news, while "bad" news impacts milk and dry whey greater than "good" news. 

Using multivariate GARCH DCC model, we show the return comovement are time-varying and 

volatility are interdependent among dairy commodities. The GARCH BEKK model indicates 
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asymmetric (bi-directional) volatility spillover effects between dry whey and other commodities,  

especially between dry whey and cheese. We also demonstrate that dairy commodities return and 

volatilities, especially milk and cheese, are not closely related to macroeconomics variables 

possibly because of the unique characteristics of dairy products and heavy government 

regulation.  

 

Keywords: Dairy Futures; Price Comovement; Volatility; ARCH/ GARCH; Spillover 
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Introduction 

 
"Milk pricing is complicated. Historically, most dairy farmers have understandably been 

quite content to worry about making milk and to let their dairy plant worry about marketing 

their milk. This was sound strategy until the 1990s1." (Ed Jesse and Bob Cropp, 2008) 

Price volatility has always been a center of interest in financial market research. A better 

understanding of volatility is essential to managing risk and price discovery. Commodity price 

volatility is one of a few leading indicators of uncertainty within the domestic and global 

economy. Chinn and Coibion (2014) demonstrate that energy and agricultural futures markets 

serve as accurate predictors of subsequent prices. Cody and Mills (1991) establish a close 

relationship between commodity prices and the Consumer Price Index (CPI). Stock and Watson 

(2003) identify commodity price as a precursor to inflation.  Therefore, government and 

regulatory bodies pay close attention to commodity price movements and volatility patterns to 

design effective and efficient economic policies. For instance, in 2009, at the G20 summit in 

London, world leaders and representatives discussed the importance of maintaining stable and 

secure global commodity markets.  

Agriculture commodities, especially dairy commodity products, and raw farm milk have 

experienced dramatic price swings in the past several decades (Manchester & Blayney, 2001; 

Shields, 2009; Zhang & Ding, 2018; Staugaitis, 2019). Nguyen and Prokopczuk (2019) report 

that butter and milk exhibit the highest price jump among 29 different commodity futures, 

including gas, gold, and oil. The following figures show the four dairy commodities' historical 

 
1 Basic Milk Pricing Concepts for Dairy Farmers (A3379), R-09-2008, University of Wisconsin-Extension, 

Cooperative Extension 
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futures' price movements since they began trading on the Chicago Mercantile Exchange (CME) 

until early 2020.  

Figure 1 Historical Dairy Products and Class III Milk Prices                                                                                                                                                                                         

  

 

Note. This figure presents the daily close prices of butter, cheese, class III milk, and dry whey futures traded at the 

Chicago Merchandise Exchange (CME) from the commodity's first trading day to March 2020, where the data ends.  

 

Between 2005 and 2020, butter futures prices have varied from roughly $100 to $280 per 

hundred pounds (cwt), with sharp price increases and decreases. Cheese, milk, and dry whey 

have exhibited large and relatively rapid price changes (cheese varying from $1.25 to $2.40/lbs.; 

Class III milk $8 to $24 per cwt, and dry whey 18 to 80 cents per pound). We also observe rapid 

price declines in late 2019 and early 2020, possibly due to the trade war between the US and 

China and the COVID-19 pandemic.  

Daily Butter prices 
Average daily cheese prices 

Daily Dry Whey prices Daily Class III milk prices 
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Concurrent with the volatile behavior of dairy prices, between 2008 through 2018, 30% 

of dairy farmers have either gone bankrupt or exited the industry. The Economic Resource 

Service (USDA-ERS) reports that 2014 was the last year a typical dairy farm was profitable2 and 

suggests that the current dairy pricing model is difficult to mitigate risk. Manchester and Blayney 

(2001) concur that unpredictable price volatility creates difficulty for farmers to manage risk. 

Furthermore, two of the nation's largest milk processors filed for bankruptcy in Nov. 2019 and 

Jan. 20203.  Shields (2009) goes on to suggest that managing dairy commodity price risks is 

directly related to the marketplace having a predictable spread or difference between cash 

markets and the futures market. Without a gain or loss in the futures market, a market 

participant’s price risk may not be reduced. 

In a recent literary survey, Staugaitis (2019) provides a review of past milk and dairy 

product futures market research. The author confirms a lack of empirical study in dairy 

commodities, especially for butter, cheese, and dry whey. Since the dairy market has unique 

characteristics, such as low liquidity, higher fragmentation, and heavy regulation by the USDA, 

its price movement and volatility are unique. Moreover, the US dairy industry market size is big. 

It is estimated to be approximately $100 billion and prolific within the US food supply. 

Therefore, our study on dairy commodity price comovement and volatility, especially as a 

collective dairy market-basket of goods, is timely and important.  

Unlike stock returns, the futures return is more complicated because there are multiple 

contracts existing for the same underlying commodity at any given time. To provide a 

 
2 USDA-ERS, ERR-274: Milk sales comprise about 90 percent of the gross value, which also includes revenue from 

selling culled milk cows and young calves, as well as the fertilizer value of manure produced by the dairy herd. 

Total costs include cash operating expenses, the annualized replacement costs of the farm’s capital, the costs of 

hired and family labor, and a share of farm overhead expenses. 
3 Dean Foods filed for bankruptcy in Nov. 2019 followed by Borden in Jan. 2020. 
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comprehensive analysis, we apply five different metrics to calculate the futures returns that are 

commonly used in the literature. This study investigates two different measures of volatility, 

namely, realized volatility and volatility generated by GARCH models. To investigate the returns 

comovement and volatility correlation/spillover among dairy commodities while considering the 

time-varying variance, we use multivariate GARCH models.  This study also investigates how 

macroeconomics variables, such as short-term interest rate, US dollar index, market return (S&P 

500), and commodities index return, impact dairy commodities return and volatilities.   

Our results show the returns among dairy futures have significant comovement. Milk 

return is significantly (1% level) correlated to the other commodities (coefficient of 0.856, 0.224, 

and 0.149 with cheese, dry whey, and butter, respectively.) Cheese has correlation coefficients of 

0.061 and 0.093 with dry whey and butter, respectively. Dry whey and butter do not correlate 

with each other. The analysis of volatility indicates that dry whey exhibits the highest volatility, 

followed by butter, milk, and cheese for both realized volatility and GARCH volatility. We also 

observe significant positive correlations among volatilities of different commodities. The 

correlation between milk and cheese is the strongest, while the weakest is between dry whey and 

cheese. These results are consistent for other return metrics.  

Since most financial time-series data exhibit autoregressive conditional heteroskedasticity 

(ARCH), we use the Engle's Lagrange Multiplier to test the ARCH effect for dairy commodity 

futures returns. We find a strong ARCH effect in all dairy futures returns. Each commodity, 

except for dry whey, shows strong ARCH and GARCH effect. The coefficients of ARCH and 

GARCH are comparable in magnitude, which means the innovation of past returns and past 

volatility have a similar impact on current volatility. On the other hand, dry whey exhibits a 

dominant GARCH effect (coefficient of 0.947) vs. ARCH (0.036.) It suggests that dry whey's 
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volatility has extremely long- memory, and the past return surprise has almost no effect on its 

current volatility. Using asymmetric GARCH (GJR model), we demonstrate that butter and 

cheese volatility increase more dramatically in response to price increase (good news) than price 

decrease (bad news), while milk and dry whey volatility increase more to price decrease (bad 

news) than price increase.  

Our GARCH results suggest that the US dollar index negatively impacts milk futures 

return (at 10%). CRB index has a positive impact on butter and dry whey return at 5% level. 

Short-term interest rate impacts butter, cheese, and milk negatively at 5% level. We do not find 

any evidence that dairy futures returns correlate to S&P 500 returns.  

We further study the comovement of dairy futures returns using a dynamic conditional 

correlation (DCC) MGARCH model that allows the conditional covariance matrix of the dairy 

futures returns to follow a flexible dynamic structure. Since a large portion of the milk supply is 

used for cheese production, the return and volatility of these two commodities are highly 

correlated. Because of the collinearity concerns, we only keep butter, cheese, and dry whey in 

our MGARCH analysis. After considering the interdependence among dairy commodities, the 

impacts of macroeconomic variables are found similar as in individual GARCH models, but 

become less significant.  The ARCH and GARCH effects are very close to the individual 

GARCH results. The conditional correlations confirm that the futures return comove with the 

highest coefficient between milk and cheese (0.94) and the lowest between butter and dry whey 

(0.064). The conditional correlation is also time-dependent. We find that the comovement 

between cheese and butter and between butter and dry whey increase from 2012 to 2015 and start 

decreasing from 2015 to the end of 2019 before it increases again. However, the correlation 
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between cheese and dry whey is more volatile over time. The highest correlation happens around 

2018 to 2019.  

Next, we investigate the spillover effect using BEKK model. We do not find the 

significant volatility spillover between cheese to butter in either ARCH or GARCH effect. We 

find significant negative spillover effects in GARCH effect from dry whey to butter and from dry 

whey to cheese, which suggests that past volatility of dry whey decreases the current volatility of 

butter and cheese. The spillovers in ARCH effect between cheese and dry whey are bi-

directional and significant in both directions. Dry whey volatility spillover to cheese is negative, 

while cheese volatility spillover to dry whey is positive. This might be because dry whey is a by-

product of cheese.  

Overall, our results show that dairy commodities return comove together, except butter 

and dry whey. However, the correlations are not strong in general, except for between milk and 

cheese. All dairy futures return exhibit strong ARCH and GARCH effects, but dry whey has a 

dominant GARCH effect. MGARCH models confirm the results from individual GARCH results 

and reveal that the comovement of dairy futures returns are time-varying and volatility spillover 

are bi-directional. Our results also suggest that milk and cheese are less correlated with 

macroeconomics variables than butter and dry whey.  
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Literature Review 

 

To study the volatility of financial data, researchers typically take one of the two 

approaches. The first one is to utilize variance of historical data using simple models (such as 

standard deviation), GARCH-type models, stochastic volatility models, or realized volatility. The 

second method is to extract market expectations about future volatility from option prices, using 

implied volatility indices. Options price data are not available at this time; however, we 

recognize this may be an area of further research. The focus of this paper lies on the GARCH-

type models and realized volatility.  

The accuracy of volatility measures and forecasting is the subject of extensive research. 

Andersen and Bollerslev (1998) and Andersen et al. (1999) suggest that realized volatility (RV) 

provides a more accurate measure of true volatility. Since true volatility is unobservable, realized 

volatility is considered a proxy for latent volatility and as a variable that can be modeled directly 

(Andersen et al., 2003). In this study, we use the realized volatility of the returns of butter, 

cheese, dry whey, and milk futures as a proxy for true volatility. Realized volatility can be 

calculated in the following three steps (equations 1 to 3): 

𝑟𝑡 = ln(
𝑃𝑡

𝑃𝑡−1
)                                                                 (1) 

𝜎𝑡
2 = ∑ 𝑟𝑡,𝑗

2𝑛
𝑗=1                                                                                                                                 (2) 

𝑅𝑉 = 𝜎 = √𝜎𝑡
2                                                                                                                            (3) 

Where P = asset price. Where n is the number of trading days in month t. rt,j is the jth daily return 

in month t. Equation 1 represents daily return, equation 2 is realized variance. 
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Most econometric models assume the error term variance to be homoscedastic. However, 

financial time-series data, such as stock returns, exchange rates, and interest rates, usually exhibit 

time-varying variance over time (Tseng et al., 2011; Kim et al., 2020, among others.) Periods of 

high volatility cluster together, followed by periods of low volatility. Engle (1982) developed the 

autoregressive conditional heteroskedasticity (ARCH) model to account for such time-varying 

variance.  The ARCH model and its extension, the generalized ARCH (GARCH) developed by 

Bollerslev (1986), have become the most influential models for studying conditional variance in 

time series data. The ARCH model has been used in the financial futures market extensively. For 

a more detailed discussion of ARCH modeling in finance, please see Bollerslev et al. (1992).  

  Although GARCH models have been proven to explain conditional heteroskedasticity, 

they fail to capture some stylized facts. For example, in financial time series data, conditional 

variance tends to respond differently to bad news than positive news. Several alternative models 

have been developed to account for such asymmetric character of the volatility, including the 

exponential GARCH (EGARCH) by Nelson (1991), the threshold GARCH (TGARCH) by 

Zakoian (1991), and GJR GARCH by Glosten et al. (1993). We apply EGARCH and GJR 

GARCH to study the asymmetric effects of dairy futures returns.  

Staugaitis (2019) points out that none of the existing dairy studies encompass a holistic 

approach for the entire basket of dairy-based commodities. To date, only a few recent studies 

include two or more dairy commodities. For instance, Nguyen and Prokopczuk (2018) examine 

price jumps of various commodity futures utilizing a Poisson jump process. Their study 

concludes that milk and butter exhibit more price jumps than energy, metal, and other 

agricultural commodities. Bozic and Fortenbery (2012) develop a methodology to match milk 

cash and futures prices using an implied cheese futures price that is calculated from the USDA 
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milk pricing formula. Du and Dong (2016) examined Class III milk futures exclusively using a 

Bayesian Markov chain Monte Carlo (MCMC) method over the life of the contract.  

Federal Milk Market Order Pricing Scheme  

 

The US dairy commodity futures markets are unique because all dairy futures, at contract 

expiration, settle to a government (USDA)-determined minimum cash settlement price. Federal 

Milk Marketing Orders (FMMOs) are designed to stabilize dairy market conditions. Among 

other things, FMMOs require milk handlers to pay milk producers uniform prices for milk and 

adhere to other specified rules. They are designed to assure milk producers of fair treatment in 

the marketplace while assuring consumers of a consistent and adequate supply of dairy products 

(Greene, 2017). 

Raw unpasteurized farm milk is highly perishable and requires immediate refrigeration, 

pasteurization, and conversion into a storable manufactured dairy commodity or appropriately 

processed as fluid milk fit for consumption. Additionally, farm milking and milk processing 

procedures are highly regulated by various Federal and State authorities (Jesse & Cropp, 2008). 

Therefore, milk price is sensitive to changes in policy or regulatory issues.  

The FMMO classifies all the milk into four classes based on how it is used by the 

manufacturers. Drinkable milk beverages are classified as class I dairy products. Drinkable 

beverages account for roughly 30% of the entire US milk supply. The milk used to manufacture 

storable dairy products, such as cheese, butter, and dry whey, are classified into either class II, 

class III, or class IV. These storable dairy products have an extended shelf-life considerably 

longer than fluid milk. The classification of milk into four end-use products (class I, II, III, IV), 

is commonly referred to as a Classified Pricing scheme. The minimum prices for all four classes 
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of milk are derived by the wholesale prices of manufactured dairy products. The same pricing 

scheme is also used in the dairy futures market to determine the settlement prices. Since the 

prices of manufactured dairy commodities are market determined by wholesale prices, 

ultimately, their prices are determined by supply and demand conditions (Jesse & Cropp, 2008).  

Farm milk is nearly 88% water; the remaining 12% of milk is milk's components, such as 

butterfat, protein, and other solids. While the components within milk ultimately derive the price 

of class III milk, it is dairy products such as cheese, butter, and dry whey that determine the 

value of milk’s components. Although the percent composition of components within milk 

changes, on average, milk is 3.4% butterfat, 3.3% protein, and 5.6% other solids4. However, all 

classes of milk are priced on a standardized basis (cwt, or 100 pounds) that assumes that the milk 

consists of 96.5% skim milk and 3.5% butterfat (Jesse & Cropp, 2008).  

This paper focuses on class III milk, cheese, butter, and dry whey for a number of 

reasons. First and foremost, per the USDA pricing scheme, cheese, butter, and dry whey’s value 

determine the value of class III milk. Second, the dairy commodities (cheese, butter, dry whey, 

and Class III milk) all have active futures markets. Therefore, the study of class III milk futures, 

and its determining dairy commodities' futures (cheese, butter and dry whey), captures the 

fundamental characteristics of dairy products. Third, there are no futures markets for Class I and 

Class II milk products. Finally, Class IV milk futures markets only have one underlying dairy 

commodity, non-fat dry milk (NFDM).  

Class III milk prices are determined by the market wholesale prices of three dairy 

products: (1) Grade AA butter (henceforth referred to as butter), (2) 40-pound blocks and 500-

 
4 Milk Composition | MilkFacts.info 

http://www.milkfacts.info/Milk%20Composition/Milk%20Composition%20Page.htm#:~:text=In%20general,%20the%20gross%20composition%20of%20cow's%20milk,the%20animal's%20feed,%20and%20the%20stage%20of%20lactation.
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pound barrels of cheddar cheese, and (3) dry whey (a by-product of the cheese manufacturing 

process). USDA surveys dairy product wholesalers each week to determine the volume sold and 

the average price received for these manufactured dairy products. The Agriculture Marketing 

Service (AMS) reports monthly prices from the weighted average of either four or five weeks of 

surveyed sales. AMS then computes milk's component prices using these wholesale prices, and 

the AMS announces the class III milk prices. All FMMOs use the same class III prices in 

computing prices paid by handlers to milk producers, US CRS R45044 (2017) (Shields, 2009; 

Jesse & Cropp, 2008).  

