|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

USDA Economic Research Service
g U-S. DEPARTMENT OF AGRICULTURE

Economic
Research
Service

Technical
Bulletin 1961

July 2023

Documentation for the USDA, Economic
Research Service Annual U.S. Dairy
Sector Econometric Model

Jerry Cessna, Molly DelCurto, Angel Teran, and Joseph Crouse




USDA Economic Research Service
G U-S. DEPARTMENT OF AGRICULTURE

Economic Research Service
www.ers.usda.gov

Recommended citation format for this publication:

Cessna Jerry, Molly DelCurto, Angel Terdn, and Joseph Crouse, July 2023. Documentation for
the USDA, Economic Research Service Annual U.S. Dairy Sector Econometric Model, TB-1961,
U.S. Department of Agriculture, Economic Research Service.

.
La

wrtiind o SR i - S ¥

Cover is a derivative of images from Getty.
Use of commercial and trade names does not imply approval or constitute endorsement by USDA.

To ensure the quality of its research reports and satisfy governmentwide standards, ERS requires that all research reports
with substantively new material be reviewed by qualified technical research peers. This technical peer review process,
coordinated by ERS' Peer Review Coordinating Council, allows experts who possess the technical background, perspective,
and expertise to provide an objective and meaningful assessment of the output's substantive content and clarity of
communication during the publication’s review.

In accordance with Federal civil rights law and U.S. Department of Agriculture (USDA) civil rights regulations and policies,
the USDA, its Agencies, offices, and employees, and institutions participating in or administering USDA programs are
prohibited from discriminating based on race, color, national origin, religion, sex, gender identity (including gender
expression), sexual orientation, disability, age, marital status, family/parental status, income derived from a public assistance
program, political beliefs, or reprisal or retaliation for prior civil rights activity, in any program or activity conducted or funded
by USDA (not all bases apply to all programs). Remedies and complaint filing deadlines vary by program or incident.

Persons with disabilities who require alternative means of communication for program information (e.g., Braille, large print,
audiotape, American Sign Language, etc.) should contact the responsible Agency or USDA's TARGET Center at (202)
720-2600 (voice and TTY) or contact USDA through the Federal Relay Service at (800) 877-8339. Additionally, program
information may be made available in languages other than English.

To file a program discrimination complaint, complete the USDA Program Discrimination Complaint Form, AD-3027, found
online at How to File a Program Discrimination Complaint and at any USDA office or write a letter addressed to USDA and
provide in the letter all of the information requested in the form. To request a copy of the complaint form, call (866) 632-9992.
Submit your completed form or letter to USDA by: (1) mail: U.S. Department of Agriculture, Office of the Assistant Secretary
for Civil Rights, 1400 Independence Avenue, SW, Washington, D.C. 20250-9410; (2) fax: (202) 690-7442; or (3) email:
program.intake@usda.gov.

USDA is an equal opportunity provider, employer, and lender.



USDA Economic Research Service
_ U.S. DEPARTMENT OF AGRICULTURE

Economic
Research
Service

Technical
Bulletin 1961

July 2023

Documentation for the USDA, Economic
Research Service Annual U.S. Dairy Sector

Econometric Model
Jerry Cessna, Molly DelCurto, Angel Teran, and Joseph Crouse

Abstract

The U.S. Department of Agriculture, Economic Research Service (ERS) maintains and uses a dy-
namic dairy sector model for the United States. This model is a tool for the development of 10-year
dairy projections, as published in the USDA Agricultural Projections annual report. The model is also
used to analyze changes in market conditions and the impacts of changes in various Federal Gov-
ernment policies on the dairy sector. This report provides documentation on the specification and
estimation employed by this model to obtain projections for the dairy sector.

Keywords: dairy industry, dairy model, dairy forecasts, dairy projections, dairy sector, USDA baseline

Acknowledgments

For their helpful comments, we thank peer reviewers Scott Brown, University of Missouri; Oral Capps,
Texas A&M University; Georgi Gabrielyan, USDA, Farm Production and Conservation Business
Center; Erik Dohlman, USDA, ERS; and Roger Cryan, American Farm Bureau (with USDA, Agri-
cultural Marketing Service at time of review). We appreciate the work of the Dairy Program staff from
USDA, Agricultural Marketing Service, who gathered some of the data for the model and provided it
in a useful format. We are grateful to USDA, ERS Editors Christine Williams, Elaine Symanski, and
Christopher Whitney; and we thank designer Jeremy Bell.



Contents

SUMMALY ittt ittt ittt ittt eaeeneaeeneneensasensanoassnonssnsnsansans iii
Introduction. . ..o vttt i i i i it i e ittt 1
Model Variables and How Projections Are Derived..........ooiiiiiiiiiiiiiiiiiiinennn. 1
Accounting for Milk Fatand Skim Solids ........ ...ttt 4
Price Transmission. .......iiuiiuiiiiiiiiiiiitiiitiiiiineeneeaneensennenneennennnns 6
1LY BT T ) 9
Demand for Fluid Milk and Dairy Products . .. ..ooiiiiiiiiiiiiii ittt 10
Manufacturing Allocation. . .....ooi it i it 14
R T T 16
1T T4 o 18
5 4 T 21
Product Balance Equations. .......oouiiiiiiiiiiiiiiiiiiiiiiiiieeneeneeneennennns 23
Classified Milk Prices and the AlI-Milk Price . .....ovvviiiiiiiiiiiiiiiiiiiieennnnn. 24
Calibration of Model Based on Committee Judgment. .......oooiiiiiiiiiiiiiieneen. 25
Scenario Analysis Example ... ... oiiiiii it i i i i i e 26
Concluding Remarks. .. ..ottt i it ittt ittt 28
References. .. ovvvuuiiiiiie i ittt i iiiiiiiet e nitiieteeaannnnns 29
Appendix A: Descriptive Statistics « ..o vvvvteeeiiiiiieeiiiiiiiieeeeernnaeeeeeanns 31
Appendix B: Complete List of Model Equations ..., 45
Appendix C: Federal Milk Marketing Order Price Formulas . ...................ooooi.. 58
Appendix D: Modeling Supply Impacts of the Milk Income Loss Contract Program. ........ 60
Appendix E: Difficulties in Attempting To Model Supply Responses to Current U.S. Government
Risk-Management Programs ..........coiiiuiiiiiieiiiiiiiieeernnnnnneeeeennnnnns 62
Appendix F: Functions That Increase at Increasing or Decreasing Rates................... 64
ii

Documentation for the USDA, Economic Research Service Annual U.S. Dairy Sector Econometric Model, TB-1961
USDA, Economic Research Service



USDA Economic Research Service

—

g Vs DEPARTMENT OF AGRICULTURE

A report summary from the Economic Research Service July 2023

Documentation for the USDA, Economic
Research Service Annual U.S. Dairy Sector
Econometric Model

Jerry Cessna, Molly DelCurto, Angel Teran, and Joseph Crouse

What Is the Issue?

rrrrrrrrrrrrrrrrrrrrrrrrrr

Documentation for the USDA, Economic
Research Service Annual U.S. Dairy
Sector Econometric Model

This report provides documentation for the Annual U.S. Dairy Sector Model used
by the USDA, Economic Research Service (ERS). Using econometric estima-
tion, this dynamic model provides projections for supply, demand, and prices for JryCesn MelyDelCrt,Angel T, nd Josegh Crovse
U.S. milk and dairy products over a 10-year period. The model provides support
for U.S. dairy projections published in the USDA Agricultural Projections report
each year. The model is also used to analyze changes in market conditions and the
impacts of changes in various Federal Government policies on the dairy sector.

The USDA, ERS Annual U.S. Dairy Sector Model is a comprehensive depiction
of the dairy sector market, including the supply of milk; the allocation of milk fat RE- w9
and skim solids (also called nonfat solids) used in dairy products; various Federal | 3

Government policy variables; consumer demand quantities; imports and exports; S,
stocks; and prices of milk and dairy products. —

Dairy projections in the USDA Agricultural Projections report (also referred to as “baseline projections”) are deter-
mined each year through econometric work and judgment of the USDA Dairy Interagency Commodity Estimates
Committee (Dairy ICEC). The Dairy ICEC includes representatives from four USDA agencies: Economic Research
Service; Agricultural Marketing Service; Foreign Agricultural Service; and the Farm Production and Conservation
Business Center. The chairperson for the Dairy ICEC is from the USDA, World Agricultural Outlook Board. While
the Annual U.S. Dairy Sector Model assists the Dairy ICEC in its deliberations for the baseline projections, model
results can be adjusted during the process based on committee judgement. The final baseline model results each year
represent the consensus judgment of the committee.

This Technical Bulletin provides an in-depth discussion of how the model is specified, estimated, and calibrated in
order to:

* provide transparency concerning much of the econometric work associated with USDA baseline projections
for the dairy sector,
y

* explain how the model is used in combination with judgment of the USDA Dairy Interagency Commodity
Estimates Committee, and

ERS is a primary source of economic research and analysis from the U.S. Department of Agriculture, providing timely
information on economic and policy issues related to agriculture, food, the environment, and rural America.

www.ers.usda.gov



* explain how the model is used for scenario analyses concerning impacts of market conditions or various
Federal Government policies on the U.S. dairy sector.

What Did the Study Find?

As stated in the USDA Agricultural Projections to 2031 report, “USDA’s long-term agricultural projections...are a de-
partmental consensus on a conditional long-run scenario for the agricultural sector. These projections provide a starting
point for discussion of alternative outcomes for the sector.” The Annual U.S. Dairy Sector Model, as calibrated to the
baseline projections, is a tool to analyze alternative projected outcomes for the dairy sector due to impacts of changes

in market conditions or impacts of changes to various Federal Government policies. Macroeconomic assumptions, feed
prices, foreign export prices for dairy products, various Federal Government policy parameters, and other types of vari-
ables can be altered to analyze changes of supply, demand, and price variables for the dairy sector. The scenario model
projections resulting from the altered inputs can be compared to the baseline projections in order to estimate impacts
of the changes. An example is provided to demonstrate how the model can be used to analyze the effects of a change in
feed prices on the dairy sector.

While scenario analyses from the model would be of interest to agricultural economists, policy makers, and private deci-
sion makers, the parameters used in the model would also be of interest. Prices and income are key signals of economic
decision making. Prices are determined by the interaction of supply and demand, reflecting the willingness of producers
to supply goods and consumers to buy these goods. Income changes affect the relative demand for these same goods.
Key measures of producers” and consumers’ responsiveness to changes in prices and income are price elasticities and
income elasticities, respectively. Price and income elasticity estimates are provided in this report for many of the supply
and demand variables included in the model.

The USDA, ERS Dairy Sector Model indicates that milk supply is very inelastic with respect to price changes. For the
number of milk cows and average milk per cow, estimated elasticities for a 1-year lag of the milk-feed ratio are 0.031

and 0.016, respectively. Price and income demand elasticities for all dairy products included in the model are estimated
to be inelastic, which is typical for food products. Price elasticities range from —0.035 for fluid milk to —0.868 for aggre-
gated Class II products other than frozen products (mostly soft manufactured products such as yogurt, cottage cheese,
sour cream, etc., that are in the Class II category of the Federal Milk Marketing Order system). Staple products, such as
fluid milk, would be expected to be very price inelastic. Demand for products that are considered less essential, or luxury
goods, are not as price inelastic. Some Class II products may fall in this category. Income elasticities estimates range

from 0.069 for fluid milk to 0.604 for butter.

How Was the Study Conducted?

Historical data from various sources are used in the model. Data are drawn from USDA’s Economic Research Service
(ERS), National Agricultural Statistics Service (NASS), Agricultural Marketing Service (AMS), and Foreign Agricultural
Service (FAS). The main data sources outside of USDA include the U.S. Department of Labor, Bureau of Labor Statis-
tics (BLS) and the U.S. Department of Commerce, Bureau of the Census and Bureau of Economic Analysis. The model
includes equations related to demand for dairy products; milk components of dairy products (milk fat and skim solids);
manufacturing allocation of milk and milk components; imports and exports; stocks of dairy products; various Federal
Government policies; and prices of milk and dairy products. Model equations include regressions, estimates based on
conversion factors for milk components, and identities (straightforward calculations that are always true, such as milk
production = number of milk cows x milk per cow). Regression statistics provided in this Technical Bulletin are used to
assess how well regression equations reflect historical data relationships.

www.ers.usda.gov



Documentation for the USDA, Economic
Research Service Annual U.S. Dairy
Sector Econometric Model

Introduction

Each year, USDA publishes 10-year annual conditional supply, use, and price projections for major agricultur-
al commodities (including projections for the dairy industry), in the USDA Annual Projections report. These
projections are also referred to as “baseline projections,” and the baseline projections as a whole are often
referred to as the “baseline scenario.” According to the USDA Agricultural Projections to 2031 report, the base-
line scenario “...is not a USDA forecast about the future. Instead, it is a conditional, long-run scenario about
what would be expected under the continuation of current farm legislation and other specific assumptions.”
The USDA Dairy Interagency Commodity Estimates Committee (Dairy ICEC) determines the projections
for the dairy sector through a combination of econometric modeling and judgment of the committee mem-
bers. The Dairy ICEC is represented by several USDA agencies including the Economic Research Service;
Agricultural Marketing Service; Foreign Agricultural Service; and the Farm Production and Conservation
Business Center. The chairperson for the Dairy ICEC is from the USDA, World Agricultural Outlook Board.
For information on the USDA official baseline, see the USDA Agricultural Projections to 2031 report (U.S.
Department of Agriculture, 2022).

