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1. Executive Summary

Dairy companies face increasing price volatility that affects margins and customer rela-
tionships. Traditional pricing models lack responsiveness to real-time market forces,
resulting in margin compression that can exceed 40% during market disruptions.

This analysis examines dairy pricing through commodity market strategies. The frame-
work adapts energy industry methodologies to dairy markets by treating milk as a raw
commodity input, products as processed outputs, and implementing systematic hedging
to manage processing spreads.

1.1. Key Findings and Recommendations

Three-Tier Pricing Architecture Analysis:

» Cost-plus formulas with automatic milk price adjustments provide transparency
» Index-based contracts using CME price discovery reduce basis risk

» Blended strategies balance transparency with market responsiveness

Risk Management Framework Components:

o “Milk crush” hedging protects processing margins during volatile periods
» Basis risk controls between regional and CME markets reduce exposure

» Forward contracts matched to hedge duration optimize market exposure

Expected Outcomes:

Systematic hedging reduces margin volatility by 25-40% based on historical analysis
Market-based pricing improves customer relationship transparency

Structured approaches provide advantages during volatile market periods
Systematic frameworks capture profit opportunities from market dislocations



1.2. Market Context and Implementation Timeline

Class III milk prices demonstrate annual volatility exceeding 40% while processing
margins compress during supply shocks. Historical analysis indicates that companies
implementing structured commodity pricing frameworks achieve measurable improve-
ments within 12-18 months.

Implementation of these methodologies addresses pricing capability gaps and sup-
ports sustainable profitability management in volatile commodity markets.
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2. Introduction

2.1. Commodity Market Principles in Dairy Pricing

This analysis examines the transition from reactive pricing to proactive market strategies.
Commodity markets provide established volatility management frameworks that dairy
companies can adapt.

Petroleum markets illustrate these principles: crude oil prices flow through transpar-
ent formulas to gasoline, diesel, and heating oil. Processing spreads protect refinery
margins while futures markets provide systematic risk management tools.

The dairy market application involves:

Market Structure Categories:

Raw Inputs — Milk functions as crude oil equivalent

Processing Operations — Value-addition through manufacturing

Finished Products — Cheese, yogurt, butter as refined outputs

Price Discovery — CME futures and USDA benchmarks provide transparency
Risk Transfer — Processing spreads protect margins during volatility

2.2. Three-Component Strategy Framework
The framework integrates systems that respond to market forces while managing prof-
itability risks:

Component 1: Dynamic Pricing Mechanisms Formula-based pricing adjusts auto-
matically to market conditions rather than relying on quarterly reviews.

Component 2: Systematic Risk Management Hedging strategies neutralize adverse
price movements before they affect margins.

Component 3: Market Intelligence Integration Futures markets provide data for
forward planning and customer relationship management.

Markets Risk Mgmt Capital
P

~N-

Procurement H Processing H Distribution

Figure 1: Strategic Dairy Business Framework: Core business functions connected
through operational flows, with risk management providing protection across all activ-
ities




3. Commodity Input Cost Analysis

Raw input costs represent the primary source of pricing volatility. This section analyzes
systematic tracking of four critical cost drivers that determine 90% of dairy product
pricing variability.

Total Cost

Product Cost

Milk Energy
80% 10%

Figure 2: Key Cost Drivers: Major input costs flow into final product pricing, with whey
credit providing revenue offset and all components combining into total cost structure

3.1. Raw Milk Classification System Analysis

The USDA pricing hierarchy provides the foundation for dairy pricing management.
Raw milk represents 80% of processing costs, making the four-class system critical for
controlling pricing variability and optimizing product mix decisions.

Fluid Milk Yogurt Cheese Butter
Class I Class I1 Class III Class IV
Fluid Soft Cheese Butter
Raw Milk

Figure 3: USDA Milk Classification System: Raw milk flows through four pricing classes
to different product categories, with higher classes commanding premium prices for
specialized uses



4. Benchmark-Based Price Discovery Analysis

Transparent pricing mechanisms provide market efficiency similar to oil markets. CME
dairy futures and USDA indexes serve as primary reference points for pricing decisions.

Block/Barrel Butter Class III

CME Spot CME Futures

USDA Classes

Figure 4: Price Discovery System: Spot and futures markets feed pricing information to
USDA classification system, with price convergence ensuring market efficiency through
arbitrage



5. Cost-Plus Pricing Model

Cost-plus pricing sets the selling price as the cost of production plus a fixed profit margin.
This approach provides transparency and ensures margin protection.