Although the Class III milk pricing scheme has been characterized as complex, 

mathematically it is not complicated. Jesse & Cropp (2008) provide an intuitive formula to 

compute the driving commodities of the minimum Class III milk price.  

The formula is expressed as: 

𝑃𝐼𝐼𝐼 = 9.6393(𝑃𝑐) + .4199(𝑃𝑏) + 5.8643(𝑃𝑑) − 2.8189                              (4) 

 Where: 𝑃𝐼𝐼𝐼 = 𝐶𝑙𝑎𝑠𝑠𝐼𝐼𝐼𝑚𝑖𝑙𝑘𝑝𝑟𝑖𝑐𝑒𝑝𝑒𝑟𝑐𝑤𝑡, 𝑃𝑐 = 𝐶ℎ𝑒𝑒𝑠𝑒𝑝𝑟𝑖𝑐𝑒, 𝑃𝑏 = 𝐵𝑢𝑡𝑡𝑒𝑟𝑝𝑟𝑖𝑐𝑒, 𝑃𝑑 = 𝐷𝑟𝑦𝑊ℎ𝑒𝑦𝑝𝑟𝑖𝑐𝑒  

$2.8189 represent the combined cheese make allowance on a per cwt of class III milk.  Cheese, butter, & dry whey 

are per pound.   

  Therefore, a 10-cent increase/(decrease) in any commodity respectively influences the 

Class III milk price per cwt as follows: 96.4 cents (cheese), 4.2 cents (butter), and 58.6 cents (dry 

whey). For a complete formula of the FMMO dairy pricing scheme, please see Appendix A.   
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Data and Methodology 

We obtain dairy commodity futures data set from Dairy & Food Market Analyst Inc.5 for 

Class III milk, cheese, butter, and dry whey. This dataset includes daily open, high, low, and 

closing prices, trading volume, and open interest. Our data begins January 2000 for Class III 

milk, September 2005 for butter, March 2007 for dry whey, June 2010 for cheese, and ends April 

2020 for all commodities. Over 400,000 daily dairy futures trading data points were obtained.   

We study four macroeconomic variables: 1) short-term interest rate, a control variable 

which we define as the 3-month treasury bill, 2) the US dollar index, which represents the value 

of the US dollar relative to the value of a basket of currencies of the US's most significant 

trading partners, 3) the CRB (commodity research bureau) index, which comprises 19 

commodities to represent of overall commodity returns, and 4) the S&P 500 index, which 

represents the overall equity market returns. We collect the US dollar index and composite 

commodity index from Bloomberg, 3-month treasury bill rate from Federal Reserve St. Louis, 

and S&P 500 index from WRDS.  

Dairy Futures Market 

 

The Chicago Mercantile Exchange (CME) hosts a dairy futures market for Class III milk, 

butter, cheese, and dry whey. All dairy futures are cash-settled. The cash-settled contract, at 

expiration, settles to prices determined by the USDA.  An intent of the cash settlement feature is 

to promote liquidity expansion by allowing investors to take a position without having to take 

physical possession. Please see Appendix B for a list of dairy future contract characteristics.  

 
5 We appreciate the contribution of Matt Gould, Editor and Analyst, Dairy & Food Market Analyst Inc. for 

providing our data; https://www.dairymarketanalyst.com/ 
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Each standard dairy futures contract has a 2-year maturity term. Therefore, there are 24 

contracts with different expiration dates outstanding in any month for the same commodity. As 

an example, the May 2020 butter contract matures at the end of May 2020. However, the 

contract was first offered in May 2018, or 24 months in advance. For notational purposes we can 

denote the May 2020 contract in May 2018 (when first offered) as having a nearby index 24 (i.e., 

NB 24). As time moves forward each month, NB 24 becomes NB 23, NB 22, …, and eventually 

at the beginning of May 2020 the May 2020 contract can be represented by NB 1.  

Futures Return 

 

Time series returns on futures are more complicated than stock returns. Each futures 

contract has a unique expiration date, and multiple contracts with different expiration dates for 

the same commodity exist in the market simultaneously. The usual method is to use the prices of 

the contracts nearest to their maturity, i.e., NB 1. Since a future contract typically involves 

rolling over after one contract expires, we remove the matured contract's impact because the 

expiring contract's final settled price may be materially different from the opening price of the 

new contract. Figure 2 provides a visual aid depicting the rolling over effect.  As shown in the 

figure, when March 2020 contract rolls over to the April 2020 contract, March 2020 settled at 

$175.51 cwt, and the April 2020 contract began its first day of trading (NB 1) at $146.000 cwt. 

The huge price change does not mean the futures return dramatically changes. It is caused by the 

contract rollover.   
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Figure 2 Common Issues Encountered When Building a Composite of Futures Returns Over 

Multiple Contracts                                                                                                                                  

 

 

Following Diewald et al. (2015), we compute futures returns as follows: 

𝑟𝑡+1
𝑛𝑜𝑟𝑚𝑎𝑙 = 𝑙𝑜𝑔

𝐹𝑡+1
(𝑁𝐵1)

𝐹𝑡
(𝑁𝐵1)  t=1,…,T                      (5)    

𝑟𝑡+1
𝑟𝑜𝑙𝑙 = 𝑙𝑜𝑔

𝐹𝑡+1
(𝑁𝐵1)

𝐹𝑡
(𝑁𝐵2)    t=1,…,T                         (6) 

Where equation 6 is for the day immediately after the expiration day. It is called a rolling 

day. Equation 5 is for any other business day. 𝐹𝑡+1
(𝑁𝐵1)

 and 𝐹𝑡
(𝑁𝐵2)

 denote the future close prices 

for NB 1 and NB 2 contract at time t. This method ensures all the returns are calculated using the 

price information for the same contract. We call this return the continuous return to differentiate 

it from the others as discussed below.  

Since each dairy commodity contract exists in the market for 24 months, conceptually, 

there are 25 contracts traded each month as trading for the expiring contract does not cease until 

Futures Contract Month Trade Date NB Index Close_Price Daily Return Volume Open Interest

butter futures Apr-20 29-Apr-20 settled price $126.300 (0.0153)            17 -                    

butter futures Apr-20 28-Apr-20 1 128.250 0.0080              17 0

butter futures Apr-20 27-Apr-20 1 127.225 (0.0061)            12 1441

butter futures Apr-20 24-Apr-20 1 128.000 0.0037              3 1441

butter futures Apr-20 23-Apr-20 1 127.525 0.0010              0 1441

butter futures Apr-20 22-Apr-20 1 127.400 (0.0002)            4 1441

butter futures Apr-20 21-Apr-20 1 127.425 (0.0004)            19 1441

butter futures Apr-20 20-Apr-20 1 127.475 (0.0016)            6 1446

butter futures Apr-20 17-Apr-20 1 127.675 -                   

issue #3 - no change in price, 

1 trade but Open Interest 1 1446

butter futures Apr-20 16-Apr-20 1 127.675 (0.0397)            10 1446

butter futures Apr-20 15-Apr-20 1 132.850 (0.0049)            25 1388

butter futures Apr-20 14-Apr-20 1 133.500 (0.0069)            9 1389

butter futures Apr-20 13-Apr-20 1 134.425 (0.0424)            7 1388

butter futures Apr-20 10-Apr-20 1 140.250 -                   

issue #2 - no change in price, 

no trades 0 1388

butter futures Apr-20 9-Apr-20 1 140.250 (0.0034)            16 1388

butter futures Apr-20 8-Apr-20 1 140.725 (0.0090)            13 1370

butter futures Apr-20 7-Apr-20 1 142.000 0.0106              7 1369

butter futures Apr-20 6-Apr-20 1 140.500 0.0071              9 1368

butter futures Apr-20 3-Apr-20 1 139.500 (0.0098)            8 1369

butter futures Apr-20 2-Apr-20 1 140.875 (0.0357)            64 1368

butter futures Apr-20 1-Apr-20 1 $146.000 (0.1841)            issue #1, between contracts 226 1370

butter futures Mar-20 1-Apr-20 settled price $175.510 (0.0014)            0 -                    

butter futures Mar-20 31-Mar-20 1 $175.750 (0.0014)            1 -                    

butter futures Mar-20 30-Mar-20 1 $176.000 0.0006              4 1,475                

butter futures Mar-20 27-Mar-20 1 $175.900 (0.0020)            14 1,482                

butter futures Mar-20 26-Mar-20 1 $176.250 (0.0028)            40 1,445                

butter futures Mar-20 25-Mar-20 1 $176.750 0.0001              20 1,441                

butter futures Mar-20 24-Mar-20 1 $176.725 2 1,441                

Issues to be addressed



VOLATILITY IN THE U.S. DAIRY MARKET 16 
 

  

the business day prior to the USDA settlement prices. We construct a weighted average monthly 

futures price based on either trading volume or open interest to capture the information of all 

available contracts. A similar method is used by Clark (1973) and Du and Dong (2016). We 

include contracts with NB less than or equal to 12 (1-year) since contracts going further back 

have very few trading activities and very low open interest. The formula for the weighted 

average price cam be represented as: 

𝑃𝑡 =
∑ 𝑊𝑡

𝑁𝐵𝑃𝑡
𝑁𝐵12

𝑁𝐵=1

∑ 𝑊𝑡
𝑁𝐵12

𝑁𝐵=1
   t=1,…,T                           (7)   

 

Where 𝑃𝑡
𝑁𝐵 is the closing price at time t for a particular nearby index, 𝑊𝑡

𝑁𝐵 represents either 

volume or open interest at time t for a specific nearby index. We call the return calculated using 

this price time series the weighted average returns.  

We also apply a method of seeking the appropriate market liquidity conditions for 

contract roll-over. The rationale is that the continuous prices should come from the most liquid 

contracts. We use the price series in NB 2 contract if it is more actively traded than the NB 1 

contract. There are two criteria used as a proxy for liquidity. One is the trading volume, and the 

second is open interest. More specifically, the prices should switch to NB 2 when the volume (or 

open interest) of NB 1 is always lower than the NB 2 contract volume (open interest) for the rest 

of contract life. We call the return calculated using this method the rolling returns.     

There are other methods proposed to address the rolling contract issues in the futures 

market. Carchano and Pardo (2009) review different ways of selecting a rollover date. They find 

that there are no significant differences among the selection criterion for stock index futures.  
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In total, we have three time-series futures returns; continuous, weighted average, and 

rolling. We use all three returns in our analysis. Most of our analyses produce similar results and 

draw the same conclusions. Therefore, we report results from continuous returns in most cases to 

save space.  

ARCH/GARCH 

 

Engle (1982) developed the autoregressive conditional heteroskedasticity (ARCH) 

model.  Assuming that the return on an asset is given by: 

rt = µ + σtεt t=1,…,T                        (8) 

 

where εt is a sequence of N(0,1) i.d.d. (independent and identically distributed) random variables. 

The residual term at time t, rt −µ, can be defined as: 

 at = σtεt    t=1,…,T                 (9) 

 

 In the ARCH model, 

 

σ2
t = α0 + α1a

2
t−1   t=1,…,T                  (10) 

 

where α0 > 0 and α1 ≥ 0 to ensure positive variance and α0, α1 < 1 to ensure the model is 

stationary. The returns are conditional on all information up to time t − 1 and are uncorrelated 

but not i.i.d. 

An extension of the ARCH model, the GARCH, or Generalized Autoregressive 

Conditional Heteroskedasticity model developed by Bollerslev (1986), introduces a moving 

average component which allows the model to capture the change in variance of errors 
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(amplitude) as well as the time-dependent variances (frequency). In essence, GARCH improves 

the long lag disturbances of the ARCH process by incorporating a more flexible lag. 

Furthermore, the GARCH model asserts that the best predictor (forecast) for the next period is 

the weighted average long run volatility plus the arrival of new information. New information is 

measured as the most recent squared residual.   

In a GARCH (1,1) model we have: 

 

σ2
t = α0 + α1a 2t−1 + β1σ 2t−1  t=1,…,T                    (11) 

 

Where: 

 α0>0, α1>0, β1>0, and α1 + β1<1. 

 

The presence of certain drawbacks or limitations of the GARCH model has promulgated 

the widespread development of off-shoots of the basic GARCH specification.  For instance, 

Black (1976) found evidence that stock returns are negatively correlated with changes in returns 

volatility. This means that volatility tends to increase in response to bad news and decrease in 

response to good news. The basic GARCH model doesn't account for that since it only assumes 

that the magnitude and not the positive or negative sign of excess returns influences the 

conditional volatility. Engle and Bollerslev (1986) introduced an integrated version of GARCH.  

Nelson (1991) developed an exponential GARCH model (EGARCH) which is design to account 

for this concern.  Glosten et al. (1993) developed the GJR model which is similar to EGARCH 

and additionally introduced a dummy variable to the GARCH-M model which can then address 

seasonal effects.  Although these GARCH models were created to adjust for a variety of factors, 

Zivot and Wang (2006) point out there remains one erroneous assumption about forecast models.  
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Models are not constant over time, and the economic environment changes over time; thus, it is 

not wise to assume that any parameter developed in a model is constant. 

In this study, we use GJR GARCH models to study the asymmetric conditional volatility 

of dairy commodities. The incorporation of a dummy variable assists in whether negative shocks/ 

news increases volatility more than positive shocks.  Furthermore, the GJR GARCH model 

identifies if the leverage effect is significant.   

Under the GJR GARCH model: 

𝜎𝑡
2 = 𝛼0 + 𝛼1𝜇𝑡−1

2 + 𝛽𝜎𝑡−1
2 + 𝛾𝜇𝑡−1

2 𝐼𝑡−1   t=1.,,,.T             (12) 

Where:  

 𝐼𝑡−1 = 1𝑖𝑓𝜇𝑡−10𝑎𝑛𝑑0𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒. 

To investigate the price comovement and volatility spillover, we first study the time 

series features of all dairy commodity returns, including stationary and autoregression and 

moving average (ARMA).  

We apply the Lagrange Multiplier (LM) test to test for autoregressive conditional 

heteroskedasticity (ARCH) effects. If ARCH effects are present, we estimate a GARCH effect in 

the model. Besides the GARCH (1,1) model, we also use an asymmetric GARCH specification 

to help distinguish how volatility changes conditional on whether there is "good" news (price 

increase) and "bad" news (price decrease) in previous time period. We test several popular 

asymmetric GARCH mode specifications and find similar results across these alternatives. As 

such, the results reported in this study are from GJR GARCH (1,1) specifications.  

To test the price comovement, that is, a change in price of one commodity impacting the 

change in another commodity and volatility correlation, we use a dynamic conditional 

correlation (DCC) multivariate GARCH (MGARCH) model. MGARCH allows the conditional 
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mean to follow a vector autoregressive (VAR) structure. This model is preferred to the constant 

conditional correlation (CCC) specification given that the conditional correlations among dairy 

commodity prices were found not to be constant over time.  

The general MGARCH model can be written as: 

 𝑌𝑡 = 𝐶X𝑡 + 휀𝑡   t=1, …, T                   (13) 

 휀𝑡 = 𝐻𝑡

1
2⁄ 𝜈𝑡    t=1, …,T                      (14) 

 

Where Y is a vector of daily returns of different dairy commodity, C is a parameter matrix, H is 

the time-varying conditional covariance matrix. X is vector of explanatory variables, namely, 

CRB, S&P500, dollar index returns (dol_ind), and short-term interest rate (int_ret) as well as the 

lagged depended variables. H is the Cholesky factor of the time-varying conditional covariance 

matrix, and vt is the i.i.d innovations.  

MGARCH model is dynamic multivariate regression in which the conditional variance 

and covariance of the error terms follow an autoregressive-moving-average structure. We use 

MGARCH to investigate the time-varying conditional correlations among dairy futures returns.  

           Since the DCC MARCH model cannot estimate error term with asymmetrical covariances, 

we use the BEKK multivariate GARCH time series specification provided by Engle and Kroner 

(1995). The BEKK model can be used to describe volatility spillovers across time as well as the 

direction of volatility spread.  In BEKK-MGARCH model, the conditional covariance matrix is 

expressed: 

𝐻𝑡 = 𝑊′𝑊 + 𝐴′휀𝑡−1휀𝑡−1
′ 𝐴 + 𝐵′𝐻𝑡−1𝐵𝑡 = 1,… , 𝑇            (15) 
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Where W is matrix for long-run variance, A and B are parameter matrices capturing ARCH and 

GARCH effects, respectively. The off-diagonal elements in H represent the volatility spillover 

effects across different dairy commodities.      

Results 

Table 1 shows that the average return of butter is negative and significantly below 0, 

while others are positive, but only cheese average return is significantly different from 0. Trading 

volume, or average contracts sold, for Class III milk is the largest, 92.41, amongst all dairy 

commodities. Dry whey, the thinnest market, has 3.27 average trades. Likewise, Open Interests, 

or contracts still seeking a market, are similar to Volume; suggesting an overall very thin and 

illiquid market. The relatively small standard errors of traded volumes, for instance, butter at 

0.32, cheese at 0.89, suggest that any given days’ trading volume is consistent with the next.  