The USDA, Economic Research Service (ERS) maintains and uses a dynamic econometric model of the U.S.
dairy industry to support USDA baseline projections. The model is comprehensive, simultaneously project-
ing milk production, fluid milk sales volume, manufactured dairy product consumption, dairy manufacturing
allocation,! dairy product prices, and milk prices received by dairy farmers sequentially along a 10-year pro-
jection period. The model’s predecessor is a regulatory analysis model formerly used by USDA, Agricultural
Marketing Service Dairy Programs (U.S. Department of Agriculture, 2007).

While the Annual U.S. Dairy Sector Model assists the Dairy ICEC in its deliberations for the baseline projec-
tions, model results are adjusted during the process based on committee judgment. The final baseline model
results each year represent the consensus judgment of the committee. The model is also a tool for analyzing
scenarios involving changing market conditions and various Federal Government policies. Model input vari-
ables, including those related to market conditions and certain Federal Government policies, can be adjusted
to analyze alternative scenarios compared with the baseline.

Model Variables and How Projections Are Derived

There are two broad categories of variables in most statistical models: exogenous and endogenous. The value
for an exogenous variable is determined outside of the model in which it is used. The value for an endogenous
variable is determined by its relationship with the other variables in the model.

! Dairy manufacturing allocation refers to the distribution of milk components among manufacturers, through market-based
economic incentives, for the production of dairy products.
1
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There are 381 variables in the model, including 202 exogenous variables and 179 endogenous variables. The
exogenous variables include 127 historical data series, 34 dummy variables, and 41 intercept adjusters for
altering baseline projections (based upon USDA, ICEC expert judgment). Descriptive statistics for variables
are in appendix A. There are 179 equations in the model, equal to the number of endogenous variables. A
complete list of model equations is in appendix B.

Some of the exogenous variables in the USDA, ERS Annual Dairy Sector Model are projected by USDA
committees or analysts that are not part of the Dairy ICEC. The projected values are taken as assumptions by
the Dairy ICEC. Examples of these exogenous variables include population, per capita disposable income, the
Consumer Price Index (CPI) for all products, feed prices (corn, soybean meal, and alfalfa hay), and a cull cow
price proxy.? The projections of some exogenous variables are determined by the judgment of the Dairy ICEC
or the modeler. These projections include Oceania export prices for butter, skim milk powder (SMP), and
Cheddar cheese; the Western Europe export price for dry whey; the milk-fat tests and skim-solids* tests for
producer milk; shipments of products to U.S. territories; exports and imports of minor dairy products; stocks
of minor dairy products; production of minor dairy products; animal use of nonfat dry milk (NDM) and dry
whey; conversion factors; and the weighted average Federal Milk Marketing Order Class I differential.’

Dummy variables (also called indicator variables) covering 1 or more years are included among the exogenous
variables. For example, “dummy for 2009” indicates that the observation is 1 for the year 2009 but 0 for other
years. Other dummy variables cover multiple years. For example, “dummy for years after 2010” indicates that
the value is 0 for any year up to 2010 but 1 for years following 2010. Dummy variables are used in the regres-
sion equations to account for outliers and to obtain coefficients that are consistent with economic theory and

fit historical data.

For the USDA baseline, model results are adjusted based on the consensus judgment of the Dairy ICEC.
Intercept adjusters for regression equations, also known as add factors, are used for this purpose. While
intercepts may be adjusted, gradient coeflicients remain intact. This allows changes of endogenous variables
in response to changes in other variables to remain the same for scenario analyses. Note that while dummy
variables are used in regression equations for historical data, intercept adjusters, as described in this documen-
tation, are used to adjust results in the projection period.

Projections of endogenous variables in the model depend upon the values of exogenous variables and simul-
taneous projections of other endogenous variables. Many of the supply and use endogenous variables are
projected using regression equations, including those for milk cows, milk per cow, demand for dairy prod-
ucts, manufacturing allocation, stocks, imports, and exports. Most market-clearing dairy product prices are
estimated with balance equations that set supply equal to demand. A few dairy product prices are calculated
using regression equations that link to other prices in the model; these include the wholesale price of moz-
zarella, the CPI for fresh milk, the retail price for whole milk, and the retail price of ice cream. Projections of
some endogenous variables are calculated using identity equations based on projections of other endogenous
variables. For example, while the annual average number of milk cows and average milk per cow are endog-
enous variables projected through regression equations, milk production is an endogenous variable calculated
by an identity: Milk production = number of milk cows x milk per cow. Other projections that are calculated
through identities include milk marketings (milk production minus farm use), Federal Milk Marketing Order
class prices, and beginning stocks (equal to ending stocks of the previous period). Projections of fluid use and

2 A cull cow price proxy is used because national price data are not available for milk cows sold for slaughter. The cull cow price
proxy currently used by the Dairy ICEC is the national price of 90-percent lean cutter cows (500 pounds and up) in dollars per hun-
dredweight on a live equivalent basis.

3 Oceania export prices are average prices for Australia and New Zealand combined.
4 Skim solids are also called nonfat solids. They include protein, lactose, and minerals found in milk.

> In the FMMO system, fluid milk processors usually pay higher prices for milk than dairy product manufacturers. This is accom-
plished through Class I differentials, which vary geographically throughout the United States.
2
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commercial use of dairy products are calculated by multiplying per-capita use projections (determined by
regression analysis) by population projections.

The model regression equations are estimated using the ordinary least squares method. Given the size of the
model, there are insufhicient degrees of freedom to employ simultaneous-equation estimators such as two-stage
least squares or three-stage least squares. Regression equations are tested for first-order serial autocorrelation
using the Godfrey test (Godfrey 1978a, 1978b).° Projections are simulated using the SAS statistical software
PROC MODEL procedure (SAS Institute, Inc., Version 9.4).

Milk fat and skim solids quantities associated with supply and demand elements are computed by using con-
version factors. For most products, production quantities are multiplied by the conversion factors to compute
milk fat and skim solids quantities. Exceptions are milk fat and skim solids used for butter production and
skim solids used for production of dry skim milk products. Butter and dry skim milk products are produced
from residual milk fat and skim solids that are available after production of all other dairy products. Conver-
sion factors are used to compute production quantities of butter and dry skim milk products from available
milk fat and skim solids (also called nonfat solids).

Milk fat and skim solids are allocated using conversion factors consistent with milk and dairy products. Prices
for dairy products, fluid milk, and milk prices received by dairy farmers are solved within the model to achieve
equilibrium conditions for supply and demand. Most dairy product prices included in the model are whole-
sale prices, and dairy product prices discussed in this report are wholesale prices unless otherwise specified.

The model includes variables and equations from the Federal Milk Marketing Order system. Many details
concerning the Federal Milk Marketing Order system are not covered in this Technical Bulletin. For more
information, see the Federal Milk Marketing Orders website, maintained by USDA, Agricultural Marketing
Service (AMS), and Federal Milk Marketing Orders: An Overview (Greene, 2022).

Historical data and conversion factors are used for estimating quantities of milk fat and skim solids required
for producing dairy products. These milk and component uses are classified on a basis consistent with the
Federal Milk Marketing Order (FMMO) system as follows:

Class I — fluid uses

Class II — soft manufactured products (ice cream, cottage cheese, yogurt, etc.)
Class IIT — cheese

Class IV — butter, dry skim milk products,” whole dry milk, and canned milk.

In 2020, about 62 percent of the U.S. milk sales volume was pooled in the FMMO system. Even though
there is some U.S. milk that is not included in FMMO pools, the model includes class utilization for the
United States as a whole and applies FMMO class prices to all U.S. milk to compute a U.S. “blend price.”
This simplifying assumption is based on the premise that prices for milk not pooled through the FMMO
system are usually similar to prices of milk pooled in the FMMO system due to competitive factors.” The all-

¢ The Godfrey test p-values for first order correlation are displayed in the regression tables of this report. The null hypothesis of the
test is that there is no serial correlation. If the p-value is below a critical value (perhaps 0.1 or 0.05), the null hypothesis that there is no
serial autocorrelation is rejected.

7 Dry skim milk products include nonfat dry milk, skim milk powder, and dry skim milk for animal use.
8 The term “canned milk” in this documentation refers to evaporated or sweetened condensed milk in consumer-type packages.

9 There are certainly unusual circumstances when prices for milk pooled on FMMOs are substantially different from prices for milk
that is not pooled. For example, in 2020, market disruptions from COVID-19 and the Federal Government response to the pandemic
resulted in substantial differences. Shocks such as these cannot be anticipated in model projections.
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milk price projections are based on a correlation between the historical U.S. blend price calculated for model

purposes and the actual all-milk price.'”

Fluid use data are obtained from USDA, ERS. Milk fat and skim solids content for fluid milk are estimated
from FMMO data.!! Modeled manufactured products include American-type cheese (hereafter referred to as

),12 other-than-American cheese (hereafter referred to as other cheese),!? butter, canned milk,

American cheese
dry whole milk, dry skim milk products, total frozen products, and other Class II products (hereafter referred
to as Other Class II). Data for manufactured products, as reported by the USDA, National Agricultural
Statistics Service (NASS), are used for all modeled dairy products except for Other Class II. Other Class 11 is
treated as a composite solids-equivalent product, calculated for historical data purposes as the residual milk fat

and skim solids, after meeting all other modeled product requirements.

The parameter estimates in this report were determined in October 2021. Most of the model’s supply and de-
mand equations are estimated using data from years 1990 through 2020. In some cases, the starting years for
parameter estimates are more recent due to data limitations or substantially changing circumstances. Regres-
sion parameters are usually updated each year based upon the most recent complete annual data. Equations
may be re-specified using a different structure if changes in the data warrant such re-specification or if the
modeler finds a way to improve upon the previous model structure.

Accounting for Milk Fat and Skim Solids

Dairy markets are, in a sense, markets for milk components, which include milk fat and skim solids (protein,
lactose, and minerals). The USDA Annual Dairy Sector Model includes extensive accounting of milk fat and
skim solids. The milk fat and skim solids pounds required to produce each type of product are established by
multiplying the production quantities of each of the products listed in table 1 by the appropriate conversion
factors, as listed in the table. (For example, the quantities of milk fat and skim solid associated with butter
production are 80.50 percent and 1.85 percent, respectively, of the product weight of butter produced.) The
production quantity of all frozen dairy products combined is treated as though it is an aggregate composite
product, including all regular ice cream, ice cream varieties with lower fat, frozen yogurt, sherbet, and other
frozen dairy products. The milk fat and skim solids conversion factors for the aggregate frozen product are
recent-year weighted averages across all frozen products. The production quantity of milk solids in all Other
Class II products (mostly soft products other than frozen, such as yogurt, cottage cheese, etc.) is treated as
though it is an aggregate composite product. Since historical data are not available for production of all Class
IT products, the U.S. Other Class II milk solids requirements are estimated for the historical period as the
residual milk fat and skim solids left after accounting for all solids in Class I, III, IV, and total frozen

10 According to the USDA, NASS website, the all-milk price “represents the gross price farmers.. .received in the given month per
hundredweight (cwt) of milk sold at average fat test. The gross price is before deductions for items such as hauling and stop charges,
advertising and promotion costs, and coop dues. It does not include hauling subsidies, but does include premiums and discounts for
quality, quantity, or other reasons. The price per hundredweight equals total gross receipts divided by pounds of milk sold and multi-
plied by 100.”

1 A California FMMO was established in November 2018. Fluid milk data for California prior to this are from the California
Department of Food and Agriculture.

12 American cheese includes Cheddar, Colby, Monterey, Jack, washed curd, and stirred curd.

13 Other-than-American cheese includes all natural cheeses other than those included for the American cheese category. The most
prominent types are mozzarella, other Italian types, cream cheese, and Swiss cheese. According to the U.S. Dairy Export Council,
more than 600 varieties of cheese are manufactured in the United States (U.S. Dairy Export Council, 2023). The other-than-American
cheese category in the model does not include cottage cheese, which is a Class II product.
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products. The proportions of the solids (milk fat versus skim solids) in Other Class II for the projection period
are estimated based on recent trends.

Note that in table 1, the percentages of milk fat and skim solids add up to greater than 100 percent for
American cheese and other cheese categories. The reason is that the weighted averages listed reflect the milk
solids required for production, not the milk solids in the final product. Some of the milk solids used in cheese
production go into the whey stream instead of the cheese, and some of the milk solids are lost in the process.