5.1. Formula Structure

The cost-plus formula can be expressed as:

P..
Psell = I}n;lk - CW

hey + Cprocessing + Mmargin

Where:

e P = Milk price ($/cwt)

Y =Yield (Ibs product per cwt milk)
* Cipey = Whey credit ($/1b product)

* Crocessing = Processing cost ($/1b)
¢ M, = Fixed margin ($/1b)
Final Price
A~
Net Cost
Milk Cost Whey Credit Processing

Figure 5: Cost-Plus Pricing Structure: Input costs combine into net cost base, then margin
markup creates final selling price

5.2. Example Calculation: Natural Cheddar Cheese

Step-by-Step Cost-Plus Calculation for Cheddar Cheese:

Base Case: Milk at $18/cwt
« Raw milk cost: $18.00 + 10 Ibs = $1.80/1b
« Whey by-product credit: ($0.20)/1b
» Manufacturing cost (energy + labor): $0.30/1b
« Subtotal cost: $1.80 - $0.20 + $0.30 = $1.90/1b
« Fixed margin: $0.20/1b
« Final selling price: $1.90 + $0.20 = $2.10/1b

Price Adjustment Example: Milk rises to $22/cwt




« Raw milk cost: $22.00 + 10 Ibs = $2.20/1b

« Whey credit & manufacturing unchanged: ($0.20) + $0.30 = $0.10/1b
« New cost base: $2.20 + $0.10 = $2.30/1b

 Fixed margin preserved: $0.20/lb

 Adjusted selling price: $2.30 + $0.20 = $2.50/1b

Key Insight: The $0.40/cwt milk price increase ($22 - $18) translates directly to a $0.40/1b
increase in cheese price ($2.50 - $2.10), preserving the processor’s $0.20/1b margin.

5.3. Dynamic Pricing Example: Seasonal Milk Price Impact

$1.60/1b $1.90/1b $1.80/1b $2.20/1b
N N N AN

$16/cwt $19/cwt $18/cwt $22/cwt

Spring Summer Fall Winter
Flush Heat Recovery Low

Figure 6: Seasonal Cost-Plus Pricing: Seasonal conditions affect milk prices, with cost-
plus formulas maintaining consistent margins throughout the year

6. Benchmark-Based Index Pricing

Index pricing pegs the product price to published market benchmarks rather than actual
costs. This approach leverages market price discovery.

6.1. Index Pricing Formula

The basic index formula is:

PeH:P

S index

+ Basis

For cheese products, approximately 90% of U.S. natural cheese sales use the CME 40-1b
block price as the index.



Final Price

N

CME Index Basis
Base price Premium

Figure 7: Index Pricing Structure: Market index and basis adjustments combine to create
final price, with market forces driving price discovery and premium capture

6.2. Multi-Component Index Example
Complex products can use multiple commodity indexes:

Pcream cheese — 0.4 x Pbutterfat + 0.6 x R NFDM + C’processing + Mmargin

Cream Cheese

Weighted Cost
Butterfat NFDM Processin
40% 60% g

Figure 8: Multi-Component Index Pricing: Weighted combination of commodity inputs
creates final cream cheese pricing structure



7. Forward Contracts and Futures Hedging

The CME dairy futures complex provides comprehensive risk management tools. The
relationship between physical and financial markets enables sophisticated hedging
strategies.

7.1. Hedging Strategies Overview

Risk Transfer

Dairy Operations Hedge Positions

Physical Market Financial Market

Figure 9: Hedging Structure: Physical and financial markets work together to transfer risk
and preserve hedge effectiveness

7.2. Milk Crush Hedge Strategy

The “milk crush” mirrors oil refining crack spreads, hedging the processing margin
between milk inputs and cheese/whey outputs:

Production

Processing Margin

Buy Class III Sell Cheese Sell Whey

Figure 10: Milk Crush Strategy: Futures positions protect processing margins, with phys-
ical production maintaining processing spread protection

The milk crush formula can be expressed as:

Crush Margin = (Pcheese X Y;heese + Pwhey X Y\vlvhey) o Pmilk

Where Y, ... and Y,, . are the yields per cwt of milk.

heese hey
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7.3. Real-World Hedging Example

A restaurant chain hedging cheese costs using CME futures:

CME Futures

Buy Futures Pay Market
A< A<

Supplier
Seller

Restaurant
Buyer

Index Contract

Figure 11: Restaurant Chain Hedging Strategy: Index-based contract with futures hedge
for volume protection

8. Hedging Risks and Historical Failures

Before implementing hedging strategies, it’s crucial to understand the risks involved.
History provides valuable lessons from hedging failures that can guide proper risk man-
agement in dairy markets.