 

Table 1 Summary Statistics of Daily Returns, Trading Volume,and Open Interests 

Class III milk futures data begin Jan. 2000, Butter Sept. 2005, Dry Whey March 2007, and Cheese June 2010.  All 

data end April 2020, prior to the start of the COVID-19 pandemic.  Return is the continuous return. Volume 

represents a consummated trade of a futures dairy contract, and Open Interest represents a contract that has not been 

filled. 

Commodity Return Volume Open Interest 

 Mean Std Error Mean Std Error Mean Std Error 

Butter -0.0003*** 0.0001 9.48 0.32 813.22 6.02 

Cheese 0.0002** 0.0001 25.48 0.89 2322.97 28.84 

Dry Whey 0.0003 0.0002 3.27 0.12 404.60 3.44 

Class III 0.0001 0.0001 92.41 1.59 3166.95 25.93 
Note. Single (*), double (**), and triple (***) asterisks denote significance at 0.10, 0.05, and 0.01 levels, 

respectively.  

 

The correlation analysis, Table 2, indicates that butter, cheese, milk, and dry whey returns 

are positively correlated. The correlation coefficients are all significant except for butter and dry 
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whey. Cheese and Class III milk are highly correlated (coefficient of 0.856), followed by Class 

III milk and dry whey (coefficient of 0.224), milk and butter (coefficient of 0.149), cheese and 

butter (coefficient of 0.093), and butter and dry whey (coefficient of 0.036). These results are as 

expected since the majority of milk production is used for cheese production and milk is the 

fundamental commodity for other dairy products. Short-term interest rate is negatively correlated 

to dairy futures returns, as expected. However, the correlation is not significant for dry whey and 

milk. The CRB index return is positively correlated to dairy futures returns, but only significant 

for butter and milk. We do not find that dairy futures returns move with market returns (S&P 500 

composite index) and with US dollar index returns. Our results indicate that, in general, the 

macroeconomics variables do not correlate strongly with the dairy commodities futures returns.  
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Table 2 Correlation Coefficients of Dairy Product Returns, Class III Milk Returns and Selected 

Macroeconomic Factors 

This table presents the correlation coefficient matrix  among dairy commodities continuous returns, and four 

macroeconomic variables. DTB3 is the 3-month short-term treasury bill rate. SP500 is the S&P 500 index returns; 

CRBret is the return of CRB index; DXYret is the return of US dollar index.  

  Butter Cheese Class III Dry Whey DTB3 SP500 CRBret 
        

Cheese 0.093***       

 (0.000)       

        

Class III 0.149*** 0.856***      

 
(0.000) (0.000)      

Dry Whey 0.036 0.061*** 0.224***     

 (0.040) (0.002) (0.000)     

        
        

DTB3 -0.049*** -0.047** -0.025 -0.006    

 (0.003) (0.021) (0.051) (0.719)    

        

SP500 0.024 0.015 -0.001 0.006 0.001   

 (0.155) (0.465) (0.967) (0.725) (0.942)   

        

CRBret 0.085*** 0.006 0.033*** 0.026 0.006 0.130***  

 (0.000) (0.776) (0.011) (0.133) (0.669) (0.000)  

        

DXYret -0.013 -0.004 -0.019 -0.001 0.005 -0.026 -0.188*** 

  (0.440) (0.835) (0.144) (0.951) (0.723) (0.044) (0.000) 

Note. Single (*), double (**), and triple (***) asterisks denote significance at 0.10, 0.05, and 0.01 levels, 

respectively. Standard error in parentheses. 

 

As shown in Figure 3, the dairy commodities returns exhibit typical clustering of large 

price changes as in most financial time-series data, which indicates conditional 

heteroskedasticity. Dry whey shows the largest price variation with more frequent clustering. 

Butter has the second-largest price changes. Milk and cheese have a similar return pattern over 

time. We also observe that the price variation increases dramatically for all except for dry whey 

in early 2020, which is at the beginning of the Covid-19 pandemic.  
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Figure 3 Time Series Plot of Daily Commodity Returns                                                                                                                                       

 

Note. The timeline for all four commodities within the figures begins 1/1/2000. However, the sample period starts 

on the respective first day of trading of each dairy futures when offered at the CME (class III Jan. 2000, butter Sept 

2005, Dry Whey Mar. 2007, Cheese June 2010) and ends on the last trading day of March 2020.The continuous 

returns are calculated using equations (5) and (6) above.  

 

Table 3 presents the realized futures volatility (RV) of the three dairy commodities and 

Class III milk on a weekly and monthly basis. We report RVs for all five different return metrics. 

We observe that dry whey always has the highest realized volatility across different return 

metrics, both weekly and monthly. Under the rolling return method, the butter RVs become the 

lowest one, while it is the second-lowest one when other return metrics used. Since our summary 

analysis of return and volatility indicates similar patterns among different return metrics, we 
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report our following results using continuous returns to make our paper manageable. The results 

from other return metrics are available upon request.  

 

Table 3 Average Weekly (Panel A) and Monthly (Panel B) Realized Volatility Under Alternative 

Futures Return Calculation 

This table presents the realized futures volatility (RV) of the three dairy commodities and Class III milk on a weekly 

and monthly basis. We summarize the square of daily return for each calendar week and calendar month and then 

take average over the testing period. We report the RV for each return metric. 

Panel A: Weekly RV     

Variable Con Ret Weighted vol 

Weighted 

OI Rolling vol Rolling OI 

Butter 0.009 0.044 0.014 0.013 0.014 

Cheese 0.006 0.037 0.013 0.016 0.015 

Dry Whey 0.015 0.095 0.023 0.021 0.021 

Class III 0.008 0.036 0.016 0.019 0.017 

      

Panel B: Monthly RV     

Variable Con Ret Weighted vol 

Weighted 

OI Rolling vol Rolling OI 

Butter 0.022 0.097 0.033 0.030 0.034 

Cheese 0.016 0.083 0.028 0.036 0.034 

Dry Whey 0.037 0.212 0.054 0.049 0.050 

Class III 0.019 0.079 0.037 0.043 0.038 
Note. Where Con Ret equals continuous returns (eq. 5); Weighted equals weight-average (eq. 7); and Roll equals 

Rolling Day (eq. 6). Vol equals traded volume or contracts sold and OI equals Open Interest or unsettled contracts. 

 

Figure 4 shows the variation of monthly realized volatility (RV) of continuous returns 

over our sample periods. We do not present the weekly RV and the other return metrics because 

the patterns are very similar. We find that RV of cheese and milk are remarkably similar, while 

RV of butter is more volatile over time.  
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Figure 4 Time-Varying RV for the Three Dairy Commodities and Class III Milk Over the Sample 

Period                                                                                                                                      

 

Note. The timeline for all four commodities within the figure begins 1/1/2000. The sample period starts on the 

respective first day of trading of each future when offered at the CME (class III Jan. 2000, butter Sept 2005, Dry 

Whey Mar. 2007, Cheese June 2010) and ends on the last trading day of March 2020.  

 

Interestingly, we find the RV of milk decreases dramatically after 2007 and stays 

relatively stable until the beginning of 2020.  

Table 4 reports the correlation coefficients among the realized volatilities of different 

commodities futures for both monthly and weekly. As expected, we find that milk and cheese 

have a correlation coefficient of over 0.9. Butter and cheese have the second strongest correlation 

with coefficient of 0.354. Dry whey's volatility has low correlations with others. The strongest 

coefficient for dry whey is with butter as 0.242 and 0.084/0.082 for cheese/milk.   

 

 



VOLATILITY IN THE U.S. DAIRY MARKET 27 
 

  

Table 4 Correlation Coefficients Between the Three Dairy Commodities and Class III Milk 

Using Continuous Returns 

This table reports the pairwise correlation coefficients among butter, cheese, milk, and dry whey. We show the 

results for both weekly and monthly RV using different return metrics. 

  

  Realized volatility (monthly)   Realized volatility (weekly) 

Variable Butter Cheese Class III  Butter Cheese Class III 

Cheese 0.354***    0.354***   

 (0.000)    (0.000)   
Class III 0.248*** 0.901***   0.369*** 0.905***  

 (0.001) (0.000)   (0.000) (0.000)  

Dry Whey 0.242*** 0.084 0.082  0.217*** 0.273*** 0.297*** 

  (0.002) (0.364) (0.304)  (0.000) (0.000) (0.000) 
Note. Single (*), double (**), and triple (***) asterisks denote significance at 0.10, 0.05, and 0.01 levels, 

respectively. Standard error in parentheses. 

 

Our descriptive analyses indicate that dairy commodities returns and volatilities are 

correlated. Class III milk and cheese have an extremely strong correlation for both returns and 

volatility. Since a big portion of milk is used to produce cheese and the price of milk is largely 

determined by cheese, milk and cheese behave remarkably similarly. Our results also suggest 

that the volatility of returns is conditionally heteroskedastic.   

To better understand the time series properties, we perform further time series analysis of 

dairy futures returns. We first use the augmented Dickey-Fuller statistic to test stationary for a 

unit root in the return series. The results in Table 5 suggest that all return series are stationary. 
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Table 5 Augmented Dickey-Fuller Test for Stationary 

This table represents the ADF test results for butter, cheese, dry whey, and class III milk utilizing 5 different return 

matrices. Con Ret is continuous return, Weighted return, and Rolling return. Vol is traded volume or contracts sold 

and OI is open interests. 

Variable Con Ret Weighted vol 

Weighted 

OI Rolling vol Rolling OI 

Butter -52.760 -85.574 -45.621 -48.998 -45.272 

Cheese -46.198 -71.879 -45.616 -46.474 -46.476 

Dry Whey -55.834 -82.137 -46.685 -56.488 -57.126 

Class III -78.030 -94.756 -65.207 -69.883 -69.919 
Note. 95% Critical value for the augmented Dickey–Fuller statistic is -2.8632 

 

In the next step, we test autoregression and moving average of daily returns using the 

ARMA model. As shown in Table 6, all return series exhibit a significant AR (1) process, while 

others exhibit MA (1) process. In our following analysis, we use AR (1) when applicable. The 

time-series properties are very similar for different return metrics.  
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Table 6 Time Series Analysis of Returns Under Alternative ARMA Specifications 

This table presents a time series analysis using autoregressive (AR) and moving average (MA) of daily returns for butter, cheese, dry whey,  

and milk. Con Ret is Continuous return (eq.5), Weighted Return is (eq.7), Rolling return is (eq.6). Vol is traded volume and OI is Open Interest.  
 

 

Variable   Con Ret Weighted Ret (Vol) Weighted Ret (OI) Rolling Ret (Vol) Rolling Ret (OI) 

  
ARIMA AR ARIMA AR ARIMA AR ARIMA AR ARIMA AR 

Butter AR(1) 0.151 * 0.133 *** 0.131 *** -0.344*** 0.205*** 0.279*** 0.15*** 0.207*** 0.185*** 0.282*** 

  
(0.084) (0.008) (0.020) (0.008) (0.037) (0.006) (0.047) (0.009) (0.036) (0.008) 

 
MA(1) -0.018 

 
-0.576 *** 

 
0.08** 

 
0.059 

 
0.105*** 

 

  
(0.086) 

 
(0.017) 

 
(0.039) 

 
(0.049) 

 
(0.040) 

 

Cheese AR(1) -0.40 *** 0.069 *** 0.15 *** -0.378*** -0.354*** 0.083*** -0.352** 0.063*** -0.405*** 0.061*** 

  
(0.152) (0.011) (0.021) (0.011) (0.133) (0.014) (0.150) (0.011) (0.112) (0.010) 

 
MA(1) 0.473 *** 

 
-0.665 *** 

 
0.451*** 

 
0.42*** 

 
0.483*** 

 

  
(0.148) 

 
(0.017) 

 
(0.129) 

 
(0.148) 

 
(0.109) 

 

Dry Whey AR(1) 0.075 0.027 ** 0.087 *** -0.383*** 0.356*** 0.205*** 0.093 0.018 0.985*** 0.007 

  
(0.669) (0.013) (0.020) (0.010) (0.061) (0.011) (0.803) (0.012) (0.016) (0.013) 

 
MA(1) -0.048 

 
-0.662 *** 

 
-0.158** 

 
-0.074 

 
-0.979*** 

 
  (0.670)  (0.017)  (0.066)  (0.804)  (0.019)  

Milk AR(1) -0.263 * 0.052 *** 0.15 *** -0.301*** -0.307** 0.065*** -0.134 0.084*** 0.064 0.079*** 

  
(0.159) (0.006) (0.026) (0.009) (0.125) (0.010) (0.104) (0.008) (0.109) (0.008) 

 
MA(1) 0.318 ** 

 
-0.52 *** 

 
0.38*** 

 
0.221** 

 
0.015 

 

    (0.158)   (0.024)   (0.123)   (0.102)   (0.108)   

Note. Single (*), double (**), and triple (***) asterisks denote significance at 0.10, 0.05, and 0.01levels, respectively. Standard error in parentheses.
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Next, we move on to test for autoregressive conditional heteroskedasticity (ARCH) 

effects. We use Engle's Lagrange multiplier (LM) test for the presence of ARCH for various 

return series. Our results are presented in Table 7. As the results indicate, we observe a strong 

ARCH effect in our return series.  

 

 

Table 7 Engle's LM test for ARCH Effects Under Alternative Return Definitions 

This table present the Engle’s Lagrange multiplier test for 5 different return matrices. Con Ret is Continuous return, 

Weighted is weighted average and Rolling is Rolling return. Vol is Traded volume and OI represent Open Interest. 

For each dairy commodity we test past three lags for ARCH effects. 

Variable   Con Ret Weighted vol Weighted OI Rolling vol Rolling OI 

Butter 

lag(1) 236.97 290.84 137.59 236.97 592.63 

lag(2) 295.33 317.01 152.09 295.33 619.85 

lag(3) 345.51 353.49 160.89 345.51 624.28 

Cheese 

lag(1) 116.30 304.22 39.44 290.36 279.03 

lag(2) 143.54 282.66 66.42 315.38 320.21 

lag(3) 151.62 319.58 71.46 415.40 421.26 

 lag(1) 6.32 345.67 78.74 43.55 14.16 

Dry Whey  lag(2) 6.16 435.61 92.22 45.27 15.65 

 lag(3) 6.13 509.12 94.40 47.83 16.84 

Milk 

lag(1) 932.48 572.18 82.49 480.55 484.34 

lag(2) 1050.12 585.51 102.53 543.92 540.37 

lag(3) 1079.52 665.20 113.91 569.02 597.02 

 

We test a wide range of GARCH models. The results are consistent. We report GARCH 

(1,1) with AR (1) process with the macroeconomics variables as independent variables. Table 8 

shows the GARCH (1,1) and GJR GARCH (1,1) for continuous returns. The results show that all 

dairy commodity futures return positively (comove) with the CRB index returns, yet only 

significantly for butter and dry whey. All commodity returns are negatively correlated to short-



VOLATILITY IN THE U.S. DAIRY MARKET 31 
 

  

term interest rates, but only butter is significant at 5% level. The AR(1) process results show that 

all commodity futures return also exhibit a significant autoregressive effect.  

The analysis of the mean reveals that butter, cheese, and milk have a similar return 

pattern and are impacted by the macroeconomic variables in a similar way. However, dry whey 

futures seem different from the other three. Importantly, the results show the dairy commodities 

behave differently from other commodities.  

The ARCH and GARCH estimates are all statistically significant. The coefficients of 

ARCH term for butter, cheese, and class III milk are 0.266,0.259, and 0.279, respectively. 

Compare to the coefficients of GARCH term (0.407, 0.302, and 0.334), it shows that butter, 

cheese, and class III milk futures do not exhibit a strong long memory process. In other words, 

the volatility is not highly persistent since it is impacted by the shock from last month at the 

same magnitude. However, dry whey shows a totally different pattern. The ARCH term is only 

0.038, while GARCH term is 0.947. It indicates past volatility has a long persistent impact on 

future volatility.  

Panel B in Table 8 presents the results of asymmetric GARCH analysis using the GJR 

model. The estimates are consistent with GARCH model in panel A. However, the TARCH term 

reveals there is a significant difference among the daily commodities in response to positive or 

negative news. Butter and cheese show the positive news (price increase) results in an increased 

volatility. The impact on butter is much larger than on cheese (0.278 vs. 0.095). Alternatively, 

volatility of milk and dry whey increases when there is a negative news (price drop), and the 

negative impact is much larger for Class III milk.  
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Table 8 GARCH (1,1) and GJR-GARCH (1,1) Results 

Panel A of Table 8 presents the GARCH (1,1) (eq.11) for butter, cheese, dry whey and class III milk utilizing 

Continuous Returns for various macroeconomic variables. CRBret is the CRB index, DXYret is the Dollar Index, 

SP500 is the S&P 500 index, and DTB3 represents the short-term interest rate. Panel B presents the GARCH 

analysis using the GJR model with a TARCH term (eq.12).  