Table 1
Dairy product conversion factors (percentages)
Milk fat and skim solids required per product unit
Products Milk fat Skim solids
Producer milk 401 1 3031 10453 n 503 867 m 305110 608 1n 2031
Fluid milk Increases gradually from Increases graduall_y from
2.191n 202110 2.38 in 2031 913 in 2021 to 9.17 in 2031
Butter 80.50 1.85
American cheese 32.82 85.10
Other cheese ? 24.88 85.90
Nonfat dry milk 0.80 95.20
Canned milk 9.75 22,75
Dry whey 1.00 94.00
Dry whole milk 26.71 70.82
Frozen products 3 914 9.96
Other Class ll milk solics ¢ 813 i 2021 to 621 in 2001 36 n 2071 1o 378 in 2051

"Based on Van Slyke Formula for Cheddar cheese. Milk-fat and skim-solids percentages for both American cheese and other cheese
add to greater than 100 percent because the factors reflect solids required for production, not actual percentage in final product.
2Based on weighted average conversion factors of other cheeses.

3 Composite frozen product category that includes ice cream, sherbet, and frozen yogurt.

4 Other Class Il composite solids equivalent product.

Source: USDA, Economic Research Service, Dairy Data (Supply and Utilization of Milk Fat and Skim Solids by Product); and USDA,
Agricultural Marketing Service, National Econometric Model Documentation, for Model Calibrated to USDA Agricultural Baseline Pro-
Jections to 2016.

The allocation of milk fat among dairy products is illustrated in figure 1. The same type of diagram could be
made for skim solids by substituting the words “skim solids” for “milk fat” and interchanging the words “dry
skim milk products” and “butter.” For the projection period, milk fat and skim solids (milk components) are
estimated for milk marketings (milk production minus farm use). Milk components are allocated for Class I
products based upon domestic use of fluid milk, with adjustments for exports and fortification. Class II milk
components are allocated based upon the projected production of Class II products (frozen dairy products
and Other Class II), with some adjustments for projected ingredient imports and exports not elsewhere speci-
fied in the model. Class III milk components are allocated based on the projections of cheese production,
minus dairy ingredients used in cheese. Milk components available for Class IV products are determined by
subtracting Class I, II, and III components from milk marketings. Within the Class IV category, production
quantities for butter and dry skim milk products are projected from residual milk fat and skim solids available.
Note that even though butter and dry skim milk product production quantities are calculated from residual
components, prices play a vital role, as cheese production equations include ratios of gross returns for cheese
manufacturers to gross returns for manufacturers of butter and dry skim milk products.

5
Documentation for the USDA, Economic Research Service Annual U.S. Dairy Sector Econometric Model, TB-1961
USDA, Economic Research Service



Price Transmission

Price-transmission relationships in the model are displayed in figure 2. Market-clearing prices for major dairy
products in the model are projected using balance equations that equate supply and demand variables. Given
the simultaneous structure of the model, major dairy product supply and use quantities are functions of prices
(along with other variables), while at the same time, prices are determined by supply and use.

Figure 1
Allocation of milk fat among dairy products in ERS Annual U.S. Dairy Sector Model

Milk fat from milk production

- Milk fat from farm use

Milk fat from marketings

U.S. Class I milk fat
Domestic use of fluid milk + exports - fortification

U.S. Class Il milk fat used for production of:

Frozen dairy products Other Class Ildomestic use Import and export adjustments
Less ingredients from other dairy Products not elsewhere Subtractimports of MPC,'
= products used in fortification specified in the model casein products, and products

not elsewhere specified.

Add exports of products not
elsewhere specified.

U.S. Class Ill milk fat used for production of:

- American cheese Other cheese Less ingredients from other
dairy products used in cheese

Equations for cheese production include gross return ratios for manufacturers
(gross returns for cheese / gross returns for butter and dry skim products)

U.S. Class IV milk fat used for production of:

Class IV products other than butter

Dryskim milk products® Canned milk Drywhole milk MPC

— Milk fat used for butter production

TMPC = milk protein concentrate.
2 Dry skim milk products include nonfat dry milk, skim milk powder, and dry skim milk for animal use.

Note: The same type of diagram could be made for skim solids by substituting the words "skim solids" for "milk fat" and interchang-
ing the words "dry skim milk products" and "butter."

Source: USDA, Economic Research Service (ERS).
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Figure 2

Price transmission in ERS Annual U.S. Dairy Sector Econometric Model

Prices in yellow

Quantities in green

Market-clearing commodity prices for Cheddar cheese, butter, nonfat dry milk, and dry whey

(solved byequations that balance supplyand demand for these products)

/

/

Supplyand use
variables for
American cheese,

Supplyand FMMO component prices:
use variables protein, butterfat, nonfat solids, and other solids
for dry whey l

l

other cheese, butter,

FMMO minimum milk-fat and skim milk prices for Classes |, Il Ill, and IV

dryskim milk
products

'

U.S. Class Il price
attest

4 \

Retail price of
ice cream

v

CPI for other dairy
products

v

Frozen demand

Other class Ildemand

v

N/

U.S.Class llland IVuses
of milk fat and skim milk

U.S. Class Il use of

N

/

milk fatand skim milk

W

FMMO Class I price at
3.25 percent milk fat
plus weighted average
Class I differential

v

CPI for fresh whole milk

J
| Fluid use

v

U.S. Class luse of
milk fatand skim milk

Milk fat and skim

|

U.S. weighted average butterfat and skim milk prices

|

solids from milk
marketings

A l

l

U.S. all-milk price at test

U.S. weighted average blend price at 3.5 percent butterfat

U.S. all-milk price at 3.5 percent butterfat

<«

Milk-feed ratio,
previous year

!

N\ Milk per cow,
. . . current year
Exogenous feed prices —» Milk-feed ratio Cull cow p:lce/all-mllk et 1
A 4 n .
| Milk cow numbers, current year |— M'Lku‘?:ggtuy?é?n’

v

v

Milk per cow,

following year

Milk cow numbers, following year

| 7

\4

| Milk production, following year |

Milk marketings

(milk production
minus farm use)

FMMO = Federal Milk Marketing Order. CPl = consumer price index.
Source: USDA, Economic Research Service (ERS).
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FMMO component and milk class price projections are computed from dairy product prices based on
FMMO formulas (see appendix C). Since actual FMMO class prices are calculated from monthly and weekly
dairy product pricing factors, but model class price projections are calculated from annual dairy product pric-
ing factor projections, some simplification is necessary for modeling purposes. Advanced pricing and pricing
factors are not included in the model.!4 The model FMMO formulas are the same as actual FEMMO formulas,
with the word “advanced” stricken in each place that it appears. The formulas applied to monthly prices for
FMMOs are applied to annual average prices for model projections.

In the model, the FMMO Class I price is calculated for milk at 3.25 percent milk fat, with the weighted-av-

erage Class I differential for all FMMOs combined for the most recent historical year in the data. The FDA!®
minimum milk fat requirement for packaged milk sold to consumers as whole milk is 3.25 percent. The CPI
for fresh whole milk is projected using the historical relationship of the CPI and the Class I price at 3.25 per-
cent milk fat. This CPI for fresh whole milk is used in the regression equation for fluid milk demand.

The U.S. Class II price at test!® plays a role in projecting production quantities of Class IT products, while at
the same time, production quantities of Class II products play a role in projecting the U.S. Class II price at
test. Historical relationships are used to project the average retail price of ice cream and the CPI for “other
dairy products,” i.e., dairy products not covered by other dairy-related CPIs. These retail proxies are used in
regressions to project demand for frozen products and Other Class II. Projected quantities for these products
determine the weights of milk fat and skim solids that are used to project the Class II price at test.

Conversion factors are used to estimate corresponding U.S. classified milk quantities for milk fat and skim
milk from the projected dairy product quantities.!” The U.S. classified milk quantities are combined with
FMMO minimum milk prices to calculate U.S. weighted-average butterfat and skim milk prices. The classi-
fied milk quantities for milk fat and skim solids are used, along with FMMO minimum classified prices, to
estimate U.S. weighted-average butterfat and skim milk prices. These butterfat and skim milk prices are then
used to estimate a weighted-average U.S. “blend price” at 3.5 percent butterfat. A regression using this U.S.
blend price projects an all-milk price at 3.5 percent butterfat. The all-milk price at 3.5 percent butterfat is
then converted to an all-milk price at test.

The projected all-milk price at test is used as the numerator in the milk-feed ratio'® and the denominator in
the cull cow price/milk price ratio. A modeled regression for the average annual number of milk cows includes
the milk-feed ratio of the previous year and the cull cow price/milk price ratio for the current year. A modeled
regression equation for average milk per cow includes the milk-feed ratio of the previous year. Milk produc-

14 Actual component prices used to compute the Class I milk price and the Class IT skim milk price are announced by USDA, AMS
in advance of a specific pricing month (no later than the 23rd of the previous month) using 2-week weighted-average wholesale product
prices. Component prices used to compute the Class III and IV milk prices (and the milk fat component price used to calculate the
Class IT milk price) are announced by USDA, AMS after a specific pricing month (no later than the 5th of the following month) using
4- or 5-week wholesale product price weighted averages. For more information, see the Milk Marketing Order Statistics webpage,
maintained by USDA, Agricultural Marketing Service.

15 FDA = U.S. Department of Health, Food and Drug Administration.

16 Reference to a milk price “at test” designates that the price is based on the milk fat and skim solids percentages of the milk. Milk
fat and skim solids percentages of producer milk are determined through laboratory tests.

17 Dry whey is a special case. While the dry whey price is one of the prices used in calculating the FMMO Class III price, dry whey
production quantities are not directly used in determining Class III milk fat and skim milk quantities. The model does not include
a full accounting of all the products made from whey. The model conversion factors for cheese are based on milk “used to produce”
cheese, including milk that goes into the whey stream. This accounting is similar to accounting for Class III milk pooled in the
FMMO system.

18 The milk-feed ratio is an estimate of the number of pounds of 16-percent protein mixed dairy feed equal to 1 pound of whole
milk from the farm. The ratio is calculated as the all-milk price divided by a feed-proxy value. USDA, National Agricultural Statistics
Service calculates the feed-proxy value using prices for corn, soybeans, and alfalfa hay. For modeling purposes, USDA, ERS has substi-
tuted the soybean meal price in place of the soybean price in the feed proxy value as follows: feed value = 0.991 x corn price per bushel
+0.133 x ((soybean meal price per short ton/ 0.9)/2000) x 60 + 0.0205 x alfalfa hay price per short ton.
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tion is determined by multiplying milk cows by milk per cow. Milk marketings are calculated by subtracting
farm use from milk production. The milk marketings, along with milk fat and skim-solids tests (exogenous
variables in the model), determine milk fat and skim solids available for milk to be used in all four classes of
dairy products, which in turn affects all the dairy products and milk prices in the model.

Milk Supply

The model estimates milk production via average milk per cow and average annual number of cows (table 2). The year-
over-year difference in average number of cows is estimated as a function of the milk-feed price ratio of the previous
year,!? the ratio of a cull cow price proxy to the all-milk price, and trend variables. The cull cow price proxy currently
used is the live equivalent of 90-percent lean cutter cows, 500 pounds and up, as reported in the Livestock, Dairy, and
Poultry Outlook report published by USDA, ERS. The change in the number of cows is then calculated as the sum of the
year-over-year difference in the number of cows in the current year and the number of cows in the previous year. Milk
production per cow is estimated as a function of the previous year’s milk-feed price ratio and trend variables. A term

that includes a dummy for years after 2014 times the trend has a negative coefficient, reflecting a decrease in the upward
movement of the trend in milk per cow in recent years. There is a tradeoff between milk components and milk produc-
tion of cows. Perhaps the slower growth in milk per cow in recent years reflects the higher growth in milk components.

The regressions indicate a very inelastic response of the milk supply to prices in the previous year. For both equations,
point price elasticities were calculated at means of the variables over the historical period. For the number of milk cows
and average milk per cow, estimated point price elasticities for a 1-year lag of milk-feed ratio of the previous year are
0.031 and 0.016, respectively. For the number of milk cows, the point price elasticity for the ratio of the cull-cow price
to all-milk price of the current year is —0.013.

Table 2
Milk supply equations (using annual data from 1990 to 2020)
Godfrey
test 1st
Elasti- R- order
Dependent variable | Parameter '?2 Estimate  tValue Pr>|t] cities® Square | (P-value)
Intercept -363.800 -4,93 <.0001 0.6981 0.3003
Year-over-year lag (All milk price / feed value) 121.056 5.23 <.0001 0.031
ﬁh‘;:‘ger'nfam"ﬁrkage Cull cow price proxy / all milk price -15.263 -1.04 0.3087 -0.013
s Dummy for years after 2004 121.963 513 <.0001
Dummy for years after 2010 79.544 2,74 0.01
Intercept 14,091.050 81.61 <.0001 0.998 0.8915
Average milk lag (All milk price / feed value) 133.218 2,55 0.0171 0.016
per cow Trend [year - 1989] 315.654 7861 <.0001
Dummy for years after 2014 x trend -11.316 -4.37 0.0002

' For years when the Milk Income Loss Contract (MILC) program was in operation, adjustments have been to the all-milk price to
account for payments received by dairy operations that produced less than the annual production cap. For more information, see
appendix D.

2The cull cow price proxy currently used is the live equivalent of 90-percent lean cutter cows, 500 pounds and up, as reported in the
Livestock, Dairy, and Poultry Outlook report published by USDA, Economic Research Service.

3 Point elasticities at the means of the variables are displayed. Although the dependent variable in the first equation is the year-over-
year change in milk cows, the elasticities displayed reflect the percentage changes in milk cows relative to the explanatory variables.