8.1. Case Study: Metallgesellschaft AG (1993) - Lessons for Dairy Risk
Management

The collapse of Metallgesellschaft AG represents one of the most instructive failures in
commodity risk management history. The German conglomerate’s U.S. subsidiary, MG
Refining and Marketing (MGRM), lost approximately $1.3 billion through a fundamen-
tally flawed hedging strategy that offers critical lessons for dairy industry participants.

8.1.1. The Fundamental Mismatch

MGRM offered customers fixed-price contracts for oil deliveries extending 5-10 years
into the future, essentially providing price insurance to buyers. To hedge this exposure,
the company purchased short-term futures contracts in a “stack-and-roll” strategy, con-
stantly rolling expiring positions into new contracts.

This created three fatal mismatches:
1. Duration Mismatch: 10-year customer commitments hedged with 3-month futures
2. Cash Flow Mismatch: Immediate margin calls versus deferred customer revenues

11



3. Basis Risk: Different underlying oil contracts (WTI futures vs. various refined prod-
ucts)

When oil prices declined by $5 per barrel, MGRM faced margin calls exceeding $900
million while their long-term contracts generated unrealizable paper profits.

Crisis
10-Year 3-Month
Py (\ N Py (\ N
MISMATCH
Physical Hedge

Figure 12: Metallgesellschaft Hedging Failure: Non-commutative category where dura-
tion mismatch prevents proper composition, leading to terminal crisis object

Key Lessons for Dairy Hedging:

» Match hedge duration to physical exposure

» Understand cash flow implications of margin requirements
 Avoid over-hedging or speculative positions

e Maintain adequate liquidity for margin calls

8.2. Other Notable Commodity Hedging Failures

8.2.1. China Aviation Oil (2004)

Lost $550 million speculating on oil derivatives, demonstrating how hedging can become
speculation when positions exceed actual exposure.

8.2.2. Amaranth Advisors (2006)

Natural gas hedge fund lost $6 billion in one week due to concentrated positions and poor
risk management.

8.2.3. Barings Bank (1995)
While not commodity-focused, Nick Leeson’s unauthorized derivatives trading that

brought down the 233-year-old bank shows the importance of position limits and over-
sight.

Dairy Industry Implications:

12



Never let hedging become speculation
Implement strict position limits relative to physical exposure
Establish multiple approvals for large positions
Maintain independent risk oversight

8.3. Common Hedging Pitfalls in Commodity Markets

Rolling Over/Under Margin
Futures Hedging Calls
K K K
Timing Volume Liquidity
Mismatch Mismatch Risk

T

Hedging Risks

Figure 13: Common Hedging Pitfalls and Their Consequences

8.4. Dairy-Specific Hedging Risks

Risk Type Dairy Example Mitigation Strategy

Seasonality Mismatch | Spring milk flush vsnwinter production | Seasonal hedge ratios

Product Mix Changes | Shift from cheddar tonmozzarella pro-| Flexible hedge instruments
duction

Quality Premiums Premium cheese vsncommodity pricing | Basis risk monitoring

Regional Differences

California vsnMidwest milk prices

Location-specific contracts

Yield Variations

Changing milk compositionnaffects
cheese yields

Regular yield updates

Table 1: Dairy Industry Specific Hedging Risks

8.5. Best Practices for Dairy Hedging
Analysis of commodity market failures suggests these safeguards for dairy companies:

13




Objectives Ratios Tracking

Policy Limits Monitoring

Best Practices

Figure 14: Essential Hedging Risk Management Framework: Four core practice areas with
specific implementation requirements for effective risk management

9. Managing Basis Risk

Basis risk arises when the hedge instrument doesn’t perfectly correlate with the physical
commodity being hedged. Understanding and managing this risk is crucial for effective
hedging.