Panel A: Continuous returns    

  Variables Butter Cheese Dry Whey Class III 

Mean 

Equation 

CRBret 
0.048*** 0.015 0.078** 0.021 

(0.015) (0.022) (0.038) (0.013) 

DXYret 
0.016 -0.009 0.021 -0.017* 

(0.014) (0.016) (0.027) (0.01) 

SP500 
0.006 0.007 -0.009 0.002 

(0.005) (0.007) (0.012) (0.005) 

DTB3 
-0.013** -0.022** -0.014 -0.006** 

(0.006) (0.011) (0.013) (0.003) 

Constant 
0.000*** 0.000*** 0.001*** 0.000*** 

(0.00) (0.00) (0.00) (0.00) 

ARMA AR(1) 
0.112*** 0.071*** 0.038** 0.054*** 

(0.024) (0.027) (0.017) (0.02) 

Variance 

Equation 

ARCH(1) 
0.266*** 0.259*** 0.036*** 0.279*** 

(0.014) (0.024) (0.002) (0.015) 

GARCH(1) 
0.407*** 0.302*** 0.947*** 0.334*** 

(0.02) (0.034) (0.003) (0.019) 

Constant 
0.000*** 0.000*** 0.000*** 0.000*** 

(0.00) (0.00) (0.00) (0.00) 

Note. Single (*), double (**), and triple (***) asterisks denote significance at 0.10, 0.05, and 0.01 levels, 

respectively. Standard error in parentheses. 
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Panel B: GJR model    

  Variables Butter Cheese Dry Whey Milk 

Mean 

Equation 

CRBret 
0.044*** 0.014 0.061 0.019 

(0.015) (0.022) (0.038) (0.013) 

DXYret 
0.012 -0.009 0.015 -0.018* 

(0.013) (0.016) (0.026) (0.01) 

SP500 
0.005 0.007 -0.007 0.003 

(0.004) (0.006) (0.012) (0.006) 

DTB3 
-0.012** -0.022* -0.009 -0.005* 

(0.005) (0.011) (0.012) (0.003) 

Con 
0.000*** 0.000*** 0.000*** 0.000*** 

(0.00) (0.00) (0.00) (0.00) 

ARMA AR(1) 
0.108*** 0.074*** 0.032** 0.053*** 

(0.023) (0.027) (0.016) (0.02) 

Variance 

Equation 

ARCH(1) 
0.146*** 0.212*** 0.072*** 0.338*** 

(0.012) (0.033) (0.004) (0.023) 

TARCH(1) 
0.278*** 0.095** -0.064*** -0.111*** 

(0.024) (0.044) (0.005) (0.028) 

GARCH(1) 
0.419*** 0.292*** 0.937*** 0.325*** 

(0.019) (0.037) (0.003) (0.019) 

Constant 
0.000*** 0.000*** 0.000*** 0.000*** 

(0.00) (0.00) (0.00) (0.00) 

Note. Single (*), double (**), and triple (***) asterisks denote significance at 0.10, 0.05, and 0.01 levels, 

respectively. Standard error in parentheses. 

 

To examine the dairy futures returns comovement and volatility correlation among 

commodities, we use multivariate GARCH model to consider time-varying variance-covariance 

matrix to measure the interdependence structure across dairy commodities. Since our results 

suggest that there is a strong correlation between cheese and Class III milk futures returns 

(please see Table 2 & Table 4), we exclude Class III milk from our MGARCH model due to the 

concern of collinearity. In Table 9, we show the results from MGARCH model estimations. The 

MGARCH model are, in general, consistent with the individual GARCH results in Table 8. All 

future returns have significantly positive ARCH and GARCH effects. Notably, dry whey has a 

very strong GARCH (.9582) which means prior price volatility has a long memory. Cheese 
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returns are negatively influenced by short-term interest rates (DTB3) while butter correlates 

positively with the CRB index. The returns of dry whey are not significantly influenced by any 

macroeconomic variables.  

 

Table 9 MGARCH Parameter Estimates Via the DCC Method (date>18Jun2010) 

Table 9, presents the results from MGARCH model estimates for butter, cheese, and dry whey using various 

macroeconomic variables; DTB3 is short-term interest, SP500 represents the S&P 500 index, CRBret is the CRB 

index and DXYret is the Dollar Index. 

Main estimates 
   

  Variable Butter Cheese Dry Whey 

Main 

Equation 

DTB3 -0.0040 -0.0206** -0.0173 

 (0.0110) (0.0086) (0.0219) 

SP500 0.0074 0.0079 -0.0089 

 (0.0097) (0.0057) (0.0119) 

CRBret 0.0739*** 0.0046 0.0383 

 (0.0261) (0.0061) (0.0523) 

DXYret 0.0147 -0.0146 -0.0328 

 (0.0258) (0.0119) (0.0395) 

CON -0.0002 0.0003*** 0.0005** 

  (0.0001) (0.0001) (0.0002) 

Variance 

Equation 

ARCH(1) 0.2902*** 0.2662*** 0.0343*** 

 (0.0404) (0.0332) (0.0056) 

GARCH(1) 0.4584*** 0.3053*** 0.9582*** 

 (0.0603) (0.0551) (0.0071) 

CON 0.0000*** 0.0000*** 0.0000*** 

  (0.0000) (0.0000) (0.0000) 

Note. Single (*), double (**), and triple (***) asterisks denote significance at 0.10, 0.05, and 0.01 levels, 

respectively. Standard error in parentheses. 

 

 

 

In Table 10, we incorporate the lagged variables in our MGARCH model to introduce the 

AR(1) process in our analysis. All commodities continue to show positive and significant ARCH 
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and GARCH estimates. Dry whey also continues to exhibit a very strong GARCH estimate 

(.9181). After controlling for autoregression effects, the impacts of macroeconomics variables on 

dairy commodities returns are similar as before. Lagged butter (L.Butter) return has a positive 

and significant interaction to butter (.1164) and an opposite relationship with cheese (-0.050). 

The bi-directional interaction suggests that the two markets (butter and cheese) act independently 

from one another; suggesting market participants compete for common resources (i.e. butterfat). 

The lagged cheese return exhibits a positive and significant relationship with butter (0.0849) and 

with cheese returns (0.0815). Lagged dry whey has a significant and positive interaction with 

cheese (0.0185). We do not observe any correlation between butter and dry whey.  

Panel B of Table 10 shows the dynamic conditional correlation matrix from our DCC 

MGARCH model. As shown in the table, all correlations are positive and significant; however, 

they appear to be weak. The highest correlation coefficient is between butter and cheese with a 

coefficient of 0.1066.   
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Table 10 MGARCH Parameter Estimates Via the DCC Method (date>18Jun2010) Including 

Lagged Variables 

Panel A present the results from MGACH model with a lagged component for butter, cheese, and dry whey using 

various macroeconomic variables; DTB3 is short-term interest, SP500 represents the S&P 500 index, CRBret is the 

CRB index and DXYret is the Dollar Index. L.Butter is lagged butter, L.Cheese is lagged cheese, etc... 

Panel A: Main estimates    

  Variable Butter Cheese Dry Whey 

Main 

Equation 

DTB3 0.0002 -0.0203** -0.0167 

 (0.0108) (0.0084) (0.0217) 

SP500 0.0108 0.0067 -0.0079 

 (0.0107) (0.0062) (0.0151) 

CRBret 0.0775*** 0.0162 0.0371 

 (0.0268) (0.0190) (0.0454) 

DXYret 0.0211 -0.0128 -0.0197 

 (0.0232) (0.0153) (0.0370) 

L.Butter 0.1164*** -0.0500*** -0.0063 

 (0.0279) (0.0139) (0.0293) 

L.Cheese 0.0849*** 0.0815*** 0.0158 

 (0.0268) (0.0277) (0.0428) 

L.Dry Whey 0.0005 0.0185** 0.0156 

 (0.0110) (0.0081) (0.0246) 

CON -0.0002* 0.0003*** 0.0005** 

    (0.0001) (0.0001) (0.0002) 

Variance 

Equation 

ARCH(1) 0.2604*** 0.2890*** 0.0645*** 

 (0.0357) (0.0369) (0.0140) 

GARCH(1) 0.5117*** 0.2846*** 0.9181*** 

 (0.0573) (0.0565) (0.0177) 

CON 0.0000*** 0.0000*** 0.0000*** 

  (0.0000) (0.0000) (0.0000) 

 

Panel B results are provided by the DCC model and represent the three commodities correlated over time. 

 
Panel B: Conditional Correlation   

corr (butter, cheese) 0.1066*** 

 (0.0214) 

corr (butter, dry whey) 0.0681*** 

 (0.0217) 

corr (cheese, dry whey)  0.0767*** 

  (0.0217) 

Note. Single (*), double (**), and triple (***) asterisks denote significance at 0.10, 0.05, and 0.01 levels, 

respectively. Standard error in parentheses.  

We also investigate the time-varying dynamic conditional correlation from 2012 to 2020. 

We choose the starting point as 2012 because 2010 is the first year when all four dairy 
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commodities have futures return data (cheese starts trading in 2010), and we give roughly 2 years 

data for MGARCH to have enough data to estimate the model. Figure 5 shows the conditional 

correlations over time. Since MGARCH uses the recursive method, the correlation is the 

correlation using recursive observation. In other words, the correlation is calculated using all 

previous observation available before a time point.  

Figure 5 Dynamic Conditional Correlations Among Dairy Commodity Futures from 2012 to 

2020             

 

Cheese and Butter  

 

  

               

 

Butter and Dry Whey 

               

 

 

 

Cheese and Dry Whey 

 

 

 

 

Figure 5 clearly shows that the correlation among dairy futures returns increases from 

2012 to 2015, but starts decreasing thereafter except for dry whey and cheese. The correlation 

between dry whey and cheese increases until mid-2018, but decreases until the end of 2019. This 

jump is more evident than the other correlations. It seems the overall market volatility (such as 
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trade war with China and beginning of pandemic) increases the comovement of dairy futures 

markets.  

Table 11 presents the volatility spillover of the three dairy commodities. We omit Class 

III milk as in DCC MGARCH model. To show the asymmetric spillover, we apply MGARCH 

BEKK model. Each dairy futures have 2,460 observations for a total of 7,380 daily observations. 

The observation begins 18 June 2010 to April 1, 2020.  

In Table 11, the ARCH estimate presents the volatility spillover due to short-term (daily) 

shocks from one dairy futures to the other.  Not surprisingly, shocks in the butter market appear 

isolated to the butter market and do not appear to spill to cheese and dry whey. Similarly, shocks 

from cheese and dry whey markets do not appear to influence the butter market. This suggests 

that market participants within the butter futures market stand alone, meaning that they may not 

participate in the cheese or dry whey market. Interestingly, we find a significant bi-directional 

spillover effects between cheese and dry whey. A short-term shock due to the previous 

innovation in the cheese return has a positive impact to dry whey volatility (0.3267). Yet, a 

shock in the dry whey market has a negative impact to cheese (-0.0468) volatility. This suggest 

that market participants of dry whey possibly do not concern themselves with the cheese futures. 

Additionally, cheese market participants may not be in lock-step with dry whey market 

participants. The market tension between the commodities may exist because dry whey is a by-

product of cheese and whey’s demand may be driven by other market participants.  

The GARCH estimate presents the persistence of volatility spillover across dairy 

commodities. We find strong evidence of bi-directional volatility spillover between dry whey 

and butter (-0.11), and dry whey and cheese (-0.1822), at 1% significance level. Persistence 

within the cheese market appears to have no significant influence upon butter and dry whey. 
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However, the cheese is significantly affected by past volatility (0.5022), as is butter (0.3324). In 

summary, our results suggest each commodity exhibits significant ARCH and GARCH effects of 

their own, which is consistent with our DCC MGARCH model. More interestingly, we find the 

spillover effect mainly concentrates dry whey with the other commodities, and the spillover 

effects are bi-directional. Cheese does not show any volatility spillover to butter and dry whey 

for both ARCH and GARCH component.  
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Table 11 Asymmetric Volatility Spillover Via MGARCH BEKK Estimates (date>18Jun2010) 

Table 11 presents the correlation coefficient of asymmetric volatility spillover utilizing the MGARCH BEKK model 

for butter, cheese, and dry whey. The Variance variable represents long-term average volatility.  

BEKK    

  Coeff T stat  

Variance    

c1,1 0.9794*** 0.0541  
c1,2 0.1158 0.1077  

c1,3 0.2833** 0.1375  
c2,2 0.8242*** 0.1133  
c2,3 0.0334 0.2076  

c3,3 1.2560*** 0.1129  
ARCH    

α1,1 0.3042*** 0.0335  

α1,2 0.0220 0.0351 bi-directional 

α1,3 0.0696 0.0514 bi-directional 

α2,1 -0.0210 0.0274 bi-directional 

α2,2 0.3848*** 0.0305  

α2,3 0.3267*** 0.0439 bi-directional 

α3,1 -0.0181 0.0164 bi-directional 

α3,2 -0.0468** 0.0186 bi-directional 

α3,3 0.5084*** 0.0288  

GARCH    

β1,1 0.3324** 0.1448  
β1,2 0.2924* 0.1731 bi-directional 

β1,3 0.3390 0.2782 bi-directional 

β2,1 -0.0185 0.0964 bi-directional 

β2,2 0.5022*** 0.0861  

β2,3 -0.0926 0.1738  

β3,1 -0.1100*** 0.0411 bi-directional 

β3,2 -0.1822*** 0.0422  

β3,3 0.4077*** 0.0729  

    

AIC 10327.80   
Note. Single (*), double (**), and triple (***) asterisks denote significance at 0.10, 0.05, and 0.01 levels, 

respectively. Where 1 = butter, 2 = cheese, 3 = dry whey. 
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Discussion 

Price volatility should not be misconstrued with low and unprofitable prices. 

Unfortunately, both have persistently plagued the dairy industry and are being blamed, at least 

partially, for the demise of small family farms. Price volatility in the dairy market is a relatively 

new phenomenon. Before the late 1980s, milk price volatility was nearly non-existent. However, 

since the adoption of the new dairy pricing model beginning January 1, 2000, dairy market 

volatility has continued to plague market participants. If we hold one thing to be true: price 

volatility adds stress on market participants, and furthermore, it may discourage the addition of 

liquidity into the market. This study aims to explore the comovement of dairy commodities 

(milk, cheese, butter, and dry whey) price returns and correlations among price volatilities.   

Furthermore, we investigate how volatility spillover from one commodity to the others is 

due to either innovation of past returns or previous volatility. We utilize 5 different futures return 

models (continuous, weighted-average, rolling), to make our study more comprehensive. We 

find that all four commodity price returns and realized volatility are positively correlated 

amongst themselves. Although prior literature demonstrates that volatility of butter and class III 

milk is higher compared to other commodities, we show that price volatility of dry whey market 

is greatest.  

This study also investigates how dairy commodity returns are impacted by various 

macroeconomic variables. As the US milk supply continues to grow well beyond domestic 

consumption, commodity dairy markets are influenced by world markets. Our results suggest 

that although all dairy commodities are negatively correlated to the dollar index, it is not 

significant, which suggest that the US market is the dominant one in influencing dairy 

commodities returns and volatilities. Cheese and butter have a significant and negative 
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correlation to short-term interest rates. None of the dairy commodities align in any fashion to the 

S&P 500 index. Lastly, butter and milk have a positive and significant association with the CRB 

index. Since the dairy markets are unique and heavily regulated by the government, we do not 

anticipate dairy commodities returns are exposed to the market level variables as much as other 

more market-control commodities, such as oil, gold, etc. Our results also suggest that milk and 

cheese is more immuned to market variables than butter and dry whey.  In other words, butter 

and dry whey are more sensitive to overall market conditions.    

Utilizing Engle's Lagrange multiplier test (LM), we determine all dairy commodities 

have a strong ARCH effect in the return series. Using GARCH (1,1) models, we show that 

cheese, butter, and milk volatility are driven by both previous return innovation (ARCH effect) 

and previous volatility (GARCH effect.) The magnitude of GARCH effect is larger than 

magnitude of ARCH effect, but comparable. However, dry whey exhibits a dominant GARCH 

effect, which means the dry whey volatility is persistent and long-lived. On the other hand, the 

price innovation has virtually no effect on dry whey volatility. By incorporating a GJR GARCH 

(1,1) model, we find that butter and cheese react more strongly to "good" news and milk and dry 

whey react more strongly to "bad" news.  

To investigate the dairy commodities jointly with consideration of dynamic conditional 

heteroskedastic, we use dynamic conditional correlations (DCC) MGARCH model to study the 

interdependence across the dairy commodities. The time-varying conditional correlation from 

DCC model indicate that dynamic correlation among butter, cheese, and dry whey are significant 

but not strong (the coefficient is below 10%).  

Finally, we incorporate a BEKK model to capture the volatility spillover of dairy 

commodities. We find that the main spillover effects are between dry whey and other 
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commodities (butter and cheese), and the spillover is bi-directional. It seems that dry whey 

volatility negatively impacts butter and cheese volatility, while butter and cheese impact dry 

whey volatility positively. The bi-direction is found in both ARCH and GARCH effect. 