Source: USDA, Economic Research Service analysis using data from USDA, National Agricultural Statistics Service; USDA, Agricul-
tural Marketing Service; and USDA, Farm Service Agency.

19 Milk production variables, both the number of milk cows and milk per cow, tend to respond to milk prices and input prices with
lags of several months. Sometimes the responses occur within the same calendar year, but at other times, the responses span from 1 cal-
endar year to the next. Moreover, while changes in prices have effects on the milk supply, changes in the milk supply also have effects
on prices. For these reasons, it would be difficult for an annual model to capture a same-year supply response to the milk-feed ratio.
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Bozic et al. (2012), using data from 2006 to 2010, also found that the price responses of the milk supply were
very inelastic with a 1-year lag. In that study, the effects of milk and feed prices were examined as separate
terms, and results were reported for both milk production and milk cow numbers. Price elasticities for milk
production, with respect to the milk price and feed value of the previous year, were estimated to be 0.094 and
—0.031, respectively. Price elasticities for milk cow numbers, with respect to the milk price and feed value of
the previous year, were estimated to be 0.070 and —0.034, respectively.

For years when the Milk Income Loss Contract (MILC) program was active (2002—13), the milk-feed ratio
was adjusted in the model to account for estimated payments to relatively small dairy operations that did not
exceed the production cap for the program. A dairy operation in this category would have received higher
revenue for each additional pound of milk produced, providing an incentive to increase production. Adjust-
ments to the milk-feed ratio to account for historical MILC payments to small producers help to improve
the regression coeflicients used in projecting milk cow numbers and milk per cow. See appendix D for more
information concerning adjustments that were made. Considerable difficulties exist in attempting to model
possible supply responses to more recent Government risk management programs and direct payments to
dairy farmers. Thus, this model does not account for such possible supply responses. See appendix E for more
information concerning these issues.

Leap-year adjustments for milk production and milk per cow are made for applicable years in the projec-
tion period. Milk marketings are calculated as milk production minus farm use (an exogenous variable in the
model). Projections of milk fat and skim solids from marketings are calculated using exogenous milk fat and
skim-solids tests, as determined by judgment of the Dairy ICEC.

Demand for Fluid Milk and Dairy Products

Per capita demand quantities for fluid milk and manufactured dairy products are estimated as functions of
product prices, real per capita income, and other factors (table 3). For the most part, dairy product prices are
deflated by the CPI for all products.?? For the butter demand equation, deflating the butter price by the CPI
for food results in a regression that more closely fits the data. Real per capita income is reported by the U.S.
Department of Commerce, Bureau of Economic Analysis. Total consumption for each specific product or
product aggregate is specified as per capita demand times the projected population for each year. Leap year
adjustments are made for applicable years in the projection period.

Fluid milk demand responds to the CPI for fresh whole milk and real per capita disposable income. While most
of the demand equations are in log-log form, a year-over-year specification better fits the data for per capita milk
consumption. A dummy for years after 2009 accounts for the greater decline in fluid milk consumption in recent
years. A recent USDA, ERS study found that per capita milk consumption in the 2010s fell significantly for chil-
dren, teenagers, and adults (Stewart et al., 2021).

20 The calculation to adjust for inflation to obtain a real price is: nominal price/(CPI for all products/100); or equivalently: (nominal

price/CP1 for all products) x 100.
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Table 3

Per capita demand equations (using annual data)

Godfrey
test
Dependent Elasti- R- 1st order
variable Period Parameter 12 Estimate t-Value Pr>|[t| cities3 | Square | (P-value)
Intercept -116.574 -2.58 0.0161 0.9981 0.4623
I;:)(()()CPI fresh whole milk / CPI all) x -6.375 164 01133 -0.035
Year-over-year . ;
change for per 1990- !n (Real per capita disposable 12.530 346 00020 0.069
capita fluid milk | 2020 | income)
consumption In (Food away from homg expendi- -16.94 217 00394
tures / total food expenditures)
Dummy for years after 2009 -3.399 -4,72 <.0001
Intercept -5.134 -3.700 0.001 0.9724 0.4792
In ((Butter price / CPI food) x 100) -0.056 -1.870 0.074 -0.056
In (E}utter per 1990- !n (Real per capita disposable 0.604 3.770 0.001 0604
capita 2020 income)
consumption i
ption) lag (In (butter consumption per -0.056 3300 0003
capita))
Dummy from years 2002 to 2010 -0.056 -3.300 0.003
Intercept 0.389 035 0.7299 0.9890 0.0378
In (Cheddar cheese price / CPI all) -0.066 264 00138 -0.066
In (Cheese per | 100 % 100)
capita 2020 | In(Real per capita disposable 0.304 288 00078 0.304
consumption) income)
Trend [year - 1989] 0.008 4,48 0.0001
Dummy for 2009 -0.028 -1.80 0.0836
Intercept 1413 9.81 <.0001 0.5900 0.3359
In (Bry skim milk ((Nonfat dry milk price / CPl all) x100)  -0.002 -1.26 02328 -0124
S L 27 2005~ Frend [year - 2004] 20022 -317 00089
capita 2020
consumption) Dummy for 2006 -0.211 -1.80  0.0999
Dummy for 2012 0.190 1.84 0.0927
Intercept 2.842 1412 <.0001 0.8852 0.6040
'C"a('ﬁ;yc"g:gmer 1990- | In ((Dry whey price / CPI all) x 100) 20364  -469 <0001 -0.364
tio‘r)'n) P~ 12020 | Trend [year - 1989] -0.417 -11.68 <.0001
Dummy for years before 1992 -0.568 -4.94 <.0001
Intercept -0.509 -0.32 0.7551 0.9661 0.1662
In (Frozen prod- In ((Retail price of ice cream / CPI all) 0185 258 00156 -0185
. 1990- x 100) . . . '
ucts per capita 2020
consumption) In (Real per capita disposable icome) 0.384 241 0.0230 0.384
Trend [year - 1989] -0.017 -5.99 <.0001
Intercept 2,735 1.79 0.0871 0.5779 0.0445
I;l%%fl other dairy products / CPI all) -0.868 291 00084 -0.868
In (Other Class Il 1995- R
solids per capita 2020 !n (Real per capita disposable 0.277 242 00246 0.277
consumption) income)
Dummy for 2000 -0.144 -1.92 0.0679
Dummy for 2002 -0.202 -2.72 0.0128

TCPI = Consumer Price Index.

2Real per capita disposable personal income is in $1,000s.
3 For terms that do not have constant elasticities, point elasticities are computed at the means of the variables. For the fluid milk
quantity consumed, elasticities are computed for the fluid milk quantity consumed, not the change in fluid milk quantity consumed.

Source: USDA, Economic Research Service analysis using data from USDA, National Agricultural Statistics Service; USDA, Agricul-
tural Marketing Service; USDA, Farm Service Agency; USDA, Foreign Agricultural Service; and U.S. Department of Labor, Bureau of

Labor Statistics.
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Domestic demand quantities for hard manufactured products (butter, cheese, dry skim milk products, and dry
whey) respond to associated wholesale prices included in the model. The regression for dry skim milk products is in
a log-linear form, since the price response was a better fit than an equation in log-log form.

Income responses are found to be significant for butter and cheese but not for dry skim milk products and dry
whey. For dry skim milk products, only data since 2005 were used to better represent the state of the industry in
recent years. Since 2005, there has been a downward trend in the consumption of dry skim milk products. This
trend may, in part, be due to a greater export demand bidding some of these products for the domestic market.
For frozen products, demand responds to the average retail price of ice cream, real per capita disposable income,
and trend. The demand for Other Class II responds to the CPI for other dairy products and per capita disposable
income. For all the per capita demand equations except for frozen dairy products, dummy variables are included in
the equations to improve statistical results.

Price and income elasticities are included in table 3. In cases where equations are in the log-log form, the coef-
ficients for the parameters can be interpreted as elasticities. In cases where there are not constant elasticities, point
elasticities are reported at the means of the variables. Price and income demand elasticities are all inelastic, which
is typical for food products. Price elasticities estimates range from —0.035 for fluid milk to —0.868 for Other Class
I1. Staple products such as fluid milk would be expected to be very price inelastic. Products that are considered
less essential, or luxury goods, are not as inelastic. Some Other Class II products may fall in this category. Income
elasticity estimates range from 0.069 for fluid milk to 0.604 for butter.

Inelastic demand responses to both price and income were also reported for dairy products in a USDA Report to
Congress concerning Dairy Checkoff Program?! 2018 activities (USDA, 2020). In an independent analysis for the
report, Texas A&M University researchers (using quarterly data from 1995.1 to 2018.4) estimated own-price elas-
ticities for butter, cheese, and fluid milk of —0.121, —0.137, and —0.075, respectively. Price elasticities for all dairy
products combined were estimated to be —0.066 on a milk-fat milk-equivalent basis and —0.063 on a skim-solids
milk-equivalent basis.?? The Texas A&M researchers estimated that butter and cheese inelastic income responses
were 0.276 and 0.518, respectively. For fluid milk, the Texas A&M income elasticity estimate was —0.441, inelastic
and negative, implying that fluid milk is an inferior good. While the USDA, ERS model income elasticity for fluid
milk is not negative, it is very small (only 0.069).

While we did not find elasticity estimates in the literature for all frozen products combined as estimated in the
USDA, ERS model, estimates for specific products have been published. Using quarterly household scanner data
from 1988 through 1992, Bergtold et al. (2004) estimated demand elasticities for several processed foods includ-
ing ice cream and yogurt. Price elasticities were estimated to be inelastic and varied by quarter, ranging from
—0.810 to —0.910.

Differences between model elasticities displayed in table 3 and those from existing literature can be attributed to
differences in methods, time periods, and the data series used in the analyses. Price elasticity analyses that make use
of household scanner data (based on variations among households and specific products) tend to show higher price
elasticities than analyses of annual national aggregates (based on variations for broad product categories over the
years). While retail prices are commonly used for demand analysis, wholesale price proxies are used for most
products in the USDA, ERS model—with the exceptions of fluid milk, frozen products, and Other Class II.
Wholesale price elasticities tend to be smaller than retail price elasticities. Since a wholesale price for a particular
product is lower than a retail price for that product, a marginal change at the wholesale level is larger in percentage
terms than an equal marginal change at the retail level. Moreover, wholesale prices are known to be more variable

21 Two research and promotion programs, overseen by USDA, Agricultural Marketing Service, are commonly called Dairy Check-
off programs. These programs include the Dairy Promotion and Research Program and the Fluid Milk Processor Promotion Program.

22 To analyze aggregate demand for dairy products, product quantities are often converted to a common milk equivalent, usually
based on the milk-fat content of the products (milk-fat milk-equivalent basis) and the skim-solids content of the products (skim-solids
milk-equivalent basis).
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than retail prices, as retailers do not typically pass along all the price variations in wholesale prices to consumers.
For these reasons, percent changes in wholesale prices tend to be relatively large in comparison to corresponding
percent changes in quantities demanded.

For some products, we could not find comparable elasticities for U.S. demand in recent literature. These include
dry skim milk products, dry whey, and Other Class II. Most demand analyses in existing works are for retail
products, not products typically used as ingredients, such as dry skim milk products and dry whey. Other Class II
is a product aggregate constructed for USDA, ERS modeling purposes. While some elasticities are reported in the
literature for products in the category, comparisons of these elasticities to the ERS model estimates are not particu-
larly useful since none of the specific Other Class II products dominate the category.

Since retail prices and retail price indices are used for some demand equations, they must be projected (table 4). All
retail prices and price indices are deflated by the CPI for all products.

Table 4
Equations for retail prices and retail price indexes (using annual data)
Godfrey
test 1st
Dependent Elasti- R- order
variable ! Period Parameter 2 Estimate t-Value Pr>|[t| cities® | Square | (P-value)
Intercept 0.003 2.03 0.0527 0.9671 0.1617
Retail ice cream | 1990~ | U-S. Class Il price at test / CPI all 0.014 2.89 0.0076 0.086
price / CPI all 2020 | |ag (Retail ice cream price / CPI all) 0.745 9.48 <.0001
Dummy for 2009 to 2012 0.001 4.00 0.0005
Year-over-year Intercept 0.000 -0.07 0943 0.8910 0.6856
change for (CF_’I 1990- | Year-over-year change for (Class |
fresh whole milk | 2020 | price at 3.25 fat percent with average 3.069 9.23 <.0001 0.297
/ CPl all) Class | differential / CPI all)
In (Retail price, Intercept -4.045 -587 <.0001 0.9799 0.8336
fresh whole 1990- | In (CPI fresh whole milk / CPI all) 1.283 21.08 <.0001 1.283
mg:" Tlortlfled /12020 | pummy for years before 2001 0.067 732 <.0001
Cpiall) Dummy for years after 2011 -0.059 -6.7 <.0001
Intercept 0.140 1.91 0.067 0.965 0.0374
In (CPI other In (U.S. Class Il price at test / CPI all) 0.100 319 0.0037 0100
dairy products / 12%92%_ lag (In (CPI other dairy products / 0.854 1108 <.0001
CPl all) CPI all)) ' ' '
Dummy for years after 2015 -0.023 -1.72 0.0967
In (CPI food / 1990- | Intercept 0.000 015 0.8855 0.9864 0.0648
CPI all) 2020 | lag (In (CPI food / CPI all)) 0.920 1011 <.0001 0.920

TCPI = Consumer Price Index.