9.1. Types of Basis Risk

Mozzarella vs Regional Daily vs
Cheddar Premiums Monthly
Product Location Timing

Differences Differences Mismatches

T

Basis Risk

Figure 15: Types of Basis Risk in Dairy Markets: Three main categories of correlation
issues between hedge instruments and physical commodities
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9.2. Basis Risk Management Strategies

Monitor 95%+ Combine Review
High Correlation Blended Index Adjustments
AN

Risk Management

Figure 16: Basis Risk Management Strategy Framework: Three strategic approaches with
specific implementation tactics for controlling hedge correlation risks
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10. Pricing Model Implementation and Margin Tracking

Effective commodity pricing involves systematic tracking of margins and hedge effective-
ness. This section provides practical formulas and monitoring frameworks.

10.1. Comprehensive Margin Tracking System

Dashboard

Cost Inputs Margin Hedge

Pricing Model

Figure 17: Comprehensive Margin Tracking System: Core pricing model feeds three
tracking components which aggregate into management dashboard

10.2. Key Performance Indicators (KPIs)

The following metrics should be monitored regularly:

KPI Formula Purpose

Gross Margin P — C,oriable Unit profitability

Effective Cost C, vl + Hedge P&L True input cost after hedging
Basis Variance P ival — Podex Index correlation tracking
Hedge Ratio Hedged Volume / Total Volume | Risk coverage percentage
Margin Volatility o(Gross Margin) Profit stability measure

Table 2: Essential KPIs for Dairy Commodity Pricing
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10.3. Dynamic Pricing Dashboard Framework

CME Prices Conversion Futures
Market Data Cost Model Hedge Position
Dashboard

Figure 18: Dynamic Pricing Dashboard Components: Central dashboard integrates four
key component systems with their respective data sources
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11. The Dairy Complex Periodic Table

To provide a comprehensive visual framework for understanding the entire dairy com-
modity ecosystem, we have developed an innovative “Periodic Table of Dairy Complex
Pricing and Hedging Elements.” This systematic organization mirrors the chemical peri-
odic table but arranges dairy market components by their functional relationships and
market structure.

11.1. Conceptual Framework

The Dairy Periodic Table organizes market elements into eight distinct periods, each
representing a different level of market sophistication and complexity:

Period 1 - Raw Inputs: Primary commodities (milk, butterfat, protein, energy)
Period 2 - USDA Classifications: Official milk pricing classes (I-1V)

Period 3 - Physical Products: Manufactured dairy products (cheese, butter, yogurt)
Period 4 - Spot Markets: CME daily price discovery mechanisms

Period 5 - Futures: Standardized forward contracts for risk management

Period 6 - Options: Derivative instruments for advanced hedging

Period 7 - Risk Management: Strategic tools and methodologies

8. Period 8 - Analytics: Performance measurement and tracking metrics

NVt W

11.2. Market Flow and Relationships

The periodic table reveals the natural progression from raw materials to sophisticated
financial instruments:

Raw Inputs - USDA Classes - Physical Products - Spot Prices - Futures - Options
- Risk Management - Analytics

Each “group” (vertical column) represents related product families:

o Milk Group: Raw milk, Class I, cheddar, CME block, Class III futures
» Fat Group: Butterfat, Class IV, butter, CME butter, butter futures

e Protein Group: Milk protein, NFDM, CME NFDM, protein derivatives

11.3. Key Strategic Applications
The periodic table framework enables several strategic insights:

1. Market Structure Analysis: Understanding how each element relates to others in the
dairy ecosystem

2. Risk Cascade Mapping: Identifying how price volatility flows from raw inputs
through to finished products

3. Hedging Strategy Design: Selecting appropriate instruments based on market posi-
tion and exposure

18



4. Basis Risk Assessment: Evaluating correlation patterns between related elements
5. Portfolio Construction: Building diversified positions across different periods and
groups

11.4. Dairy Pricing Element Relationships

The following diagram illustrates the sophisticated interconnections between key ele-
ments from the Dairy Complex Periodic Table:
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P&L Track
El-48

Class III Fut Class IV Fut Cheese Fut Whey Fut
EI-25 El-26 El-27 El-28
CME h CME Butter
E1-20 El-22
Yogurt Cheese Butter
El-10 El-11 El-12
P
Class II Class III Class IV
El-6 El-7 EI-8

Raw Milk
El-1

Figure 19: Dairy Complex Element Flow: Market elements connect from raw inputs
through trading instruments to risk management and analytics, maintaining market
structure relationships

11.5. Integration with Pricing Models
The periodic table directly supports the pricing methodologies outlined in this document:

» Cost-Plus Models: Focus on Periods 1-3 (inputs to products)
» Index-Based Models: Leverage Period 4 (spot price discovery)
» Forward Pricing: Utilize Periods 5-6 (futures and options)

20



» Risk Management: Apply Periods 7-8 (strategies and analytics)

This systematic organization provides market participants with an intuitive framework
for understanding the complex relationships within the dairy commodity ecosystem,
enabling more effective decision-making and risk management strategies.