This study suggests that further research is needed in the commodities futures market for 

the presence of commodities with by-products that are also represented in the futures market, 

such as cheese and dry whey.  
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ABSTRACT 

 

The classified dairy pricing scheme under the Federal Milk Marketing Order (FMMO) 

and the cash settlement feature in the dairy commodity futures markets generate unique volatility 

patterns. This study shows that the USDA's weekly wholesale price announcement, commonly 

called the National Dairy Products Sales Report (NDPSR), influences futures prices and reduces 

volatility. Our results demonstrate that the volatility diminishes when a futures contract 

approaches expiration for all dairy commodities, including class III milk, cheese, butter, and dry 

whey. We provide further evidence that the dairy futures market responds to the USDA 

announcement by showing that trading volume and open interest are highest on the 

announcement days, and volatility peaks, for all dairy commodity futures, in-between the 

announcement days. Furthermore, we develop an information uncertainty measure to capture the 

information released by the USDA announcement. Using OLS regression models at the 

individual commodity level and VAR models considering the interdependences among dairy 

commodities, we show that the diminishing volatility is significantly correlated with the 

information uncertainty for all dairy commodities. Trading activities, such as trading volume and 
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open interest, also contribute to the diminishing volatility. The short-term interest rate impacts 

the volatility of butter, cheese, and milk, while dollar index impacts dry whey volatility. Our 

VAR results show that volatilities of butter and dry whey are more independent, while volatility 

of cheese shows a moderate impact from butter volatility. Our results are robust to different 

models and seasonality effects.  

Keywords: Dairy Futures; GARCH Volatility; USDA Announcements; Information  

Uncertainty 
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Introduction 

"Here is a concept which strikes to the heart of the farmer's problem. It does not concern 

itself directly or solely with prices - with what the farmer receives - but with his net income, 

his return, the only figure which is meaningful in determining his standard of living, 

particularly in this age of the cost-price squeeze. For the farmer, is the only man in our 

economy who has to buy everything he buys at retail - sell everything he sells at wholesale 

- and pay the freight both ways6." (Senator John F. Kennedy, Sept. 1960) 

Dairy commodities and fluid milk prices (class III milk) have experienced dramatic price 

swings since the early 1990s. For instance, as shown in Figure 6, in the 1980s the price of milk 

varied from $11.30 to $14.30 per hundred pounds (cwt) of milk produced. In the 2000s, after 

Federal Order Milk pricing reform was enacted, the month-to-month price variation would 

further expand from $11.00 to $21.90 cwt.  

  

 
6 Speech given by then-Senator John F. Kennedy, Sioux Falls, SD; National Plowing Contest, 9/22/1960.  
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Figure 6 Graph of Historical Annualized Class III Milk Price Volatility 

 

Note. Graph provided by U.S. Department of Agriculture. 

http://www.fmma30.com/ClassPrice/Class3&SupportPrices--1961-current.pdf 

 

Nguyen and Prokopczuk (2019) reported that butter and the all-milk price exhibit the 

highest price jump among 29 different commodity futures, including gas, gold, and oil. Over the 

years, the dairy industry has undergone a massive restructuring to respond to the increasing price 

volatility. For instance, in the late 1980s the average size of a dairy herd was about 80 cows; in 

2017 the average herd size was 1,300 cows. The number of licensed dairy herds in 2002 was 

74,100; by 2019 the number of herds had fallen to 34,187 – a loss of 54% of dairy farms between 

2002 to 2019. Furthermore, the US dairy herd population has contracted by nearly 1.8 million 

cows since the 1980s. However, the US farm milk production has risen on average 1.4% per 

annum in that same time frame – a testament to remarkable efficiency of yield per cow. Small 

family operated dairy farms are exiting at an alarming rate. The survivors are drastically 

expanding in size and become more efficient (Shields, 2009; Zhang & Ding 2018; Staugaitis, 

2019). For a more thorough review of dairy farm practices please refer to USDA, ERS ERR-274 

Consolidation in U.S. Dairy Farming.  

http://www.fmma30.com/ClassPrice/Class3&SupportPrices--1961-current.pdf
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The Economic Resource Service (USDA-ERS) also reports that 2014 was the last year a 

typical dairy farm was profitable7. Manchester and Blayney (2001) suggest that unpredictable 

price volatility creates difficulty for farmers to manage risk – thus, an impediment to 

profitability. Although price volatility has been a driving force in shaping dairy industry, there 

are not many researches focusing on the volatilities of a complete market-basket of dairy 

commodities. Staugaitis (2019) summarizes recent studies on dairy commodity futures research. 

The author reports a lack of empirical research in dairy commodities' price volatilities, especially 

for butter, cheese, and dry whey – the underlying determinants of the value of Class III milk.  

To understand the volatility pattern of dairy commodities, we need to consider the unique 

characteristics of dairy commodities, such as low liquidity, higher fragmentation and heavy 

governmental regulation. In this paper, we focus on how dairy futures markets respond to USDA 

wholesales reports under the Federal Milk Marketing Order (FMMO)8 pricing scheme. As one of 

the most important government regulations, FMMO establishes a pricing scheme to determine 

prices of dairy commodities, namely, cheese, butter, and dry whey. These commodity prices, in 

turn, are used to determine the minimum milk price9 paid to dairy farmers. These prices are also 

used as the final settlement prices for the cash-settled dairy futures contracts each month when 

they mature. The FMMO pricing scheme uses wholesales prices and volumes reported by the 

 
7 USDA-ERS, ERR-274: Milk sales comprise about 90 percent of the gross value, which also includes revenue from 

selling culled milk cows and young calves, as well as the fertilizer value of manure produced by the dairy herd. 

Total costs include cash operating expenses, the annualized replacement costs of the farm’s capital, the costs of 

hired and family labor, and a share of farm overhead expenses. 
8 A detail explanation of the FMMO system can be found: CRS Report R402055, Dairy Market and Policy Issues. 
9 Essentially the intrinsic value of milk’s components, i.e., fat, protein and other solids, determine the value of a 

dairy producer’s milk. As such, Class III milk is defined as having a standardized composition of 3.5% fat and the 

96.5% skim portion is assumed to have 3.1% true protein and 5.9% other solids. 
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USDA, more specifically, National Dairy Products Sales Report (NDPSR)10, to compute the 

price of dairy products and price of milk. NDPSR report is published weekly.  

Futures contracts for Class III milk, cheddar cheese, butter and dry whey are traded on 

the Chicago Mercantile Exchange (CME). At the end of a contract11, in lieu of taking physical 

possession of the dairy product, each expiring dairy futures contract cash-settles to the FMMO 

price. Because the FMMO pricing scheme uses the USDA reported wholesale price and volume 

and the USDA report is published weekly, we expect that dairy futures markets will respond to 

the weekly reports; and the information released by the weekly reports will be incorporated in 

the futures prices, especially during the last month of the contract life when it is approaching to 

the settlement price.  Since it is difficult to directly measure the information content released by 

the USDA weekly reports, we take an intuitive and simple approach to calculate information 

uncertainty as an indirect measure. The information uncertainty is calculated as the absolute 

value of the difference between futures closing price and the price calculated using the FMMO 

pricing scheme with the most recent information released by the USDA announcement. Our 

argument is that if the dairy futures markets are forced to close to the FMMO price at the 

expiration, the information released in the latest report is complete and the information 

uncertainty on the last day should be 0. However, the information uncertainty before expiration 

date should be larger than 0 and it should be higher when it is farther away from the settlement 

date. Since the USDA announcement is published weekly, futures market closing price should be 

updated each week using the most recent information. Therefore, the information uncertainty 

 
10 NDPSR can be found at: https://usda.library.cornell.edu/concern/publications/zs25x847n?locale=en  
11 Futures trading terminates one business day prior to the known USDA final price announcement. 

https://usda.library.cornell.edu/concern/publications/zs25x847n?locale=en
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should be gradually diminishing until it reaches 0 at the expiration. To paraphrase Konrad 

Adenauer12, "I reserve the right to be smarter today than I was yesterday."  

The information uncertainty is similar to "price deviates" in Du and Dong (2016), who 

identify a positive relationship between trading activity and price volatility. However, they use a 

weighted average price and compare it to the FMMO price to define "price deviates." In our 

study, we used the closing daily price of the expiring contract. The main reason we choose the 

closing price of the expiring contract over the weighted average is that the expiring contract 

closing price will settle to the FMMO price. In other words, the information uncertainty for the 

last trading day of an expiring contract is 0, which is important to serve as the base for our 

information uncertainty measure. Weighted average price (Du and Dong, 2016) includes 12 

outstanding contracts, so it is more difficult to isolate the information released by the USDA 

announcement. In addition, Du and Dong (2016) focus on class III milk futures only. Our study 

covers three additional dairy products and class III milk. Furthermore, our study investigate 

interdependence among the four dairy commodities.  

To consider the time-varying conditional heteroskedasticity in dairy commodities futures 

returns, we use GARCH model volatility in this study. Ideally, for a more comprehensive study, 

we could include the realized volatility. However, we do not have access to the intraday trading 

data to compute daily realized volatility.   

We first show that dairy commodity futures volatilities behave differently from the well-

known Samuelson (1965) effect, which states that futures return volatility increases as the futures 

contract approaches its expiration.  Our results suggest that dairy futures volatility diminishes as 

 
12 Konrad Adenauer was the first chancellor of West Germany during the recovery from Nazi dictatorship and dealt 

with the Berlin wall and the cold war. 
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it approaches its expiration during the last month. The decreasing volatility is evident for all 

dairy products and class III milk, and it is robust over time. We attribute the decrease to the 

government regulated settlement price. Since the market knows that the price will settle to the 

FMMO price, and the FMMO price is determined by the wholesale price from the USDA weekly 

announcement, futures markets monitor the weekly information closely and incorporate the 

released information into the futures prices. To test this hypothesis, we study how the volatility is 

impacted by the information uncertainty controlling for trading activities and macroeconomics 

variables. We show a strong and robust evidence that the diminishing volatility is driven by the 

information uncertainty. The impact is found in all dairy commodities. Trading activities are also 

found to contribute to the decreasing volatilities. The macroeconomics variables show moderate 

impact on dairy volatility. We find the short-term interest rate is positively correlated to butter, 

cheese, and milk volatility, while the dollar index is negatively correlated to the dry whey 

volatility. The results are persistent after using different model, including OLS and VAR model, 

and controlling for seasonality effects. Our VAR results suggest that volatilities among dairy 

commodities do not interact with each other much. We also show that dry whey volatility is 

extremely persistent with long memory, while butter and cheese absorb the volatility shock more 

quickly.  

Our study shows that the USDA announcement plays an important role in calming down 

volatility when dairy futures contracts approach maturity. The gradually released weekly 

wholesale information through the FMMO pricing scheme is the main reason in reducing 

volatility for all dairy commodities. This study is important because it provides the evidence that 

the unique volatility characteristics of the dairy market is due to the government regulation and 
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the integrity of confidential pricing data. We also contribute to the futures research in general by 

showing how information can impact futures volatility.  

Literature Review 

As one of most regulated commodities, agriculture commodities are unique in their price 

determination and release of information to the public. Academic researchers as well as 

practitioners have concerned themselves with measuring price movements in agricultural 

commodities to public announcements (Karali, 2012). Ying et al. (2019) argues the statistical 

hypothesis tests have been limited by the sheer number of USDA announcements. The dairy 

industry is no exception. The USDA releases weekly dairy announcements every Wednesday 

and Friday13. These weekly reports entail very fresh information and are further complimented 

by a host of monthly supply and demand economic announcements.  

The overarching question is whether price reflects such information or is surprised by 

these price announcements. Kyle (1984) differentiates the market between informed and 

uninformed traders, the former as being larger and possibly yielding asymmetrical information 

compare to uninformed traders. Since the dairy futures markets are characterized as being 

relatively thin markets, we assume that traders are also market participants. When information is 

costly to obtain, publicly provided information – such as USDA provided information – tends to 

add information for price discovery.   

Milonas (1987) studies the impact of USDA crop announcements on corn, wheat, 

soybeans, soybean meal, and soy oil markets. The author conclude that price reflects all public 

 
13 Each Wednesday, the USDA releases the wholesale prices and sales volume of dairy commodities.  Each Friday, 

the USDA releases the Dairy Market News. They can be found at: 

https://usda.library.cornell.edu/concern/publications/zs25x847n?locale=en and https://www.ams.usda.gov/market-

news/dairy-market-news-weekly-printed-reports  

https://usda.library.cornell.edu/concern/publications/zs25x847n?locale=en
https://www.ams.usda.gov/market-news/dairy-market-news-weekly-printed-reports
https://www.ams.usda.gov/market-news/dairy-market-news-weekly-printed-reports
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information and only unanticipated changes in economic data can surprise the market. Xie et al. 

(2016) measured the effect of five major USDA announcements within the cotton industry. 

These reports include 1) Export Sales, 2) Crop Progress, 3) World Ag. Supply and Demand 

Estimates, 4) Prospective Plantings, 5) Cotton this Month. They suggest that only some reports 

had a significant impact on prices.  Adjemian et al. (2018) measure the impact of price volatility 

when a trading halt was eliminated for market participants to digest a USDA announcement, 

specifically, the USDA (Grain) Crop announcement. The findings concluded an increase in 

volatility was measurable; however, the volatility that did occur was short lived to within a few 

minutes. Indriawan et al. (2020) measure the impact of market quality – specifically, liquidity, 

volatility, and information asymmetry – before and after authorized early news releases to the 

media. Their results did not show a significant economic impact to a regulatory change. 

However, Clark (1973) discussed that with uncertain information, traders will shift direction.  

Another important feature of dairy commodities is that its pricing scheme is regulated by 

the USDA. The USDA uses weighted-average weekly wholesale prices of dairy commodities to 

calculate the value of butter, cheese, and dry whey. The values of such dairy products are then 

used to compute the minimum Class III milk price at the end of each contract month. The values 

of dairy products and price of class III milk are used as the settlement prices for dairy futures 

contracts. Typically, a contract month has either five or four weeks of pricing information. At the 

end of each business week, the USDA requires dairy manufacturers to report all wholesale sales 

information, including prices and volumes, for block cheddar cheese, barrel cheddar cheese, 

butter, and dry whey back to the USDA14. The USDA then releases the National Dairy Products 

 
14 All dairy Futures Contracts Specifications can be found at the CME Group website.  For instance, butter 

specifications can be found at: https://www.cmegroup.com/trading/agricultural/dairy/cash-settled-

butter_contract_specifications.html  

https://www.cmegroup.com/trading/agricultural/dairy/cash-settled-butter_contract_specifications.html
https://www.cmegroup.com/trading/agricultural/dairy/cash-settled-butter_contract_specifications.html
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Sales Report (NDPSR) on the following Wednesday. In this weekly announcement, the USDA 

also reports any revised sales information from the previous weeks (up to 4 weeks). Therefore, 

every NDPSR report has five weeks of historical wholesale sales information: the current week 

and the prior four. The data is published on the USDA website and is available to the public15. 

The national average wholesale price information is available for butter, 40-pound block cheese, 

barrel cheese (also adjusted to 38% moisture), and dry whey.  

It should be noted that other than Class III milk futures, the other dairy futures 

commodities of cheese, butter, and dry whey, are relatively new to the CME. Futures contracts of 

butter, dry whey, and cheese started trading in September 2005, March 2007, and June 2010, 

respectively. Therefore, until recently, an opportunity for a complete market-basket of dairy 

commodity futures that make up the value of class III milk has not been achievable.  

The price volatility is impacted by other variables, such as macroeconomic variables and 

trading activities. The study of price volatility utilizing endogenous factors (trading activities) 

have been researched in various applications and financial markets. Chatrath et al. (1996) 

demonstrate that trading activities and investor behavior in the futures market affect futures 

prices and volatility. Specifically, they correlate the level of traders as institutional market 

participants, speculators, or hedgers to trading activities. Ripple and Moosa (2009) communicate 

that open interest, that is, the number of open or unsettled futures contracts, can be used as a 

measure to explain volatility; however, the effect in their study had a negative correlation, unlike 

volume which was positively related. Bessembinder and Seguin (1993) show how trading 

volume impacts price volatility particularly in the presence of positive volume shocks which 

 
15 Weekly NDPSR can be found at: https://usda.library.cornell.edu/concern/publications/zs25x847n?locale=en  

https://usda.library.cornell.edu/concern/publications/zs25x847n?locale=en
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demonstrate a stronger relationship than negative shocks. Additionally, the study ties open 

interests as having a strong relationship to volatility. Therefore, utilizing both trading volume 

and open interests allow for a robust study of commodity price volatility within the dairy 

commodity market. Therefore, high price volatility is associated with high trading volume. 

Furthermore, large price changes may be associated with public (USDA) announcements which 

may encourage price revisions and increase volume.  

Many econometric models assume the error term to be homoskedastic, that is, the error 

term does not deviate over the time-series. However, financial time-series data, such as stock 

returns, exchange rates, and interest rates, usually exhibit time-varying variance over time 

(Tseng et al., 2011; Kim et al., 2020, among others.) That is, there are periods of high volatility 

clustered together, followed by periods of low volatility clustering. Engle (1982) developed the 

autoregressive conditional heteroskedasticity (ARCH) model to account for such time-varying 

variance of the error term.  The ARCH model and its extension, the generalized ARCH 

(GARCH) developed by Bollerslev (1986), have become the most influential models for 

studying conditional variance in time series data. The ARCH model has been used in the 

financial futures market extensively. For a more detailed discussion of ARCH modeling in 

finance, please see Bollerslev et al. (1992). 