2The U.S. Class Il price at test is based upon estimated utilization of milk components used in Class Il products consumed in the
United States.

3 For equations where elasticities are not constant, point elasticities are computed at the means of the variables.

Source: USDA, Economic Research Service analysis using data from USDA, Agricultural Marketing Service, and U.S. Department of
Labor, Bureau of Labor Statistics.

The retail price of ice cream is estimated as a function of the U.S. Class II price at test (i.e., based on estimated U.S.
milk fat and skim milk in Other Class II), a lag of the retail price from the previous year, and a dummy variable to
obtain a better fit. For the CPI for fresh whole milk, a year-over-year specification is found to be a good fit to the
data; it is estimated as a function of the Class I price at 3.25 percent milk-fat test plus the weighted-average Class I
differential. The average retail price for fresh fortified whole milk in gallons is estimated in the model as a function
of the CPI for fresh whole milk. The CPI for other dairy products also responds to the U.S. Class II price at test,
the CPI for all dairy products, a lag of the CPI for other dairy products from the previous year, and a dummy for
years after 2015. The real CPI for food is estimated as a function of the previous year’s real CPI for food.
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Manufacturing Allocation

Production of cheese, butter, and NDM depends, in part, on relative gross returns of these products to
manufacturers (gross values in table 5). Equations in the model are used to estimate these gross values based
on components in the associated products. The Cheddar cheese price is used as the proxy cheese price in the
equation for the gross value of American cheese, which is mostly Cheddar. The mozzarella price is used as the
proxy cheese price in the gross value equation for other cheese since mozzarella is the most prominent variety
in the other cheese category and a price series for mozzarella is available. The mozzarella price is estimated in
relationship to the Cheddar cheese price, the mozzarella price of the previous year, a dummy for 1995-98,
and a dummy for 2010-12.

Table 5
Gross value and mozzarella price equations
Product Gross value equation
American cheese (Cheddar cheese price/100) x 10.043 + (butter price/100) x 0.304

+ (dry whey price/100) x 6.1381

Other cheese Mozzarella cheese price X 9.455 + (butter price/100) x 2.1 + (dry whey price/100) X 6.254

Butter and nonfat dry milk | (Butter price/100) x 4.475 + (nonfat dry milk price/100) x 8.998

Econometric estimation of mozzarella price

Godfrey test
1st order
Dependent variable Parameter ' Estimate t-Value Pr>|t| | R-Square (P-value)
Mozzarella price Intercept 0.260 2.69 0.0126 0.9589 0.2098
Cheddar cheese price 0.008 14.38 <.0001
lag (Mozzarella price) 0.315 5.76 <.0001
Dummy for 1995 to 1998 -0.129 -3.59 0.0014
Dummy for 2010 to 2012 0.1M 2.96 0.0066

"The mozzarella price is in dollars per pound, but the other wholesale dairy product prices are in cents per pound.

Source: USDA, Economic Research Service analysis using data from USDA, Agricultural Marketing Service.

The coefficients in the gross value equations are based upon estimated product yields per 100 pounds of milk.
For American cheese, using Cheddar cheese as a proxy, 100 pounds of producer milk is estimated to yield
about 10.043 pounds of cheese, with 0.304 pounds of whey cream butter and 6.1381 pounds of dry whey
estimated as the byproduct quantities. Thus, multiplying these coeflicients by the associated commodity prices
and summing the values provides a proxy for the gross value of the milk used in American cheese manufactur-
ing. For other cheese, using mozzarella as a proxy, 100 pounds of producer milk are estimated to yield about
9.455 pounds of cheese, 2.1 pounds of whey cream butter, and 6.254 pounds of dry whey. For the gross value
of butter and NDM, 100 pounds of producer milk is estimated to yield about 4.475 pounds of butter and
8.998 pounds of NDM.

The manufacturing allocation quantities of major dairy products are projected using historical USDA, NASS
data for American cheese, other cheese, and dry whey (table 6). American cheese production and other cheese
production are estimated as functions of gross values of these cheeses relative to the gross value of butter

and NDM. The equation for the production of American cheese is in log-log form and includes a lag of its
production and two dummy variables to account for outliers, in addition to the relative price variable. The
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equation for other cheese production is linear and includes dummy variables and a trend variable, in

addition to the relative gross-value variable. Dry whey production, as a ratio to cheese production, is estimated
as a function of the real wholesale price of dry whey, trend, and two dummy variables to account for outliers.
Projections for the production of dry whole milk and canned milk are exogenous values determined by the
judgment of the modeler.

Table 6
Manufacturing allocation equations (using annual data from 1990 to 2020)
Godfrey
test
Elasti- R- 1st order
Dependent variable Parameter 2 Estimate t-Value Pr>|t| cities® | Square | (P-value)
Intercept 0.232 113  0.2703 0.9833 0.376
In (Gross value American cheese /
gross value of butter and nonfat dry 0.106 172 0.0975 0.106
In (American cheese milk)
production) lag (In (American cheese production)) 0.974 39,05 <.0001
Dummy for 1991 -0.076 -3.04 0.0055
Dummy for 2003 -0.054 -219 0.0381
Intercept 2,331.881 8.99 <.0001 0.9974 0.050
Gross value other cheese / gross
value of butter and nonfat dry milk 551173 236 00265 0120
. Ti -1 145.4 421 < 1
Other cheese production [encllicanal o) 5.485 8 000
Dummy for 2007 355.815 3.7 0.001
Dummy from 2010 to 2019 x trend 12.095 543 <0001
[year - 1989]
Dummy for years after 2017 215.802 3.5 0.0017
Intercept -1.549 -3213 <.0001 0.8841 0.1043
) In (Dry whey price / CPI food) 0.017 073 0469 0.017
In (Dry whey production 'm0 1vear  19g0] -0035 -5150 <.0001
/ cheese production)
Dummy for 2001 -0.071 -2.24 0.0339
Dummy for 2014 -0.146 -4.25 0.0002

TGross values are estimates of returns to processors for use of milk in the applicable products. Gross values for cheese reflect val-
ues of the cheese and whey. The gross value for butter-powder reflects returns of butter and nonfat dry milk as co-products.

2CPI = Consumer Price Index.

3 For equations where elasticities are not constant, point elasticities are computed at the means of the variables.

Source: USDA, Economic Research Service analysis using data from USDA, National Agricultural Statistics Service; USDA, Agricul-
tural Marketing Service; and U.S. Department of Labor, Bureau of Labor Statistics.

Production quantities of butter and dry skim milk products are determined from residual milk fat and skim
solids left after milk fat and skim solids have been allocated to the other products using conversion factors
listed in table 1. Quantities of residual milk fat and skim solids are divided by conversion factors in table 1
to calculate production quantities of butter and dry skim milk products. Even though production quantities
of butter and dry skim milk products are allocated from residual milk fat and skim solids, the quantities are
dependent upon prices. Allocation quantities for both types of cheeses, butter, and dry skim milk products
depend upon relative prices due to the gross value terms in the cheese production equations.

While leap year adjustments are made for the production of most products for applicable years in the projec-
tion period, no explicit adjustment is made for dry whey production because of its relationship with cheese
production, which includes the adjustment.

Since some dairy products are used as ingredients in other dairy products, it is necessary to make adjust-
ments to avoid double counting milk solids. Historical data used to account for duplication are based on data
from Dairy Products, Utilization and Product Trends (published by the American Dairy Product Institute)
and calculations by the modeler. For the projection period, the proportion of dry skim milk products used in
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cheese to total cheese production is estimated as a function of trend and a dummy variable for the years before
2003. Condensed skim milk used in cheese is estimated in a negative relationship to dry skim milk products
used in cheese production (given that they are substitutes) and a dummy variable for 2006-18. Other types of
duplication, such as skim solids used for fluid milk fortification, are accounted for as constant percentages of
the applicable dairy product quantities produced.

Table 7
Duplication adjustment equations (using annual data from 2000 to 2020)

Godfrey
test
R- 1st order
Dependent variable Parameter Estimate  t-Value Pr>|t| | Square | (P-value)
In (Dry skim milk prod- Intercept -2.825 -18.31 <.0001 | 0.7307 0.3880
ucts used in cheese / Trend [year - 1999] -0.070 -6.15 <.0001
cheese production) Dummy for years before 2003 -0949  -481 0.0001
In (Cond d ski ik Intercept 6.762 6.05 <.0001 | 0.6764 0.0564
n( sl St Ielthliul In (Dry skim milk products used in cheese) -0.470 -2.31 0.0328
used in cheese)
Dummy for years 2006 to 2018 1.004 6.78 <.0001

Source: USDA, Economic Research Service analysis using data from USDA, National Agricultural Statistics Service and American
Dairy Products Institute.

Stocks

Year-end stocks are estimated for American cheese, other cheese, butter, dry skim milk products, and dry whey.
Estimating ending stock values is complicated by their volatility. Ending stocks are expected to have a negative
relationship with the annual price. In a year when prices are relatively high, owners of the stocks are more willing
to sell higher quantities than in years when prices are low, bringing down stock levels toward the end of the year.
The opposite is expected when prices are low in a particular year.

We found it problematic to estimate useful regression equations using annual ending stocks as the dependent vari-
ables and annual prices as the explanatory variables. For some products, the estimated relationships were found to
be insignificant. For other products, projections of ending stocks using such regression equations grow or shrink
to unreasonable levels. Perhaps stocks at the end of December each year tend to be more related to prices near the
end of the year than annual averages, or perhaps December ending stocks tend to reflect expectations for the fol-
lowing year more than reactions to annual averages for the current year.

For these reasons, a two-step process is used. In the first step (table 8), simple averages of the monthly ending
stocks in the last quarter of the year are estimated. For each equation, the ratio of the average last-quarter stock
value to the annual production quantity has a negative relationship with the product price. Dummy variables are
used to account for outliers and to obtain better regression statistics. In the second step, year-end stocks are esti-
mated from average stocks, reflecting the typical seasonal relationships that exist between average stocks for the last
quarter of the year and year-end stocks (table 9). Projections using this approach are found to be more reasonable
than projections using regressions for which annual ending stocks are estimated directly as functions of prices.
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Table 8

Stock equations: average for last quarter of the year (using annual data from 1990 to 2020)

Godfrey
test
Elasti- R- 1st order
Dependent variable 2 Parameter 3 Estimate t-Value Pr>|t| cities® | Square | (P-value)
Intercept 0.045 318 0.0038 0.7307 0.3880
Butter stocks, avg. last Butter price / CPI all -0.032 -1.79 0.0846 -0.361
qtr. / butter production Trend [year - 1989] 0.003 813 <.0001
for the year Dummy for 2002 to 2003 0.042 4,03 0.0004
Dummy for 1993 to 2000 -0.026 -3.71 0.001
i e S SeE, | AIETEE 0178 2153 <.0001 09840 | 01586
avg. last gtr. / American | Cheddar cheese price / CPI all -0.062 -6.21 <.0001 -0.358
cheese production for Dummy for 1994 and 1995 -0023  -550 <.0001
the year Dummy for years after 2009 0.013 552 <.0001
Other cheese stocks, Intercept 0.092 8.56  <.0001 09695 | 0.2531
avg. last qtr. / other Mozzarella price / CPI all -4.751 -513 <.0001 -0.987
cheese production for Dummy for 1997 -0.021 -3.62  0.0012
the year Dummy for years after 2007 0.020 860 <.0001
In (Dry skim milk product | Intercept -2.736  -22.02 <.0001 0.7451 0.9680
StOCkS.fO" human con- In (nonfat dry milk price / CPI all) -0.294 -1.53 01364 -0.294
sumption, avg. last atr. /- "5,y 6 2006 ~0877  -300 00056
dry skim milk products
production for the year)
Intercept -3.722 -21.25 <.0001 0.9300 0.3310
In (Dry whey stocks for In (Dry whey price / CPI all) -0.128 -1.51 01438 -0.128
human consumption, Dummy for 2007 and 2008 0.576 6.41 <.0001
avg. last gtr. / dry whey Dummy for 2009 to 2012 0.312 4.41  0.0002
production for the year) | pymmy for years after 2012 0.811 1456  <.0001
Dummy for 2017 0.307 2.52 0.0184

Tavg. = average.
2qtr. = quarter.

3 CPI = Consumer Price Index.
4 For equations where elasticities are not constant, point elasticities are computed at the means of the variables.

Source: USDA, Economic Research Service analysis using data from USDA, National Agricultural Statistics Service; and U.S. De-
partment of Commerce, Bureau of Labor Statistics.

Table 9
Annual ending stock equations (using annual data from 1990 to 2020)
Godfrey
test
R- 1st order
Dependent variable Parameter '2 Estimate® t-Value Pr>|t| | Square | (P-value)
Intercept -0.142 -110 0.2813 | 0.9751 0.0557
In (Butter stocks, endin
( 9) In (Butter stocks, avg. last qtr.) 1.007 34.22 <.0001
Intercept -0.023 -0.41 0.6861 | 0.9975 0.0776
In (American cheese stocks,
ending In (American cheese stocks,avg, last gtr.) 1.004 112.40 <.0001
In (Other cheese stocks, Intercept -0.003 -0.05 0.9581 | 0.9983 01451
ending) In (Other cheese stocks, avg. last gtr.) 1.002 112.85 <.0001
In (Dry skim milk product Intercept 0.616 4,07 0.0003 | 0.9773 0.6459
stocks, ending) In (Nonfat dry milk stocks, avg. last gtr.) 0.895 2842 <.0001
In (Dry whey stocks, ending) Intercept 0.447 3.05 0.0049 | 0.9593 0.2329
y y ! 9 In (Dry whey stocks, avg. last gtr.) 0.900 23.35 <.0001

Tavg. = average.
2gtr. = quarter.

3 Since equations are in double-log form with respect to price, coefficients can be interpreted as elasticities.

Source: USDA, Economic Research Service analysis using data from USDA, National Agricultural Statistics Service.
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Imports

U.S imports are estimated with regressions for butter, American cheese, other cheese, and milk components
of whey products other than dry whey.?? Imports of milk protein concentrate (MPC), fluid milk, and frozen
products are exogenous variables based on averages of imports in recent years. For other products imported,
aggregate milk fat and skim solids are estimated using regressions (table 10). Equations are estimated for
imports under free trade agreements (FTAs), non-quota other cheese, and imports subject to a tariff rate quota

(TRQ).

Imports of butter, American cheese, and most other cheeses are subject to TRQs that allow limited imports
at lower in-quota tariff rates and unlimited imports at higher over-quota tariff rates. Estimates of in-quota
and over-quota imports use data from the USDA, Foreign Agricultural Service (FAS) from 1995-2020. The
International Trade Commission (ITC) is the data source used for imports under FTAs.

Imports of butter and American cheese are segregated into two groups, those subject to most-favored-nation
TRQs and those under FTAs.24 Imports of other cheese include these two groups but also a third group:
non-quota imports of cheese from cows. Imports of cheese designated as from animals other than cows are not
included in the model.

For imports subject to quota, the data used begins in 1995, the year when the World Trade Organization
(WTO) began operating and TRQs became effective. Dummy variables are included to provide an adequate
fit for the equations. The dependent variable is the log of the imports subject to the quota minus the log of

the TRQ. The main explanatory variable in each equation is the domestic price?

minus the foreign export
price, raised to the third power. While the domestic price is projected by the model as an endogenous variable,
the foreign export price is an exogenous variable projected by the Dairy ICEC. This formulation allows for
imports to increase as the domestic price rises from low levels, level off at the TRQ level when the tariff is ef-
fective at limiting imports, and then rise further when the domestic price is high enough to encourage imports
above the TRQ level. In contrast to most tables, average point elasticities are not shown in table 10 because
price sensitivities change considerably over the range of price differences for imports subject to TRQs; a single

average point elasticity for each equation could be misleading.

The equation for butter imports subject to a quota includes a dummy variable for 2015-17 and a dummy
variable for years after 2017, reflecting higher butter imports in the respective time periods. U.S. residents
have been consuming greater quantities of butter as perceptions about the health effects of milk fat have
changed. Irish butter accounted for much of the increase. It contains at least 82 percent butterfat (compared
with at least 80 percent for most U.S. butter), is sourced from cows that are mainly grass fed, and is usually
sold at a premium price at retail.

For imports subject to FTAs, imports are estimated using log-linear equations, where the main variable is the
domestic price minus the foreign export price. With this specification, imports increase at an increasing rate20
as the domestic price rises relative to the foreign export price. As with the imports subject to TRQs, these

equations include dummy variables for a better fit.

23 U.S. imports of dry whey have been negligible in most years.

24 For modeling purposes, imports under all FTAs are lumped together into one quantity per product category. However, not all
FTAs have the same terms. In some cases, imports under FTAs are subject to TRQs specific to that agreement. Adjustments would
need to be made to the model if this level of detail were needed for a particular analysis.

25 In the equations that use both domestic and international prices, domestic prices are divided by 100 because the domestic prices
are in cents per pound. However, the foreign price series used by the modeler and reported in appendix A, are in U.S. dollars per pound
(converted from the primary data, reported by USDA, Dairy Market News, which are in dollars per metric ton).

26 See appendix F for an explanation of the phrase “increase at an increasing rate.”
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Although imports through FTAs may come from several different countries, the bulk of U.S. dairy FTA
imports come from Mexico and Australia. Although Mexico was granted preferential access to the U.S. dairy
market under the former North American Free Trade Agreement (NAFTA) beginning in 1994, access was
increased gradually over the years until completely free trade was allowed. Free dairy trade with Mexico has
continued under the United States-Mexico-Canada Agreement (USMCA), which became effective July 1,
2020. The United States-Australia Free Trade Agreement became effective in 2005, and preferential access
has been gradually increased to imports from Australia since then. While no provisions for preferential dairy
trade with Canada were reached under the former NAFTA agreement, some preferential access was allowed
for dairy trade in both directions under USMCA. As a result, there were some USMCA dairy imports from
Canada in the second half of 2020.

While there were significant imports of other cheese under NAFTA in some of the earlier years of the agree-
ment, imports for most products under FTAs were negligible in the beginning years of the FTAs. While the
model equation for other cheese FTA imports starts with data for 1995, the regression starting years for butter
and American cheese are 2004 and 2005, respectively.

Imports of milk fat and skim solids in whey products other than dry whey are modeled as lags of previous year
values. Dummy variables for 2014, an outlier, are included for both equations.

For some product categories, imports are exogenous projections in the model. In these cases, imports have
been small, price data for regression analyses are not readily available, or imports were not found to be respon-
sive to available prices. Values in the projection period are based on recent year averages or trends. This is the
case for imports of NDM, dry whey, other whey products, evaporated and condensed milk, fluid milk, frozen
products, and MPC.

Imports of dairy products, other than those listed above, are modeled as composite aggregates of milk fat and
skim solids. The U.S. domestic price for butter and the Oceania export price for butter are used as proxies for
prices in regression equations for milk fat imported in these products. For imports of skim solids of “other
products,” the U.S. domestic NDM price and the Oceania export price of SMP are used. Each equation is in
the log-linear form. With this specification, imports increase at an increasing rate as domestic prices rise rela-
tive to foreign export prices. Trends and dummy variables account for changes in the relationship over time.
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Table 10

Import equations (using annual data)

quota from cows))

Godfrey
test 1st
R- order
Dependent variable Period | Parameter 2345 Estimate t-Value Pr>|t| | Square | (P-value)
In (Butter imports sub- Intercept -0.376 -2.44 0.0233 | 0.9529 0.4291
jectto quota) - In (TRQ [(U.S. domestic butter price / 100 - 7.751 3.83  0.0009
for butter) 1995- | Oceania butter export price) / (CPI all
2020 | /100)]3
Dummy for 2015 to 2017 1.349 3.64 0.0014
Dummy for years after 2017 1.995 5.33 <.0001
In (Butter imports under Intercept -0.507 -2.85 0.0145 | 0.6679 | 0.9490
free trade agreements) [(U.S. domestic butter price /100 - 7.461 739 <0001
Oceania butter export price) / (CPI all
2004- / 100)] 3
A Dummy for 2004 -2.852 -4 0.0014
Dummy for 2007 1.598 297 0.0117
Dummy for years after 2016 2.007 6.46  <.0001
In (American cheese Intercept -2.315 -5.36 <.0001 | 0.7607 0.4424
imports subject to quota) [(U.S. domestic Cheddar cheese price 13163 4.08 0.0005
- In (sum of TRQ for /100- Oceania Cheddar cheese export
Cheddar and American 1995- price) / (CPI all / 100)] 3
cheese) 2020 lag (In (American cheese imports sub- 0.616 513 <.0001
ject to quota))
Dummy for 2002 0.358 121 0.2406
In (American cheese Intercept 1.642 11.38 <.0001 | 0.5134 0.0541
imports under free trade (U.S. domestic Cheddar cheese price 3178 158 01391
agreements 220002%_ /100- Oceania Cheddar cheese export
price) / (CPI all / 100)
Dummy for 2011 and 2012 -1.275 -313 0.0080
In (Imports of other Intercept -0.318 -14.58 <.0001 | 0.6253 0.0517
cheese subject to quota) [(U.S. domestic Cheddar cheese price / 3.980 4.08 0.0005
- In (sum of other cheese | 1995~ | 366 " Gceania Cheddar cheese export
TRQs) 2020 | rice) / (CPI all / 100)] ®
Dummy for 2000 to 2007 0175 488 <.0001
Imports of other cheese Intercept -6.233 -1.73 0.0984 | 0.9193 | 0.0204
under free trade agree- (U.S. domestic Cheddar cheese price 33.020 2.64  0.0151
ments 1995- | /100 - Oceania Cheddar cheese export
2020 | price) / (CPl all /100)
Dummy for years after 2004 34.297 8.74 <.0001
Dummy for years 2006 and 2007 11.816 3.61 0.0016
In (Imports of other Intercept 1.552 3.01 0.0075 | 0.6812 0.4623
cheese, non-quota from (U.S. domestic Cheddar cheese price 0.902 315 0.0055
cows) 1999- | /100 - Oceania Cheddar cheese export
2020 | price) / (CPIl all /100)
lag (In (Imports of other cheese, non- 0.594 448 0.0003
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Table 10 continued
Import equations (using annual data)

Imports of nonfat dry milk, dry whey, evaporated and condensed milk, fluid milk, frozen products, and milk protein concentrate
are exogenous, with values are based on recent year averages or trends. There are numerous "other" products that do not fit
within these categories, and these are modeled using the following regression equations:
Godfrey
test 1st
Dependent R- order
variable ! Period | Parameter 2345 Estimate t-Value Pr> |t| | Square | (P-value)
In (Imports of milk fat Intercept 0108 118  0.2548 | 0.6446 0.8162
in whey products other 2000- | lag (In (Imports of milk fat in whey 0.859 771 <.0001
than dry whey) 2020 | products other than dry whey))
Dummy for 2014 0.539 .85 0.0814
In (Imports of skim solids Intercept 0.705 1.52 01470 | 0.6822 0.956
in whey products other 2000- | lag (In (Imports of skim solids in 0.834 756  <.0001
than dry whey) 2020 | whey products other than dry whey))
Dummy for 2014 0.498 241 0.0276
In (Milk fat in dairy Intercept 4.081 44.64 <.0001 | 0.7834 0.472
imports not otherwise (U.S. domestic butter price / 100 - 0.636 210  0.0512
specified in the model) 2000- | Oceania butter export price) / (CPI
2020 | all /100)
Dummy for 2005 to 2007 0.739 434 0.0004
Dummy for years after 2015 0.397 2,73 0.0143
In (Skim solids in dairy Intercept 5.447 84.85 <.0001 | 0.9082 0.1666
imports not otherwise
specified in the model) (U.S. domestic nonfat dry milk price 0.463 1.27  0.2221
/100 - Oceania SMP export price) /
2000~ | CPlall
2020 | Dummy for years before 2009 x 0.046 3.54 0.0027
trend [year - 1999]
Dummy for years after 2008 x trend -0.011 -2.31  0.0347
[year - 1999]
Dummy for years 2011 to 2013 0.083 1.42 0.1759

TTRQ = tariff rate quota.

2Export prices are reported free on board (f.0.b.) at the foreign port. Prices used for the regressions are averages of midpoints of
ranges reported in USDA Dairy Market News.

3 CPI = Consumer Price Index.

4 Superscripted 3s in the mathematical expressions indicate cubed terms.

5SMP = skim milk powder.

Source: USDA, Economic Research Service analysis using data from USDA, Agricultural Marketing Service; USDA, Foreign Agricul-
tural Service; and U.S. Department of Commerce, Bureau of the Census.

Exports

Regression equations are used to project U.S. exports of butter, American cheese, other cheese, dry skim milk
products, and dry whey, as well as exports of fat and skim solids in whey products other than dry whey (table
11). For dry skim milk products, butter, and American cheese, commercial exports are modeled instead of to-
tal exports. Government-subsidized exports are not included in the historical data for the regression. The last

Government-subsidized exports of dairy products were in 2010, under the Dairy Export Incentive Program
(DEIP), which was repealed with the Agricultural Act of 2014.

U.S. commercial export volumes of dairy products are much higher when U.S. prices fall below the export
prices of competing countries, and the sensitivity of export quantities to small price changes becomes greater
(MacDonald et al., 2016). To reflect these relationships, a log-level specification is used for most dairy export
equations, reflecting the tendency of exports to rise exponentially when U.S. prices fall relative to the ex-
port prices of international competitors. Since price sensitivities change considerably over the range of price
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differences, single point elasticities for each equation are not reported in table 11. Oceania export prices, as
reported by USDA, Dairy Market News (DMN), are used as world benchmark prices for butter, cheese, and
SMP. For dry whey, the Western European price is used as the benchmark price since that is the only dry whey
export price reported by DMN; the European Union is the largest competitor that U.S. exporters face in the
global market for dry whey.