Data and Methodology 

We obtain dairy commodity futures data set from Dairy & Food Market Analyst Inc.16 for 

Class III milk, cheese, butter, and dry whey. This dataset includes daily open, high, low, and 

closing prices, trading volume, and open interest. Each dairy futures contract has a 2-year 

 
16 We appreciate Matt Gould, Editor and Analyst, Dairy & Food Market Analyst Inc. for providing our data. 
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maturity term; therefore, 24 different contracts may be available in any time. For instance, butter 

contracts that mature in May 2020 were first offered in May 2018, or 24 months in advance. We 

denote contracts, when first offered 24 months in the rears, with Nearby index 24 (i.e., NB 24). 

As time moves forward in monthly increments, NB 24 becomes NB 23, NB 22, …, and 

eventually, NB 1 upon expiry.   

Our data begin January 2000 (class III milk), September 2005 (butter), March 2007 (dry 

whey), June 2010 (cheese), and ends April 2020 for all commodities. Wholesale prices and sales 

volumes are collected from USDA National Dairy Products Sales Report (NDPSR). The data is 

available electronically starting in April 2012. Our data period ends in April 2020. 

Information Uncertainty 

The timeline of the dairy futures contract in the final month before expiration is shown in 

Figure 7. We use a month with 5 weekly announcements as an example. 

 

Figure 7 Illustration of Timeline of NDPSR Weekly and Monthly announcement 

 

 

   

 

 

 

 

 

As shown in this figure, each week, typically on a Wednesday, the USDA releases the 

wholesale price and wholesale trading volumes (NDPSR) for each dairy commodity. 
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Theoretically, each time the new NDPSR report becomes available, we can calculate a price for 

each commodity using the FMMO pricing scheme. The price could be treated as if the price of 

the contract were settled today. We call this price the implied price. The implied price is updated 

each week, with the last week implied price being used as the settlement price for the contract at 

expiration.  

We develop an information uncertainty measure as: 

𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 = |𝐶𝑙𝑜𝑠𝑖𝑛𝑔𝑃𝑟𝑖𝑐𝑒𝑡 −𝐼𝑚𝑝𝑙𝑖𝑒𝑑𝑃𝑟𝑖𝑐𝑒𝑚𝑜𝑠𝑡𝑟𝑒𝑐𝑒𝑛𝑡𝑤𝑒𝑒𝑘|          (16) 

Here, the 𝐶𝑙𝑜𝑠𝑖𝑛𝑔𝑃𝑟𝑖𝑐𝑒𝑡is the daily closing price at day t.  

The 𝐼𝑚𝑝𝑙𝑖𝑒𝑑𝑃𝑟𝑖𝑐𝑒𝑚𝑜𝑠𝑡𝑟𝑒𝑐𝑒𝑛𝑡𝑤𝑒𝑒𝑘represents price calculated using the latest USDA 

announcement information. If the futures closing price is close to the implied price, it has less 

information uncertainty. If the closing price deviates from the implied price by a large amount, it 

means the market has higher information uncertainty.  We use the same method to calculate the 

information uncertainty for cheese, butter and dry whey, and then milk. The details of computing 

implied prices for each of the commodities are listed in Appendix A.  

Volatility 

The purpose of this study is to investigate the volatility pattern within the last month of 

the contract. Therefore, we need a daily volatility measure. Volatility is typically studied using 

GARCH type models, stochastic models, or realized volatility models. To obtain the daily 

realized volatility, we need intraday trading information. Since we do not have access to the 

intraday data, we focus on GARCH volatility in this study.  

Engle (1982) developed the autoregressive conditional heteroskedasticity (ARCH) 

model.  Assuming that the return on an asset is given by: 
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rt = µ + σtεt t=1,…,T               (17) 

 

where εt is a sequence of N(0,1) i.d.d. (independent and identically distributed) random variables. 

The residual term at time t, rt −µ, can be defined as: 

 at = σtεt    t=1,…,T                  (18) 

 

In the ARCH model, 

 

σ2
t = α0 + α1a

2
t−1   t=1,…,T                (19) 

 

where α0 > 0 and α1 ≥ 0 to ensure positive variance and α0, α1 < 1 to ensure the model is 

stationary. The returns are conditional on all information up to time t − 1 and are uncorrelated 

but not i.i.d. 

An extension of the ARCH model, the GARCH, or Generalized Autoregressive 

Conditional Heteroskedasticity model developed by Bollerslev (1986), introduces a moving 

average component which allows the model to capture the change in variance of errors 

(amplitude) as well as the time-dependent variances (frequency). In essence, GARCH improves 

the long lag disturbances of the ARCH process by incorporating a more flexible lag. 

Furthermore, the GARCH model asserts that the best predictor (forecast) for the next period is 

the weighted average long-run volatility plus the arrival of new information, which is measured 

as the most recent squared residual.   

In a GARCH (1,1) model we have: 

 

σ2
t = α0 + α1a 2t−1 + β1σ 2t−1  t=1,…,T                   (20) 
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Where: 

 α0>0, α1>0, β1>0, and α1 + β1<1. 

 

Time series returns of futures are more complicated than stock returns. Each futures 

contract has a unique expiration date, and multiple contracts with different expiration dates for 

the same commodity exist in the market simultaneously. The usual method is to use the prices of 

the contracts nearest to their maturity, i.e., NB 1. Since a future contract typically involves 

rolling over after one contract expires, we remove the matured contract's impact because the 

expiring contract's final settled price may be materially different from the opening price of the 

new contract. 

Following Diewald et al. (2015), we compute futures return as follows: 

𝑟𝑡+1
𝑛𝑜𝑟𝑚𝑎𝑙 = 𝑙𝑜𝑔

𝐹𝑡+1
(𝑁𝐵1)

𝐹𝑡
(𝑁𝐵1)  t=1,…,T                    (21)    

𝑟𝑡+1
𝑟𝑜𝑙𝑙 = 𝑙𝑜𝑔

𝐹𝑡+1
(𝑁𝐵1)

𝐹𝑡
(𝑁𝐵2)    t=1,…,T                      (22) 

Where equation 22 is for the day immediately after the expiration day. It is called a 

rolling day. Equation 21 is for any other business day. 𝐹𝑡+1
(𝑁𝐵1)

 and 𝐹𝑡
(𝑁𝐵2)

 denote the future close 

prices for NB 1 and NB 2 contract at time t. This method ensures all the returns are calculated 

using the price information for the same contract. 

Main Models 

We use two main models to study the impact of USDA announcement and trading 

activities on price volatility in this study. The first one is the OLS regression: 
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𝑉𝑜𝑙𝑡 = 𝛼 + 𝛽1 ∗ 𝐿𝑉𝑜𝑙 + 𝛽2 ∗ 𝐼𝑈𝑡 + ∑𝛾 ∗ 𝑇𝑟𝑎𝑑𝑖𝑛𝑔_𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑖𝑒𝑠𝑡 + ∑𝛿 ∗

𝑀𝑎𝑐𝑟𝑜𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐_𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠𝑡 + 휀𝑡                     (23) 

Where 𝑉𝑜𝑙𝑡 is the GARCH volatility at time t; 𝐿𝑉𝑜𝑙is the lagged volatility; 𝐼𝑈𝑡is the information 

uncertainty at time t; 𝑇𝑟𝑎𝑑𝑖𝑛𝑔_𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑖𝑒𝑠𝑡include the trading volume and open interest; 

𝑀𝑎𝑐𝑟𝑜𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐_𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠𝑡 include short-term interest rate, the dollar index, CRB index 

returns, and S&P 500 daily returns. We use month of year (i.e. Jan., Feb., … etc.) dummies in 

our model to control for seasonality effects. We conduct OLS regression at the individual 

commodity level. In other words, we run the regression for each commodity separately.  

Since dairy commodities are produced from the same raw milk, it is reasonable to expect an 

interdependence among our dairy commodities price volatility. To address such interactions, we 

apply a vector autoregressive (VAR) model. We use the dairy commodities' volatilities as 

endogenous variables and information uncertainty and trading activities as exogenous variables. 

A typical VAR model can be written as: 

 

𝒚𝑡 = 𝒗 + ∑ 𝐴𝑖𝑦𝑡−𝑖 +
𝑝
𝑖=1 ∑ 𝐵𝑖𝑋𝑡 +

𝑝
𝑖=1 𝑢𝑡                           (24)                          

 

Here, yt is a vector of the daily volatility for butter, cheese, and dry whey.  

Since cheese and milk return and volatility are highly correlated (see essay 1), we 

exclude milk from our VAR mode due to the collinearity concern.  yt-i  is a vector of lagged 

volatilities. X is a set of exogenous variables, including the information uncertainty, trading 

activities, and macroeconomics variables. P is the number of lags; A and B are coefficient 

matrices.  
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Results 

Figure 8 shows the time series plot of GARCH volatilities for butter, cheese, milk, and 

dry whey. The most striking observation is that dry whey daily volatility is significantly different 

from the others. Butter, cheese, and milk volatility show a strong clustering effect. However, the 

daily volatility over time exhibits a more random pattern. On the other hand, dry whey volatility 

shows a strong persistence, which indicates a long memory in its volatility time series.   

 

Figure 8 Time Series Plots of Dairy Commodities GARCH Volatility 

 

 

Note. All commodities begin 1/1/2012 and end April of 2020 before the COVID-19 pandemic became widespread. 

 

Table 12 presents the daily average number of trades, open interest, and daily return for 

all four dairy commodities in each month of the year. The results show an apparent seasonality 

effect with more trading and volumes at the beginning and the end of the year. The results are 
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expected since dairy products, especially butter, are in high demand during holiday seasons, and 

butter also has a trading nuance17 associated with the CME rulebook. We do not observe any 

patterns in returns. Table 12 also shows that Class III milk is the most actively traded dairy 

commodity (average monthly traded volume with an average 44.6, open interest 1,078), followed 

by cheese, which is interesting because cheese futures is the newest dairy commodity to be 

traded (since June, 2010).  Class III milk is a raw material in all dairy commodities, and cheese 

production surpasses butter production. In 2020, cheese production was 13.19 billion pounds and 

butter production estimated to be 2.1 billion pounds. Dry whey (a by-product of cheese 

production) is further refined into a specialized dried dairy commodity.  Notably, volume and 

open interest appear to be relatively evenly dispersed throughout the calendar year; however, all 

commodities recognize a decrease in average daily activity (smaller trades) in June, July, and 

August. 

 

 

 
17 The CME requires that any butter traded on the spot (cash) market or delivered as part of a futures (physical delivery) contract settlement 

beginning March 1 of every year "...shall not have been produced or stored prior to December 1 of the previous year." The result is that the 
supply of butter eligible to be traded at the CME Group declines significantly every year between the last trading day in February and the first 

trading day in March. 
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Table 12 Daily Average Number of Traded Contracts, Open Interest, and Returns by Month 

This table presents average number of daily trades, open interests, and return for butter, cheese, dry whey (whey), and class III milk. The information is 

organized by calendar month. 

 

 Average number of daily trades  Average daily Open Interest  Average daily Return 

month butter cheese whey  Class III  butter cheese whey  Class III  butter cheese whey  Class III 

January 6.61 17.01 3.05 52.52  201.01 750.27 130.52     1,060.50   0.0004 0.0000 -0.0004 0.0004 

February 7.04 16.18 2.98 50.27  
228.27 761.97 132.47     1,125.03   -0.0001 0.0001 -0.0005 -0.0002 

March 5.55 17.43 2.16 46.89  
245.90 811.91 131.83     1,150.22   -0.0004 -0.0001 0.0001 0.0004 

April 5.16 14.66 1.71 43.55  
245.74 800.75 124.41     1,131.54   0.0008 0.0001 0.0013 0.0005 

May 5.07 11.70 1.75 42.82  
238.10 737.45 118.91     1,121.91   0.0008 0.0004 0.0005 0.0006 

June 4.37 14.40 1.75 46.46  
235.06 673.57 110.66     1,110.70   0.0002 0.0005 -0.0001 0.0001 

July 4.58 12.10 1.65 39.4  
229.95 620.72 103.50     1,067.95   0.0000 0.0001 0.0004 0.0005 

August 4.65 11.15 1.78 41.08  
221.00 599.62 102.49     1,045.59   0.0000 0.0001 -0.0004 -0.0005 

September 4.46 12.00 2.04 42.86  
204.62 601.78 106.92     1,042.92   -0.0003 -0.0003 -0.0005 -0.0002 

October 5.03 13.38 2.37 42.51  
187.88 622.59 111.36     1,021.13   0.0000 -0.0001 0.0002 -0.0002 

November 4.74 15.47 2.37 43.19  
180.10 665.87 118.46     1,026.60   -0.0001 -0.0003 0.0001 0.0002 

December 5.68 18.61 2.85 44.27  
182.42 734.56 129.25     1,037.56   -0.0005 -0.0001 -0.0007 -0.0002 

Average 5.24 14.49 2.2 44.61  
216.67 698.42 118.40     1,078.47   0.00007 0.00004 0.00001 0.0001 
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Table 13 depicts the average weekly trading activities, volatility, and information 

uncertainty for each dairy commodity in the final month of contract (NB 1). Typically, there are 

4 weeks in the last contract month (NB1). However, holidays and the number of weeks in a 

contract result in five trading weeks for some contracts. We also report average daily volatility, 

information uncertainty, and trading activities in Appendix C. Both weekly and daily averages 

reveal the same patterns. As the contract approaches maturity, the information uncertainty and 

trading volume are decreasing for all commodities. Volatility and open interest increase in the 

beginning and then decrease.  

 

Table 13 Trading Week to Trading Week (NB1); Volatility, Information Uncertainty, Volume, 

and Open Interest 

This table presents volatility, information uncertainty, traded volume and open interest for butter, cheese, milk, and 

dry whey in the final month of the contract (NB1). The information is further organized into either 4 or 5 trading 

weeks within the final contract month (NB1). 

  Butter   Cheese  
Weeks to 

Settlement  volatility 

Info. 

Uncertain Volume Open Int   volatility 

Info. 

Uncertain Volume Open Int 

            
0  0.0043 0.002 0.071 0.00   0.0031 0.000 0.846 0.00 

1  0.0044 2.781 7.348 973.32   0.0032 0.021 16.160 2639.89 

2  0.0049 5.783 7.838 1057.02   0.0033 0.041 26.127 2823.60 

3  0.0054 7.718 12.447 1052.85   0.0037 0.058 32.591 2796.64 

4  0.0062 9.372 14.974 1045.74   0.0045 0.074 41.462 2793.35 

5  0.0058 10.142 15.947 1024.04   0.0044 0.082 42.437 2663.08 
            

            

  Milk   Whey 

Weeks to 

Settlement  volatility 

Info. 

Uncertain Volume Open Int   volatility 

Info. 

Uncertain Volume Open Int 

            
0  0.0036 0.004 0.000 0.00   0.0083 0.003 0.154 0.00 

1  0.0037 0.207 81.230 3829.11   0.0088 0.538 2.008 466.39 

2  0.0038 0.408 119.114 4299.82   0.0092 1.007 3.532 504.45 

3  0.0042 0.582 145.289 4355.15   0.0093 1.511 4.797 503.13 

4  0.0051 0.749 234.834 4457.73   0.0090 1.928 5.867 504.90 

5  0.0050 0.844 302.801 4666.92   0.0088 1.829 6.252 485.24 
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We plot the daily averages (see daily comparison table in Appendix C) in Figure 9 for a 

better illustration. Figure 9 clearly shows a diminishing feature for volatility, information 

uncertainty, trading volume, and open interests. To make the comparison comparable, we scale 

information uncertainty of butter by x0.1, cheese by x10,  and trading volume of milk by x0.1.  

 

Figure 9 Time Series Plot of Volatility, Information Uncertainty, Trading Volume, and Open 

Interest 

This figure presents volatility, information uncertainty, traded volume and open interest for butter, cheese, milk, and 

dry whey in the final month of the contract during the final month of the contract. 25 represents 25 trading days 

from contract expiration 

 

 

We observe an increase in all measures for all commodities for the first several days, and 

then they diminish as the contract nears expiration. However, the dry whey market diminishes at 
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a much lower rate than the others in volatility, trading volume, and open interest. Another 

interesting finding is that open interests do not show much variation over time except at the 

beginning and the end of the month. Information uncertainty, trading volume, and open interest 

are all virtually 0 at the end when markets settle to the calculated price due to the regulated 

pricing scheme by the USDA.   

 

Table 14 Within Trading Week (NB 1); Volatility, Information Uncertainty, Volume, and 

Open Interest 

This table presents volatility, Information Uncertainty, Volume, and Open Interest for butter, cheese, dry whey, and 

milk in the final month of the contract (NB1). The table is further organized by days within a trading week. 0 

represents the day of the announcement. 2 represent two days away from the announcement.  

  Butter  Cheese 

Days to last 

NDPSR 

announcement  Volatility 

Info. 

Uncertain Volume Open Int  Volatility 

Info. 