While dairy exports have increased substantially in recent years, trends have not followed a very steady path for
most products. Moreover, it is difficult to predict if trends of recent years will be sustainable during the projec-
tion period. Since accounting for global supply and demand situations of trading partners and competitors

is beyond the scope of the model, increasing exports of recent years are modeled through trends and dummy
variables for the most part. For other cheese exports, an endogenous lag is a good fit in the regression equation.

The data periods for the export regressions vary from one product to another. The data periods begin in 1994
for cheese, 1996 for dry whey, and 2004 for butter and dry skim milk products. Data for Oceania export
prices are readily available beginning in 1994, and data for the Western European dry whey prices are read-
ily available beginning in 1996. Prior to 2004, most U.S. dairy exports of butter and NDM were subsidized
through DEIP, with little or no commercial exports in most years.

For commercial exports of dry skim milk products, the dependent variable is not converted to log form, but an
exponential term is used for the difference between the U.S. domestic price and the Oceania export price, while
intercept and trend variables are in levels. This exponential term for the price difference reflects an increase in
exports at an increasing rate when the domestic price falls relative to the Oceania export price. The trend for
the increase in dry skim milk product exports over the historical period follows an upward linear path.

Note that the equation for exports of dry whey includes a logged trend term. This reflects exports that in-
creased over the data period, but the increase was at a decreasing rate.?” Exports of whey products other than
dry whey, modeled as composite quantities of milk fat and skim solids in these products, are projected as
functions of domestic cheese consumption and dummy variables. The increase in the supply of available whey
solids from cheese consumption accounts for some of the increase in exports of these products. Dummy vari-
ables account for the increase in exports in response to greater global demand.

Exports of evaporated and condensed milk, fluid milk, frozen product, anhydrous milkfat, and casein prod-
ucts are exogenous in the model. Other products are treated as exogenous composites of milk fat and skim
solids and are categorized as either Class II or Class IV product exports. These exogenous quantities are deter-
mined by the modeler based on data from recent years.

27 See appendix F for an explanation of the phrase “increase at a decreasing rate.”
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Table 11
Export equations (using annual data)

Godfrey
test 1st
R- order
Dependent variable Period | Parameter 23 Estimate t-Value Pr> |t| | Square | (P-value)
In (Butter commercial Intercept 4,245 28.92 <.0001 | 0.7087 0.8157
exports) 2004- (U.S. domestic butter price / 100 - -6.808 -3.94 0.0015
2020 Oceania butter export price)/ (CPI
all / 100)
Dummy for 2014 1.897 3.77 0.0021
In (American cheese Intercept 3.997 29.40 <.0001 | 0.8906 0.9116
commercial exports) (U.S. domestic Cheddar cheese price -2.542 -4.24 0.0003
1994- .
2020 /100 - Oceania Cheddar cheese
export price) / (CPI all / 100)
Dummy for years after 2010 1.063 731  <.0001
In (Other cheese exports) Intercept 0.685 416 0.0004 | 0.994 0.0103
(U.S. domestic butter price / 100 - -0.632 -3.35 0.0029
1994- | Oceania butter export price) / (CPI
2020 | all /100)
lag (In (Other cheese exports)) 0.895 29.94 <.0001
Dummy for years 2011 to 2014 0.119 199 0.0587
Dry skim milk product Intercept 219.082 3.59 0.0030 | 0.9456 0.1151
commercial exports exp [(U.S. domestic nonfat dry milk -37.289 -7.34 <.0001
2004- h .
2020 | Price /100 - Oceania SMP export
price) / (CPI all / 100)]
Trend [year - 2003] 85.316 15.51 <.00
In (Dry whey exports) Intercept 5192 53.67 <.0001 | 0.7214 01013
(U.S. domestic dry whey price / 100 -3.614 -2.27 0.0342
1996- | - Western Europe dry whey export
2020 | price) / (CPl all /100)
In (Trend) [year - 1995] 0.317 8.82 <.0001
Dummy for 2019 -0.428 -2.91 0.0085
Exports of milk fat in Intercept -18.616 -8.28 <.0001 | 0.9615 0.0529
whey products other 1990- 1" h ) 1 estic cheese consumption 0.003 9.81 <.0001
than dry whey 2020
Dummy for years after 2008 6.505 599 <.0001
Exports of skim solids Intercept -1,045.280 -9.70  <.0001 | 0.9820 0.0225
in whey products other 1990- | Domestic cheese consumption 0169 1275 <.0001
than dry whey 2020 | Dummy for years after 2008 295.839 545 <0001
Dummy for years after 2011 174.375 3.23 0.0032

Exports of evaporated and condensed milk, fluid milk, frozen products, anhydrous milkfat, casein products are exogenous in the
model. Other products are modeled as exogenous composites of milk fat and skim solids and categorized as either Class Il or Class
IV products.

"Export prices are reported free on board (f.0.b.) at the foreign port. Prices used for the regressions are averages of midpoints of
ranges reported in USDA Dairy Market News.

2 CPI = Consumer Price Index

3 SMP = skim milk powder.

Source: USDA, Economic Research Service analysis using data from USDA, Agricultural Marketing Service; USDA, Foreign Agricul-
tural Service; and U.S. Department of Commerce, Bureau of the Census.

Product Balance Equations

Product balance equations are used to balance supply and demand elements for major products, including
total cheese, American cheese, other cheese, butter, dry skim milk products, dry whey, and canned milk. The
product balance equations, in combination with the equations for their associated elements, solve for market-
clearing dairy product prices in most cases.?® The basic form of the product balance equations is as follows:

28 The model does not include a canned milk price. The balance equation for canned milk solves for domestic commercial disap-
pearance of the product.
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[Beginning commercial stocks + production + imports] = [Domestic commercial
disappearance + commercial exports + shipments to U.S. territories
+ (net Government removals, barters, and donations) + ending commercial stocks]

Some of the product balance equations have more detail. For the commercial disappearance of dry skim milk
products, a term is included in the balance equation to separate use for cheese from other uses. For dry skim

milk products and dry whey, exogenous animal use projections (based on data of recent years) are netted out
to project human commercial use of these products.

Classified Milk Prices and the All-Milk Price

FMMO class price projections are computed from dairy product prices based on FMMO formulas (see ap-
pendix C). Since actual FMMO class prices are calculated from monthly and weekly dairy product pricing
factors, but model class price projections are calculated from annual dairy product pricing factor projections,
some simplification is necessary for modeling purposes. For model projections, the Class I differential is the
weighted average of the Class I differentials for all FMMOs combined for the most recent data year.

Based on the projected production of dairy products and conversion factors in table 1, milk fat and skim
solids from U.S. milk marketings (milk production minus farm use) are divided in the model among the four
FMMO milk classes. An all-milk price at 3.5 percent milk fat is estimated as a function of the U.S. “blend”
price, calculated using FMMO class prices and U.S. quantities of milk fat and skim milk used to produce
products in each of the four milk classes. Since the majority of U.S. milk is subject to FMMO pricing, prices
for milk outside of FMMO regulation are assumed to be similar due to competitive factors (table 12). The all-
milk price at 3.5 percent is then adjusted to project an all-milk price at test.

Table 12
Weighted average (wtd. avg.) U.S. class prices and all-milk price derived from Federal order
minimum prices (FO min. prices)

w
Z[ (Milk fat per U.S.class use)j X (Federal order class milk fat price)j ]

Wid. avg. U.S. milk fat Y=
price using FO min. prices w

Z(Milk fat per U.S.class use)j
j=I

v

Z[ (Skim milk per U.S.class use)j x (Federal order class skim milk price)j ]
Wid. avg. U.S. skim price j=

using FO min. prices w

Z(Skim milk per U.S.class use)j
j=1

Wid. avg. U.S. "blend"
price at 3.5 percent milk
fat using FO min. prices

(0.965 x wtd. Avg. U.S. skim price per hundredweight using FO min. prices)
+ 3.5 X wtd. avg. U.S. fat price using FO min. prices

continued on next page »
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Table 12 continued
Weighted average (wtd. avg.) U.S. class prices and all-milk price derived from Federal order
minimum prices (FO min. prices)

Econometric estimation for all-milk price at 3.5 percent milk fat

Godfrey test
1st order
Dependent variable Parameter Estimate t-Value Pr>|t| | R-Square (P-value)
Intercept 0.193 3.60 0.0012 0.9895 0.4737

In (All milk price at 3.5 -
percent milk fat) In (Wtd. avg. U.S. "blend" price at 3.5

percent milk fat using FO min. prices) 0.935 4riz <0001

All milk price at 3.5 percent milk fat + (U.S. fat test - 3.5) x wtd. avg, U.S. milk fat price using FO min.

All-milk price at test .
prices

FO min. prices = Federal Milk Marketing Order minimum prices.

Source: USDA, Economic Research Service analysis using data from USDA, National Agricultural Statistics Service; and USDA,
Agricultural Marketing Service.

Calculation of Milk-Equivalent Values

Dairy supply and use projections are presented in USDA Agricultural Projections on both the milk-fat and
skim-solids milk-equivalent bases. Milk-equivalent values are computed by dividing a milk fat or skim solids
value by the associated test of producer milk. For example, 100 pounds of milk fat with a producer milk-

fat test of 3.8 percent convert to 2,632 pounds of milk (100 pounds/0.038). For imports and commercial
exports, the aggregate total milk fat and skim solids associated with the dairy products are calculated by the
model, and conversion factors and exogenous milk fat and skim solids year-end tests are used to convert these
totals to milk-equivalent values. However, for commercial stocks, the model projections do not include every
product used for the historical milk-equivalent calculations. Statistical relationships are used to estimate total
stocks based on the aggregate stock levels of products explicitly estimated in the model.

Calibration of Model Based on Committee Judgment

The model results are calibrated for each projection year by adjusting intercept terms in the projection equa-
tions based on the judgment of the Dairy ICEC. To illustrate how the model is calibrated, we use the milk per
cow equation below as an example, where ypc = yield per cow and mf_ratio = milk feed ratio. The parameters
a0, al, and a2 are constants that have been calculated through regression analysis.

ypc = a0 + al x lag(mf_ratio) + a2 x trend — a3 x (dummy for years after 2014 x trend)

Suppose that Dairy ICEC agrees, after deliberation, that the 2022 milk per cow projection should be 24,305
pounds per head. To allow milk per cow to be calibrated to the consensus projection, an intercept adjuster
(ypc_adj) is included in the model. For 2022, ypc_adj would be calculated as follows:

If year = 2022, then

ypc_adj = 24,305 — [a0 + al x lag(mf_ratio) + a2 x trend — a3 x (dummy for years after
2014 x trend)]

25
Documentation for the USDA, Economic Research Service Annual U.S. Dairy Sector Econometric Model, TB-1961
USDA, Economic Research Service



The intercept adjuster is then incorporated into the model as follows. This results in a projection of 24,305
pounds of milk per cow in 2022.

ypc = (a0 + ypc_adj) + al x lag(mf_ratio) + a2 x trend
— a3 x (dummy for years after 2014 x trend)

Note that this adjustment applies only to 2022. Similarly, adjustments could be made for other years. Notice
that only the intercept (a0) has been adjusted—not the gradient estimates (al, a2, or a3). This allows scenario
analyses to reflect statistical relationships among variables as determined by the regression analyses.

It is important to note that such adjustments result in changes to the values of other endogenous values in the
model in a manner consistent with the economic relationships reflected by the model equations. For example,
if the intercept adjuster from the above equation were to result in milk per cow being lower in 2022 than what
the model would otherwise generate, the tighter projected milk supply would result in less milk solids avail-
able for the production of dairy products. Tighter supplies of dairy products result in higher dairy product
prices, and higher dairy product prices result in higher farm-level milk prices. Since the model parameters
include lags, projections of endogenous values for subsequent years would also be affected. For example, with
the higher all-milk price in 2022, milk per cow in 2023 would be higher than it would have been without the
adjustment since milk per cow depends upon the lag of the milk-feed ratio in the model equation.

A very practical reason for using intercept adjusters is the calibration of the model to short-term projections.
The baseline projections are typically determined each October. Projections for the current year and the
following year are based on short-term projections published in the USDA, World Agricultural Supply and
Demand Estimates (WASDE) report. In 2021, the model documented in this report was calibrated to Octo-
ber WASDE projections for 2021 and 2022. Intercept adjustments were made for years after 2022 based on
further deliberations of the Dairy ICEC.

Note that intercept adjusters are normally used for setting the baseline numbers. For scenario analyses, base-
line intercept adjusters are not usually changed. They would only be changed for a scenario analysis in a case
where the impacts of an explicit shift in one of the endogenous variables are being studied.

Scenario Analysis Example

To provide an understanding of how the model can be used, a scenario analysis example is provided, examin-
ing how a 1-year shock to feed prices would change the outlook for the dairy industry over the projection
period.?” In the example, the feed value in 2022 has been increased by 10 percent ($1.05 per hundredweight
(cwt) of feed), and the results are compared against the baseline (table 13). The milk-feed ratio for 2022 in
this scenario is 1.67, compared to 1.84 for the baseline. Although many results are available (up to 179 en-
dogenous variables in the model), the impacts for a few important selected variables are provided in table 13.
After a 1-year shock, the supply and use variables adjust over time, and the impacts tend to attenuate toward
baseline levels over the projection period.