Uncertain Volume Open Int 

           
0  0.0052 6.275 15.63 1000.67  0.0037 0.047 37.90 2705.20 

1  0.0053 6.530 10.91 1031.96  0.0037 0.050 33.42 2780.27 

2  0.0055 6.777 7.80 1036.37  0.0038 0.052 26.69 2787.95 

3  0.0053 7.256 9.23 1015.49  0.0037 0.055 23.41 2719.93 

4  0.0052 7.183 8.63 986.04  0.0037 0.056 27.71 2611.15 

           

           

  Class III milk  Whey 

Days to last 

NDPSR 

announcement  Volatility 

Info. 

Uncertain Volume Open Int  Volatility 

Info. 

Uncertain Volume Open Int 

           
0  0.0042 0.478 197.21 4226.52  0.0090 1.191 6.54 485.80 

1  0.0042 0.501 179.77 4341.10  0.0090 1.260 5.57 498.46 

2  0.0044 0.527 134.97 4364.35  0.0092 1.300 3.35 499.92 

3  0.0043 0.561 136.06 4268.37  0.0091 1.353 2.82 490.13 

4  0.0042 0.568 135.52 4125.55  0.0090 1.372 3.09 468.98 

 

Since our study focuses on the market response to the USDA announcement, we present 

our analysis related to the announcement date. In this Table, Table 14, we summarize the 

volatility, information uncertainty, trading volume, and open interests based on the distances 

(trading days) to the next announcement date. Here, 0 means the announcement date and 4 
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means the four trading days before the announcement date. Since USDA publishes its reports 

weekly, 4 also means the day right after the previous announcement. Therefore, in this Table, the 

number 2 represents the middle in-between two announcement days. The results show that 

volatility is lower at the days close to announcement day, such as 0 and 4, while volatility is 

highest at day 2. Information uncertainty is lowest at the announcement day and higher when the 

distance to the announcement day increases. Trading volume also shows a universal pattern in 

that it increases when approaching the announcement day. Open interest has a similar pattern as 

volatility. Our results indicate that futures markets react to the USDA announcement on the 

prices and trading activities. Although these analyses provide important information regarding 

the announcement days effect, it does not consider the overall trend we observe in the last month. 

In other words, the within-weekly results shown here might be contaminated by the overall trend 

in the month. For example, Table 14 suggests that trading volume is negatively correlated to 

information uncertainty and has no relationship with volatility, which contradicts the results in 

Table 13.  

Regression Results 

 In Table 15, we present the OLS regression results for butter from 5 different models. 

The dependent variable is the GARCH daily volatility. All models are estimated with the robust 

standard errors. Our sample period covers 97 contract months from May 2012 to April 2020. We 

regress volatility on days to maturity to model 1 to show the diminishing volatility feature of 

butter futures. We observe a very significant (t value of 13.16) positive relationship between 

butter's volatility and days to maturity. To control for the possibility that the result might be 

driven by the overall time trend (i.e., the overall decreased volatility from 2012 to 2020), we use 

month dummies (97 dummies for each month in our sample period.) The results are shown in 
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model 2. Compare to model 1, model 2 shows an even more substantial diminishing volatility in 

the final month. It means that each month, the volatility diminishes as contract expiration 

approaches. We also observe that the model with month dummy performs better than the model 

without comparing the adjusted R-square (0.4819 vs. 0.0830.) 

After statistically confirmed the diminishing volatility, we use models 3, 4, and 5 to 

investigate whether information uncertainty, trading volume, and macroeconomics variables can 

explain the diminishing volatility. Model 3 and 4 show that information uncertainty impacts 

volatility positively. In other words, information uncertainty can provide significant explanatory 

power to the diminishing volatility. Open interest also affects the volatility significantly, but not 

the trading volume. We only find short term interest rate has a negative and significant 

correlation with volatility. Since volatility is typically persistent, we add the lagged volatility in 

model 5 to ensure our results are robust. The results show a very strong dependence of butter 

volatility on its past volatility. Importantly, our results remain, although the significance level 

decreases for information uncertainty; the trading volume becomes significant at 10% level, and 

it is positive as expected.  The impact of short-term interest rate remains significant.  
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Table 15 OLS Regression of Butter Volatility 

This table presents 5 models of OLS regression for butter volatility whereby each successive step (1 through 5) 

incorporates an additional variable(s). The dependent variable is GARCH daily volatility. 

 (1) (2) (3) (4) (5) 
VARIABLES Butter volatility Butter volatility Butter volatility Butter vol Butter vol 

Lagged volatility     0.6250 
     [18.76]*** 
Information Uncertainty (X 10)   0.001 0.001 0.0004 
   [7.40]*** [7.19]*** [4.25]*** 
Trading Volume (X 1,000)   0.0021 0.0020 0.0019 
   [1.49] [1.34] [1.76]* 
Open Interest (X 1,000)   0.0005 0.0004 0.0002 
   [3.21]*** [2.98]*** [2.02]** 
SP500    0.0054 0.0037 
    [1.38] [1.20] 
DXYret    -0.0033 -0.0017 
    [-0.27] [-0.16] 
DTB3    -0.1288 -0.1343 
    [-2.27]** [-3.04]*** 
CRBret    -0.0043 -0.0014 
    [-0.34] [-0.18] 
Days to Maturity 0.0001 0.0001    
 [13.16]*** [15.63]***    
Constant 0.0043 0.0040 0.0046 0.0047 0.0018 
 [66.96]*** [13.15]*** [16.19]*** [16.64]*** [6.20]*** 
      
Observations 2,009 2,009 2,007 1,989 1,989 
Adjusted R-squared 0.0830 0.4819 0.4402 0.4358 0.6600 
Monthly Dummy No Yes Yes Yes Yes 

Note. Robust t-statistics in brackets *** p<0.01, ** p<0.05, * p<0.1 

 

We conduct the same analyses for cheese, milk, and dry whey as well. Results are 

presented in Tables 16 to 18. Similar to butter, cheese and dry whey exhibit significant 

diminishing volatility when approaching to expiration. The information uncertainty is positively 

correlated with the volatility, and so are trading volume and open interest. However, open 

interest impacts the volatility of milk more than cheese. We do not observe any impact on 

volatility from macroeconomics variables. It suggests that cheese and milk are more immured 

from the financial market than butter.  
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The regression results in dry whey reveal a different pattern. First, we do not observe any 

significant volatility diminishing feature. Second, the open interest seems to have a stronger 

impact on dry whey's volatility than trading volume as in butter. Third, the dollar index and 

short-term interest rate impact volatility positively. Finally, the information uncertainty does not 

show significant effect, but it becomes significant after controlling macroeconomics variables.  

 

Table 16 OLS Regression of Cheese Volatility 

This table presents 5 models of OLS regression of Cheese volatility whereby each successive step (1 through 5) 

incorporates an additional variable(s). The dependent variable is GARCH daily volatility. 

 (1) (2) (3) (4) (5) 
VARIABLES Cheese volatility Cheese volatility Cheese volatility Cheese volatility Cheese 

volatility 

Lagged volatility    0.4954 
    [17.35]*** 
Info. Uncertainty (X 10)  0.111 0.109 0.060 
  [11.75]*** [11.62]*** [6.36]*** 
Trading Volume (X 1,000)  0.0003 0.0030 0.0026 
  [4.41]*** [4.54]*** [4.50]*** 
Open Interest (X 100,000)  0.0001 0.0038 0.0031 
  [0.03] [1.36] [1.68]* 
SP500   0.0033 0.0021 
   [1.61] [1.16] 
DXYret   -0.0034 -0.0036 
   [-0.60] [-0.70] 
DTB3   -0.0181 -0.0483 
   [-0.45] [-1.24] 
CRBret   -0.0008 0.0001 
   [-0.12] [0.01] 
Days to Maturity 0.0001 0.0001   
 [18.99]*** 

    

[19.48]***   

Constant 0.0028 0.0027 0.0035 0.0034 0.0017 

 [89.93]*** [20.47]*** [23.45]*** [22.88]*** [11.32]*** 
      

Observations 2,008 2,008 2,006 1,988 1,988 
Adjusted R-squared 0.1981 0.3050 0.2287 0.2194 0.4181 
Monthly Dummy No Yes Yes Yes Yes 
Note. Robust t-statistics in brackets *** p<0.01, ** p<0.05, * p<0.1 
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Table 17 OLS Regression of Class III Milk Volatility 

This table presents 5 models of OLS regression of Class III milk volatility whereby each successive step (1 through 

5) incorporates an additional variable(s). The dependent variable is GARCH daily volatility. 

 (1) (2) (3) (4) (5) 
VARIABLES Milk volatility Milk volatility Milk volatility Milk volatility Milk volatility 

      
Lagged volatility     0.4496 
     [15.82]*** 
Information Uncertainty   0.0009 0.0008 0.0005 
   [9.03]*** [8.89]*** [4.93]*** 
Trading Volume (X 10,000)   0.00199 0.0203 0.0166 
   [7.34]*** [7.53]*** [6.66]*** 
Open Interest (X 10,000)   0.0005 0.0006 0.0004 
   [1.94]* [2.76]*** [2.34]** 
SP500    0.0027 0.0018 
    [1.28] [1.03] 
DXYret    -0.0008 -0.0007 
    [-0.13] [-0.14] 
DTB3    -0.0159 -0.0415 
    [-0.43] [-1.19] 
CRBret    0.0001 -0.0010 
    [0.01] [-0.16] 
Days to Maturity 0.0001 0.0001    
 [19.42]*** [20.04]***    
Constant 0.0033 0.0039 0.0041 0.0040 0.0021 
 [101.62]*** [15.83]*** [12.37]*** [12.28]*** [7.81]*** 
      
Observations 2,000 2,000 1,998 1,980 1,980 
Adjusted R-squared 0.2002 0.3114 0.2561 0.2498 0.4103 
Monthly Dummy No Yes Yes Yes Yes 

Note. Robust t-statistics in brackets *** p<0.01, ** p<0.05, * p<0.1 
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Table 18 OLS Regression of Dry Whey Volatility 

This table presents 5 models of OLS regression of dry whey volatility whereby each successive step (1 through 5) 

incorporates an additional variable(s). The dependent variable is GARCH daily volatility. 

 (1) (2) (3) (4) (5) 
VARIABLES Whey volatility Whey volatility Whey volatility Whey volatility Whey volatility 

      
Lagged volatility     0.8189 
     [26.82]*** 
Information Uncertainty (X 1,000)   0.0361 0.0365 0.0685 
   [1.34] [1.35] [4.43]*** 
Trading Volume (X 10,000)   -0.0549 -0.0557 0.0155 
   [-1.67]* [-1.69]* [0.79] 
Open Interest (X 10,000)   0.00694 0.00745 0.00158 
   [3.14]*** [3.45]*** [2.68]*** 
SP500    0.0003 -0.0012 
    [0.19] [-1.42] 
DXYret    0.0066 0.0058 
    [1.57] [2.58]** 
DTB3    0.0630 0.0051 
    [1.95]* [0.37] 
CRBret    -0.0019 0.0017 
    [-0.35] [0.59] 
Days to Maturity (X 1,000) 0.00128 0.00161    
 [0.17] [0.54]    
Constant 0.0090 0.0169 0.0171 0.0170 0.0031 
 [92.09]*** [30.34]*** [33.77]*** [33.44]*** [4.23]*** 
      
Observations 2,008 2,008 2,006 1,988 1,988 
Adjusted R-squared -0.0005 0.8863 0.8915 0.8922 0.9675 
Monthly Dummy No Yes Yes Yes Yes 

Note. Robust t-statistics in brackets *** p<0.01, ** p<0.05, * p<0.1 

 

Since dairy commodities show strong seasonality effects, we introduce the month of the 

year dummies in our next regression analysis to control for such effects. The month of the year 

dummies means dummy Jan. to dummy Dec. For example, dummy Jan. means value 1 for Jan. 

and 0 for other months. We present the results in Table 19. The constant is for dummy Jan. We 

do not list the constants for other dummies to save space, but they are available upon request. 

The results are consistent with previous results. As shown in the Table, after controlling for the 

seasonality effects, we still observe strong positive impacts from information uncertainty and 

trading volume. Interestingly, the short-term interest rate shows a strong negative impact on 
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butter, cheese, and milk volatility in this analysis. The dollar index has a positive impact on dry 

whey at a 5% level.  

 

Table 19 OLS Regression of Dairy commodities Controlling for Seasonal Effects 

This table presents OLS regression of butter, cheese, milk, and dry whey volatility whereby the OLS model has been 

further controlled for seasonal effects. 

 (1) (2) (3) (4) 

VARIABLES butter cheese milk whey 

     

Lagged volatility 0.7121 0.5592 0.5105 0.9710 

 [27.50]*** [21.56]*** [20.24]*** [161.28]*** 

Information Uncertainty 0.0000 0.0030 0.0002 0.0001 

 [4.52]*** [5.17]*** [3.97]*** [3.89]*** 

Trading Volume 0.0000 0.0000 0.0000 0.0000 

 [2.00]** [4.76]*** [7.10]*** [1.89]* 

Open Interest 0.0000 -0.0000 0.0000 0.0000 

 [2.61]*** [-1.63] [0.42] [1.37] 

SP500 0.0045 0.0022 0.0021 -0.0015 

 [1.39] [1.15] [1.13] [-1.71]* 

DXYret -0.0022 -0.0038 -0.0005 0.0055 

 [-0.20] [-0.78] [-0.10] [2.49]** 

DTB3 -0.0143 -0.0070 -0.0066 -0.0006 

 [-4.47]*** [-3.42]*** [-3.04]*** [-0.58] 

CRBret -0.0085 0.0010 -0.0023 0.0022 

 [-1.11] [0.16] [-0.37] [0.77] 

Constant 0.0011 0.0014 0.0016 0.0001 

 [6.88]*** [13.60]*** [14.23]*** [2.03]** 

     

Observations 1,989 1,988 1,980 1,988 

Adjusted R-squared 0.6539 0.4109 0.4074 0.9652 

Month of the year Dummy Yes Yes Yes Yes 
Note: Robust t-statistics in brackets *** p<0.01, ** p<0.05, * p<0.1 

 

After the analyses at the individual commodity level, our next analysis is to consider the 

interdependence among dairy commodities. We anticipate that the volatility of each commodity 

would impact the others since they all are the products of raw milk and their values are 

connected through the FMMO pricing scheme. Because dairy volatilities exhibit a strong 
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autoregressive feature, we use VAR models. We introduce volatilities as the endogenous 

variables and information uncertainty, trading activities, and macroeconomics variables as 

exogenous variables.  The results are listed in Table 20. 

Table 20 VAR Model, Controlling for lagged volatility, Information Uncertainty and 

Macroeconomic variables 

This table presents the results of a VAR model for butter, cheese, and dry whey volatilities. The model incorporates 

two lagged periods, macroeconomic variables, information uncertainty, and trading activities (eq.24). 

  Butter Volatility Cheese Volatility Whey Volatility 

  Coeff Std Err Coeff Std Err Coeff Std Err 

L1.butter volatility 0.7646*** 0.0228 0.0308* 0.0171 0.0132 0.0080 

L2.butter volatility -0.0808*** 0.0225 -0.0229 0.0169 -0.0110 0.0079 

L1.cheese volatility 0.0387 0.0302 0.5570*** 0.0227 0.0095 0.0106 

L2.cheese volatility -0.0277 0.0302 -0.0273 0.0226 -0.0002 0.0106 

L1.whey volatility -0.0500 0.0646 -0.0558 0.0484 0.9597*** 0.0226 

L2.whey volatility 0.0510 0.0644 0.0419 0.0483 0.0136 0.0226 
       

DTB3 -0.0170*** 0.0042 -0.0083*** 0.0031 -0.0011 0.0015 

SP500 0.0044* 0.0025 0.0024 0.0019 -0.0015 0.0009 

CRBret -0.0105 0.0077 0.0010 0.0058 0.0019 0.0027 

DXYret -0.0036 0.0063 -0.0043 0.0047 0.0051** 0.0022 

Information Uncertainty butter 0.0000*** 0.0000 0.0000* 0.0000 0.0000 0.0000 

Information Uncertainty cheese 0.0017*** 0.0005 0.0021*** 0.0004 0.0001 0.0002 

Information Uncertainty whey 0.0000 0.0000 0.0001*** 0.0000 0.0000*** 0.0000 

Trading Volume butter 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Open Interest butter 0.0000 0.0000 0.0000*** 0.0000 0.0000 0.0000 

Trading Volume cheese 0.0000 0.0000 0.0000*** 0.0000 0.0000 0.0000 

Open Interest cheese 0.0000 0.0000 0.0000** 0.0000 0.0000 0.0000 

Trading Volume whey 0.0000** 0.0000 0.0000** 0.0000 0.0000*** 0.0000 

Open Interest whey 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

cons 0.0012*** 0.0002 0.0015*** 0.0001 0.0001 0.0001 

Note. *** p<0.01, ** p<0.05, * p<0.1 

 

Because cheese and class III milk futures are highly correlated, we omit class III milk in 

VAR analyses due to collinearity concerns. There are some interesting results in this table. First, 

we do not observe strong interdependence among the volatilities. The only significant 

interdependence is the past volatility of butter impact on current volatility of cheese at 10% level. 
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Dry whey shows a very strong persistent volatility with a coefficient of 0.9597. Butter and 

cheese volatility also show an autoregressive feature but not as strong as dry whey. Second, the 

impacts of macroeconomics variables are consistent with our analysis with individual 

commodities. For example, the short-term interest rate negatively impacts butter and cheese, and 

the dollar index positively impacts dry whey volatility. Third, we find the information 

uncertainty impacts  the volatility of butter and cheese with each other. The impact of 

information uncertainty of cheese on the volatility of butter is much stronger than the other way 

around. However, information uncertainty of dry whey does not impact other commodities' 

volatility, and other commodities' information uncertainty does not impact volatility of dry whey 

either. Finally, the trading activities do not show any significant impact on volatility of butter 

and dry whey, except for trading volume of dry whey in our VAR model. On the other hand, 

cheese volatility is impacted most by the trading activities of its own and butter's open interest, 

and dry whey's trading volume. Our VAR analyses suggest that there is no strong 

interdependence among dairy commodities' volatility. To further illustrate the independence of 

dairy volatility, we conduct the impulse function analysis using the VAR model. The 10-days 

impulse function plots are shown in Figure 10. The first row of plots shows the response of 

butter (left), cheese (middle), and dry whey (right) to one standard deviation of volatility shock 

from butter. As we can see, the shock only produces a significant impact on butter itself, and it 

lasts about ten days. There is a minimal and short-lived response from cheese, while almost none 

from dry whey. The same pattern is observed for shock from cheese and dry whey volatility. 

However, the impulse function for dry whey (the right on the bottom row) is much flatter than 

the others (i.e., compare to the left on the top row and the middle on the middle row). A large 

portion of the shock still exists after ten days. It suggests that dry whey has a very long memory 
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(high persistence) in its volatility. These findings are consistent with the observation we have in 

Figure 9.  

 

Figure 10 Impulse step (10) Butter, cheese, whey 

 

 

Discussion 

Price volatility within the dairy industry is relatively new. Before the early-1990s, 

volatility was nearly non-existent. However, price volatility soon became a concern of industry 

participants. On January 1, 2000, Congress adopted a new dairy pricing model. The goal of this 

study is two-fold. First, we investigate if the National Dairy Product Sales Report (NDPSR) 

impacts futures price volatility. Second, we study the impact of trading activities and 

macroeconomic variables on dairy commodities. This study covers all dairy futures, namely class 

III milk, cheese, butter, and dry whey. 
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  End-of-month prices in the dairy commodity market are unique. First, per government 

regulation, weekly wholesale dairy commodity prices, as announced via NDPSR, are used to 

determine end-of-the-month prices. Second, this end-of-month wholesale price is then used to 

determine the futures settlement price. Thus, wholesale prices determine the futures market's 

final settlement price; yet, throughout the life of the dairy contract, the futures market is designed 

for price discovery and risk mitigation for its participants.  

We begin our study by showing that all dairy commodities show unique diminishing 

volatility, which contradicts the well-known Samuelson effect.  We also demonstrate a 

decreasing information uncertainty when futures contracts approach expiration because the 

market incorporates more and more information into its closing prices.  

Market reactions to the information also reflect on the trading activities. We show that 

traded volume (contracts sold) appears to be greatest on NDPSR announcement days for all dairy 

commodities. Furthermore, NDPSR announcement days exhibit low volatility and price 

uncertainty.  

At the individual commodity level, we use OLS regression models to study how volatility 

in the final month is impacted by the information uncertainty, trading volume, after controlling 

for macroeconomics variables. We find strong evidence to support that the information 

uncertainty drives diminishing volatility. In other words, volatility decreases when the market 

receives more information. We also find the diminishing volatility is also caused by the 

decreasing trading activities, but mainly by decreased trading volume. We show that butter, 

cheese, and dry whey volatility correlate negatively to short-term interest rate and dry whey 

volatility correlates to the dollar index positively. These results are robust to different models 

and control for seasonality effects. 
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Our VAR results are consistent with our OLS results. We do not observe strong 

interdependence among volatilities of different commodities. We also find that butter and dry 

whey are more independent. Their volatilities are not impacted by other commodities’ volatility, 

information uncertainty, and trading volume. However, cheese volatility is more dependent on 

butter and dry whey.  

Our study provides an important investigation of the unique pattern of dairy commodities 

during the final month of the futures contracts. We show how USDA announcements provide a 

critical role and can reduce market volatility and, furthermore, impact trading activities. 

Therefore, we suggest that the process developed by the USDA to capture weekly 

manufacturer’s wholesale prices and the subsequent release to the general public exhibit 

considerable integrity.  
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Appendix A 

Formulas for Monthly Class and Component Prices 
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The commentary below is related to calculating Imputed Prices used in Essay 2. 

We use the USDA formulas (from Appendix A) to calculate our Imputed Class III milk, 

cheese, butter, and dry whey prices each week on Wednesdays when USDA announces the 

wholesale price and volume.  Accordingly, we use wholesale commodity prices (NDPSR) as 

inputs in the formula.  See appendix A for a complete formula to calculate the Class III milk 

price and each dairy commodity and the components of milk. 

The Imputed formulas are as follow: 

 

Step 1: Each week calculate weekly weighted-average wholesale price of dairy commodities.  

Note that barrel cheese prices and volumes are adjusted for 38% moisture.  Average 

moisture content of barrel cheese is contained in the NDPSR reports. 

 

The monthly announced price for each dairy commodity follows a similar approach. 

 

                 (25) 

    

Imputed Cheese Price =                                  

∑
(𝑁𝐷𝑃𝑆𝑅𝑤𝑒𝑒𝑘𝑙𝑦𝑏𝑎𝑟𝑟𝑒𝑙𝑝𝑟𝑖𝑐𝑒+.03)𝑗𝑋(𝑤𝑒𝑒𝑘𝑙𝑦𝑏𝑎𝑟𝑟𝑒𝑙𝑠𝑎𝑙𝑒𝑠)𝑗+((𝑁𝐷𝑃𝑆𝑅𝑏𝑙𝑜𝑐𝑘𝑝𝑟𝑖𝑐𝑒)𝑗𝑥(𝑏𝑙𝑜𝑐𝑘𝑠𝑎𝑙𝑒𝑠)𝑗)

∑ (𝑤𝑒𝑒𝑘𝑙𝑦𝑏𝑎𝑟𝑟𝑒𝑙𝑠𝑎𝑙𝑒𝑠)𝑗+(𝑤𝑒𝑒𝑘𝑙𝑦𝑏𝑙𝑜𝑐𝑘𝑠𝑎𝑙𝑒𝑠)𝑗
𝐽
𝑗=1

𝐽
𝑗=1 , 𝐽 = 4,5 

      

 

 

                 (26) 

Imputed Butter Price =               

    ∑
(𝑁𝐷𝑃𝑆𝑅𝑤𝑒𝑒𝑘𝑙𝑦𝑏𝑢𝑡𝑡𝑒𝑟𝑝𝑟𝑖𝑐𝑒)𝑗𝑋(𝑤𝑒𝑒𝑘𝑙𝑦𝑏𝑢𝑡𝑡𝑒𝑟𝑠𝑎𝑙𝑒𝑠)𝑗

∑ (𝑤𝑒𝑒𝑘𝑙𝑦𝑏𝑢𝑡𝑡𝑒𝑟𝑠𝑎𝑙𝑒𝑠)𝑗
𝐽
𝑗=1

 , 𝐽 = 4,5𝐽
𝑗=1    

 

                 (27) 

Imputed Dry Whey =                                       

    ∑
(𝑁𝐷𝑃𝑆𝑅𝑤𝑒𝑒𝑘𝑙𝑦𝑑𝑟𝑦𝑤ℎ𝑒𝑦𝑝𝑟𝑖𝑐𝑒)𝑗𝑋(𝑤𝑒𝑒𝑘𝑙𝑦𝑑𝑟𝑦𝑤ℎ𝑒𝑦𝑠𝑎𝑙𝑒𝑠)𝑗

∑ (𝑤𝑒𝑒𝑘𝑙𝑦𝑑𝑟𝑦𝑤ℎ𝑒𝑦𝑠𝑎𝑙𝑒𝑠)𝑗
𝐽
𝑗=1

, 𝐽 = 4,5𝐽
𝑗=1  
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Figure A1 

A Flow Chart of Step 1 Calculation for Imputed Prices of Commodities (Equations 25, 26, & 27) 

 

 

 

Step 2:    Calculate weekly prices for dairy components within Class III milk: Class  

         III milk is valued by its components. Specifically, butterfat, protein, and other solids.  

The dairy commodities of cheese, butter and dry whey determine the value of milk's 

components.  

                                                                                                                                                                                                                       

 

                            

(28)      

  

Protein Price = ((Imputed Cheese Price – 0.2003 (make allowance) x 1.383 (# cheese/ # 

protein)) + (((cheese price - .2003) x 1.572 (# cheese / # fat)) – Butterfat price x .9) x 1.17) 

  

 

     (29) 

Butterfat price = (Butter Price (equation 1) – 0.1715 (make allowance)) x 1.211 

(manufacturing yield).      

 

                      

     (30) 

      Other Solids Price = (Dry Whey Price (equation 2) – 0.1991 (make allowance)) x 1.03 

 

 

 

 

 

Flowchart of Calculating the Imputed Price of Cheese, Butter, Dry Whey.   STEP 1
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Step 3:   Calculate Imputed Class III skim milk price:  Class III milk is derived by its  

skim value plus its butterfat content. 

 

                  (31) 

Imputed Class III skim = ((Protein Price x 3.1) + (Other Solids Price x 5.9) 

 

Step 4:  Calculate Imputed Class III milk price: 

 

                       (32) 

Imputed Class III Milk Price = (Imputed Class III skim x .965) + (Butterfat Price x 3.5) 

 

          

Figure A2 

A flow chart of steps 2 & 3 & 4 for the Imputed Class III milk calculation. (equations 28 to 32) 

 

We define the difference between the daily futures close price and the next imputed price 

as the price uncertainty. Since dairy commodity futures ultimately settle to the USDA wholesale 

price, the price difference between the close price and the next imputed price on the settlement 

days will be zero, which means there is no price uncertainty. However, before the settlement 

date, the difference will reflect how the futures market digests information. And because there 

are either 4 or 5 weeks to a month, the futures markets have 4 to 5 times to discover the final 

settlement price through USDA announcements each month. We anticipate a decreasing price 

uncertainty over time and eventually becomes zero on the settlement day.  
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Appendix B 

Characteristics of Futures Contracts18 

 

 

 

 

 
18Dairy Futures Contract specifications can be found at: https://www.cmegroup.com/trading/agricultural/dairy/cash-

settled-butter_contract_specifications.html  

Characteristics of Futures Contracts

CME Group,    CME Globex

Butter Contract Unit 20,000 lbs

Minimum price quote $.00025/ lbs, $5.00/ contract

Product Code CB

Rulebook 56

Settlement Financially Settled

Cheese Contract Unit 20,000 lbs

Minimum price quote $.001/ lbs, $20.00/ contract

Product Code CSC

Rulebook 60

Settlement Financially Settled

Dry Whey Contract Unit 44,000 lbs

Minimum price quote $.00025/ lbs, $11.00/ contract

Product Code DY

Rulebook 57

Settlement Financially Settled

Class III milk Contract Unit 200,000 lbs

Minimum price quote $.01/ cwt, $20.00/ contract

Product Code DC

Rulebook 52

Settlement Financially Settled

https://www.cmegroup.com/trading/agricultural/dairy/cash-settled-butter_contract_specifications.html
https://www.cmegroup.com/trading/agricultural/dairy/cash-settled-butter_contract_specifications.html
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Appendix C 

(NB 1) Daily Volatility, Information Uncertainty, Volume, and Open Interests for Dairy 

Commodities 

 

  Butter  Cheese 

Trading 

Days to 

Settlement  volatility 

Info. 

Uncertain Volume Open Int  volatility 

Info. 

Uncertain Volume Open Int 

           

0  0.0043 0.0022 0.07 0.00  0.0031 0.0000 0.85 0.00 

1  0.0045 2.7864 4.02 671.38  0.0031 0.0207 14.59 1755.23 

2  0.0044 2.8431 5.11 1050.35  0.0032 0.0208 12.69 2826.53 

3  0.0044 2.9597 7.14 1049.20  0.0032 0.0228 13.03 2823.63 

4  0.0045 3.7487 9.15 1049.86  0.0032 0.0258 16.49 2823.66 

5  0.0046 4.3968 9.91 1051.55  0.0032 0.0304 21.89 2824.17 

6  0.0047 5.6440 6.23 1052.56  0.0032 0.0402 22.81 2818.98 

7  0.0050 5.6582 6.88 1053.41  0.0033 0.0410 25.06 2818.57 

8  0.0050 6.1733 7.74 1054.60  0.0033 0.0430 27.29 2817.01 

9  0.0051 6.5081 13.98 1055.37  0.0033 0.0464 33.15 2815.37 

10  0.0053 6.9089 9.55 1055.32  0.0034 0.0516 33.47 2812.72 

11  0.0053 7.8842 13.79 1053.67  0.0035 0.0583 31.73 2813.72 

12  0.0053 8.0878 8.41 1053.07  0.0037 0.0594 27.71 2808.22 

13  0.0056 8.0371 11.90 1038.89  0.0038 0.0618 31.15 2773.65 

14  0.0057 8.2353 13.72 1052.65  0.0041 0.0634 36.40 2803.89 

15  0.0059 8.7507 13.40 1051.70  0.0043 0.0703 44.45 2802.71 

16  0.0062 9.3891 11.04 1049.60  0.0046 0.0747 41.69 2805.60 

17  0.0063 9.3730 16.25 1050.57  0.0048 0.0751 38.07 2810.24 

18  0.0064 9.9045 16.98 1049.33  0.0047 0.0749 43.34 2795.22 

19  0.0062 10.2338 21.10 1038.78  0.0046 0.0764 47.77 2770.58 

20  0.0058 9.9688 16.09 1028.19  0.0047 0.0798 35.36 2644.44 

21  0.0058 10.1048 13.00 1036.62  0.0041 0.0908 50.09 2621.21 

22  0.0054 8.7541 23.32 1101.46  0.0039 0.0828 57.86 3132.00 

23  0.0051 7.9963 22.38 1217.69  0.0036 0.0772 49.38 3228.50 

24  0.0045 7.4538 20.00 1261.50  0.0047 0.0744 94.50 3449.00 

25  0.0040 6.4048 2.00 903.00  0.0031 0.0872 66.00 3282.00 
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  Milk  Dry Whey 

Trading 

Day to 

Settlement  volatility 

Info. 

Uncertain Volume Open Int  volatility 

Info. 

Uncertain Volume Open Int 

           

0  0.0036 0.0035 0.00 0.00  0.0083 0.0027 0.15 0.00 

1  0.0037 0.2063 63.82 2796.54  0.0087 0.5223 1.24 313.16 

2  0.0037 0.2099 66.47 4225.19  0.0088 0.5327 1.09 501.71 

3  0.0037 0.2290 74.36 4236.75  0.0089 0.5708 2.44 501.47 

4  0.0037 0.2669 98.67 4249.02  0.0089 0.6043 2.67 501.23 

5  0.0037 0.3161 113.69 4270.01  0.0090 0.7425 2.54 501.70 

6  0.0037 0.4019 111.98 4284.65  0.0091 0.9362 1.79 501.82 

7  0.0038 0.4134 121.00 4308.92  0.0092 0.9891 4.15 502.15 

8  0.0039 0.4349 121.59 4332.65  0.0093 1.0573 4.25 503.11 

9  0.0038 0.4680 139.51 4339.47  0.0093 1.1862 4.43 503.36 

10  0.0039 0.5184 120.05 4347.27  0.0093 1.3365 4.73 504.23 

11  0.0040 0.5827 126.64 4357.27  0.0093 1.5287 3.40 504.86 

12  0.0043 0.5994 150.99 4368.66  0.0094 1.5735 4.19 505.76 

13  0.0043 0.6329 162.35 4348.11  0.0092 1.6294 4.67 500.40 

14  0.0046 0.6447 189.79 4388.78  0.0091 1.5897 7.08 506.96 

15  0.0049 0.7011 201.36 4401.90  0.0091 1.8082 5.52 507.05 

16  0.0052 0.7479 216.38 4424.02  0.0092 1.9858 4.05 507.48 

17  0.0053 0.7549 240.67 4443.27  0.0091 2.0171 6.22 506.90 

18  0.0052 0.7573 264.46 4467.22  0.0089 1.9519 7.91 506.12 

19  0.0051 0.7878 309.06 4540.55  0.0088 1.9117 7.10 503.93 

20  0.0052 0.8175 296.84 4616.99  0.0089 1.7680 6.26 484.52 

21  0.0046 0.9059 292.98 4672.53  0.0086 1.8501 4.70 479.74 

22  0.0045 0.8059 330.79 4694.75  0.0089 1.8083 5.39 540.29 

23  0.0040 0.8125 311.79 4356.50  0.0087 2.2674 9.88 559.31 

24  0.0043 0.8400 642.50 3760.50  0.0082 2.0008 20.50 622.25 

25       0.0072 0.6115 14.00 818.00 
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