29 Time has passed since the USDA baseline used for this example was formulated. The actual values for 2021 and 2022 differ from
the baseline projections, and the newer USDA Long Term Projections to 2032 have been published. However, in analyzing the effects of
an input change, the impacts are of greater interest (scenario minus baseline) than the baseline and scenario levels. Model impacts are
usually very similar regardless of the baseline values used.
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Table 13
Scenario analysis, 10 percent higher feed prices in 2022 compared to baseline

| units | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031

Feed value proxy

Baseline Dollars 10.51 10.47 9.74 9.45 9.23 9.04 8.85 8.81 8.80 8.79 8.80
Scenario per cwt of 10.51 11.52 9.74 9.45 9.23 9.04 8.85 8.81 8.80 8.79 8.80
Impact feed 0.00 1.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Milk-feed ratio

Baseline All-milk 15 1.84 1.97 2.03 210 215 2.21 2.21 2.28 2.33 2.37
Scenario price / 175 1.67 2.03 2.05 21 215 2.21 2.22 2.28 2.33 2.37
Impact feed value 0.00 -017 0.06 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00

Milk production
Number of milk cows

Baseline Thousand 9474 | 9,449 9,434 9,433 9,438 9,452 9,471 9,496 9,519 9,549 9,584
Scenario head 9,474 9,449 9,415 9,421 9,429 9444 | 9464 | 9489 9,513 | 9,544 9,579
Impact 0 0 -19 -12 -9 -8 -7 -6 -6 -6 =
Milk per cow

Baseline 23,959 | 24,305 | 24,532 | 24,835 | 24,992 | 25,218 | 25,441 | 25,737 | 25,884 | 26,110 | 26,333
Scenario Pounds 23,959 | 24,305 | 24,510 | 24,842 | 24,995 | 25,219 | 25,442 | 25,738 | 25,885 26,111 | 26,333
Impact 0 0 -22 7 3 1 1 1 0 0 0
Milk production

Baseline Billion 2270 229.7 231.4 234.3 235.9 238.4 240.9 244.4 246.4 249.3 252.4
Scenario pounds 2270 229.7 230.8 234.0 235.7 238.2 240.8 244.2 246.3 249.2 252.2
Impact 0.0 0.0 -0.7 -0.2 -0.2 -0.2 -0.2 -0.2 -0.1 -0.1 -01

Milk-fat milk-equivalent basis
Domestic use

Baseline Bilion 2209 | 2244 2268] 229.4| 2307 2327 2349 | 2077] 2397] 2421] 2448
Scenario . | 2209 2244 2265 2202 2305| 232.5| 2347 2376 2396 | 2420 2447
Impact poun 0.0 00| -03| -02| -02| -01| -0a| -o1| -01| -o1| -o1
Exports

Baseline Billion n8| mo| 102 102] 105] 108 m| ns5] ne| 19| 123
Scenario . n8| mo| 100| 11| 15| 107| 10| M4| N5, 19| 122
Impact poun 0.0 00| -02| -o1 0.0 0.0 00| 01| -01] -oi 0.0

Skim-solids milk-equivalent basis
Domestic use

Baseline Billion 1800 | 1823 | 183.3| 1849 1854 1865 1878 1896 1906 1920 1936
Scenario . | 1800 | 1823 1830 1846| 1852 186.4| 1877 | 189.5 1905 | 1919 | 1935
Impact poun 0.0 00| -04| -02| -02| -01 -01 -01 -01 -01 -01
Exports

Baseline Billion 514| 51.8| 525| 536| 546| 558 571| 585| 597 611 624
Scenario pounds 514| 51.8| 523| 535| 546| 558 571| 585| 597| 610| 624
Impact 0.0 00| -01| -01| -01| -oa 0.0 0.0 0.0 0.0 0.0

Domestic wholesale prices
Cheddar cheese

Baseline Conts oor 1681|1720 1764 | 1770 | 1774 | 1782 1794] 179.2] 1818 1849 | 188.2
Scenario poun% 1681 1720 | 180.2| 1791| 1785 | 1789 | 1799 | 1796 | 1821| 1852 | 188.4
Impact 0.0 0.0 37 21 1 07 05 0.4 03 03 03
Butter

Baseline 1681 1760 | 1748 | 1826 1883 | 1901| 191.8| 1921| 2002 | 203.2| 2081
Scenario Cents %e' 1681 | 1760 | 1769 | 182.2| 1877 | 189.7| 1915| 1919 | 2000 | 203.2| 2081
Impact poun 0.0 0.0 20| -04| -06| -04| -03| -02 -01 -01 0.0
Nonfat dry milk

Baseline Conts per 1251 1384 1317] 1240 1237] 1219 1230] 1213] 1304[ 1343 [ 1386
Scenario ¢ 1251 | 1384 1410| 1265 | 1248 | 1225| 1233 1215| 1303 | 1344 1387
Impact poun 0.0 0.0 9.3 25 10 06 03 0.2 0.2 01 01
Dry whey

Baseline Cents por | 560 | 510 479[ 465] 469] 467[ 468[ 463 465| 469[ 464
Scenario ) 560 | 510 | 48.2 | 467 | 470 | 467 | 469 | 464 | 466 | 470 | 464
Impact poun 0.0 0.0 0.3 01 01 01 01 01 01 01 01
All-milk price

Baseline Dollars 1843 1922 [ 1919 | 1917 19.34| 1939 | 19.55| 1948 2006 2044[ 2083
Scenario 1843 | 19.22| 1972| 1936 | 19.42 | 19.44 | 1958 | 1951| 2009 | 2046 | 20.85
Impact per cwt 000 000 054 019| 008 005 004 003 002 002 002

cwt = hundredweight.

Source: USDA, Economic Research Service analysis using data from USDA, National Agricultural Statistics Service; USDA, Agri-
cultural Marketing Service; USDA, Foreign Agricultural Service; USDA, Farm Service Agency; U.S. Department of Labor, Bureau of
Labor Statistics; U.S. Department of Commerce, Bureau of the Census; and American Dairy Products Institute.
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There are no changes to milk production in 2022 because milk production responds to the milk-feed ratio
with a 1-year lag in the model.3% Due to the lower milk-feed ratio in 2022, the number of milk cows for

the scenario in 2023 is 19,000 head lower than the baseline, and milk per cow is 22 pounds below baseline.
Since milk cow numbers in the scenario analysis depend on milk cow numbers from the previous year, the
impact to milk cow numbers remains negative in 2024 even though the milk-feed ratio in 2023 is higher
than the baseline. Milk cow numbers remain below the baseline for the projection period but attenuate to-
ward the baseline over time. Milk per cow responds positively after 2023 and attenuates toward the baseline,
as milk-feed ratios are higher due to higher all-milk prices. The impact to milk production in 2023 is —0.7
billion pounds but thereafter attenuates toward baseline levels, falling to —0.1 billion pounds for the last 3
years of the projection period.

With lower milk production, most dairy product prices are higher. As a result, domestic use under the sce-
nario falls below the baseline on both a milk-fat milk-equivalent basis and a skim-solids milk-equivalent basis.
Again, impacts attenuate toward baseline numbers over time.

Impacts to exports on a milk-fat basis follow a pattern not typical of other variables—with negative impacts in
2023 and 2024 (0.2 billion pounds and —0.1 billion pounds, respectively), impacts that round to 0 in 2025
through 2027, negative impacts in 2028 through 2030 (-0.1 billion pounds in both years), and an impact
that rounds to 0 in 2031. This pattern is due to the offsetting effects of higher cheese prices (lowering exports
of cheese) and lower butter prices (raising exports of butter) during part of the projection period. On a skim-
solids basis, scenario exports fall below baseline levels by 0.1 billion pounds in 2023 through 2026 but attenu-
ate to 0 (rounded) by 2027.

With lower milk production, most scenario wholesale dairy product prices are higher than baseline prices
during most of the projection period. The impact to the Cheddar cheese price is +3.7 cents in 2023, attenu-
ating to +0.3 cent for the last 3 years of the projection period. The NDM price has the largest impact of the
wholesale dairy product prices in 2023 (+9.3 cents), with the impacts falling to +0.1 cent for 2030 and 2031.
The impact to the dry whey price is +0.3 cent in 2023 and +0.1 cent in the following years. The impacts to
the butter price follow a different type of pattern, with an impact of +2.0 cents in 2023, —0.4 cent in 2024,
—0.6 cent in 2025, and then attenuating to 0 in 2031. With the relatively high impact to the NDM price
compared with the other wholesale prices, some milk allocation shifts from the production of cheese to the
production of dry skim milk products, leaving more milk fat available for butter production. With higher
butter production in 2024 through 2030, the scenario butter price is lower than the baseline price.

With higher wholesale dairy product prices across the board in 2023, the impact to the all-milk price is
+$0.54 per cwt that year. Higher prices for cheese, NDM, and dry whey offset lower prices for butter in the
remaining years, resulting in an impact to the all-milk price $0.19 per cwt in 2024, attenuating to +$0.02 per
cwt for the last 3 years of the projection period.

Concluding Remarks

The Annual U.S. Dairy Sector Model used by USDA, Economic Research Service (ERS) serves two major

purposes:

(1) to aid in the development of dairy projections, as published in USDA Agricultural Projections each
year, and

30 There could be some within-year responses that the model is not able to capture.
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(2) as a tool for analyzing scenarios involving changing market conditions and various Federal
Government policies. These uses include supporting Dairy ICEC projections for the monthly World
Agricultural Supply and Demand Estimates report and internal staff analyses requested by USDA of-
fices or agencies.

In addition, USDA, Farm Production and Conservation Business Center uses model results to help budget for
various dairy-related farm programs. Also, USDA, Agricultural Marketing Service uses the basic structure of
the model in an expanded regional model to analyze changes and proposed changes to Federal Milk Market-
ing Orders (U.S. Department of Agriculture, 2018).

This Technical Bulletin is intended to provide transparency concerning how the model is used (along with
judgment of the Dairy ICEC) to produce USDA Agricultural Projections for the dairy sector and how the
model is used for analyzing changing market conditions and various Federal Government policies. Other
dairy analysts may find the report useful in developing their own dairy sector models. Over time, changes will
be made to the model to improve its structure, adapt to Federal Government policy changes, and account for
changing market conditions.
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Appendix A: Descriptive Statistics

Table A-1

Exogenous variables, descriptive statistics (not including dummy variables or intercept adjusters)

Description

Animal use of dry skim milk products
Animal use of dry whey

Class | differential
CPI for all products

Cull cow price
Dairy ingredient fat proportion in fluid use

Dairy ingredient fat proportion in frozen
products

Dairy ingredient SNF proportion in frozen
products

Dairy ingredient SNF proportion in fluid use

Dry skim milk products used in cultured
products

Dry skim milk products used in other dairy
products

Export price for Oceania butter

Export price for Oceania cheese

Export price for Oceania skim milk powder
Export price for Western Europe dry whey
Exports of dry whole milk under DEIP

Exports of evap. & cond. milk
Exports of frozen products

Farm use of milk

Fat differential

Fat in exports of AMF and butteroil

Data source

ADPI
ADPI
AMS

BLS

AMS
ERS, ADPI

ERS, ADPI

ERS, ADPI
ERS, ADPI

ERS, ADPI

ERS, ADPI

AMS
AMS

AMS
AMS
FAS

Census
Census
NASS

AMS

Census, ERS

Units

Mil. Ibs.
Mil. Ibs.
$/cwt

Index, 1982-
84=100

$/cwt

Proportion

Proportion

Proportion
Proportion

Mil. Ibs.

Mil. Ibs.

$/1b.
$/lb.

$/lb.
$/lb.
Mil. Ibs.

Mil. Ibs.
Mil. lbs.
Mil. Ibs.

$/cwt

Mil. Ibs.

Data
period used

1990-2020
1990-2020
1990-2020

1990-2020

1990-2020
1990-2020

1990-2020

1990-2020
1990-2020

1996-2020

1996-2020

1995-2020
1994-2020

2004-20
1996-2020
1990-2001

1990-2020
1990-2020
1990-2020

1990-99

1990-2020

Reason for period other than
1990-2020

Data readily available since 1996.

Data readily available since 1996.

WTO began in 1995.
Data readily available since 1994.

Regression for dry skim milk
products starts with 2004 data.

Data readily available since 1996.

DEIP exports of dry whole milk
ended in 2001.

Used for proxy for Class | and Il
prices at test prior to 2000.

31
31
31

31

31
31

31

31

31

25

25

26
27

10

31

Mean

14.99
54,77
2.72

195.66

54.33
0.00

0.03

0.25
0.01

55.32

151.48

1.27
1.38

1.28
0.38
28.56

40.55
89.29
1,242.74

0.10

9.83

Std Dev

815
47.88
0.12

39.51

1719
0.00

0.05

016

0.00

2795

52.99

0.59
0.45

0.37

014

19.94

23.94
3518
319.46

0.04

9.99

Min
3.40

5.50
2.56

130.70

30.33
0.00

0.00

0.09

0.00

21.40

79.30

0.47
0.77

0.91

0.20

0