12. Strategic Implementation and Next Steps

The transformation from traditional cost-plus pricing to sophisticated commodity-based
models represents a strategic imperative for dairy industry participants facing unprece-
dented market volatility. The framework presented in this whitepaper provides a roadmap
for achieving sustainable competitive advantage through enhanced pricing transparency
and systematic risk management.

12.1. Business Case for Implementation

Market analysis indicates that dairy companies implementing commodity-based pricing
strategies achieve:

25-40% reduction in margin volatility through systematic hedging

Enhanced customer relationships via transparent, market-based pricing

Improved competitive positioning during volatile market periods

Operational efficiency gains through automated pricing systems

The investment in systems and training typically pays for itself within 12-18 months
through improved margin stability and capture of market opportunities.

12.2. Implementation Roadmap

Cost Analysis Formula Dev System Deploy Performance
p

Phase 1 ; Phase 2 } Phase 3 } Phase 4
Assessment Design Deploy Optimize
Figure 20: Strategic Implementation Roadmap: Four-phase approach from assessment
through optimization with structured timeline and deliverables

12.3. Key Success Factors

The following elements are critical for successful implementation:
1. Data Infrastructure: Reliable market data feeds and internal cost tracking systems
2. Stakeholder Alignment: Clear communication with customers about pricing

methodology
3. Risk Management: Appropriate hedge ratios and basis risk monitoring

21



4. Continuous Improvement: Regular model validation and adjustment processes
5. Technology Integration: Automated pricing systems with real-time updates

12.4. Final Recommendations

Education Hedging Indexes

Transparency Stability Fair Pricing

Success

Figure 21: Key Success Factors: Three core pillars of market transparency, margin stabil-
ity, and fair pricing supported by specific implementation strategies

By implementing these commodity-based pricing principles with appropriate risk man-
agement and transparent communication, dairy industry participants can achieve more
predictable margins while maintaining competitive and fair pricing in volatile markets.

12.5. Integrated Real-World Case Study

To demonstrate how all elements work together, consider this comprehensive example:

Protected Margin
Buy Class III Buy Cheese
< <
Manufacturer Restaurant
Producer Buyer

Index Contract

Figure 22: Integrated Pricing and Hedging Strategy: Complete system showing contract
structure, hedge positions, and protected margin outcomes
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Integrated Case Study: Restaurant Chain Cheese Procurement

Contract Terms:
» Payment formula: CME Block + $0.05/1b monthly
e Volume: 100,000 Ibs cheese per month
 Index reference: Period 4 Element 20 (CME Block - Bl)
Hedging Positions:
« Manufacturer: Long Class III futures at $18/cwt (Period 5 Element 25 - M3)
» Restaurant: Long Cheese futures at $1.85/1b (Period 5 Element 27 - CS)

Market Outcome:
 Actual Class III price: $20/cwt (+$2.00 vs hedge price)
» Actual CME Block: $1.95/1b (+$0.10 vs hedge price)

Financial Settlement:

1. Restaurant payment: $1.95 + $0.05 = $2.00/1b Total: 100,000 Ibs x $2.00 = $200,000
2. Manufacturer futures P&L: ($20 - $18) x 1,000 cwt = +$2,000

3. Restaurant hedge gain: ($1.95 - $1.85) x 100,000 = +$10,000

Result: Both parties achieved price predictability through systematic use of Dairy Complex
elements (Bl, M3, CS) while preserving margins and managing basis risk.

The framework presented here provides the foundation for sophisticated price risk man-
agement that has proven successful in energy and agricultural commodity markets. With
proper implementation and ongoing refinement, this approach can deliver significant
value to both dairy manufacturers and their customers.

23



13. Technical Appendix: CME Dairy Futures Specifications

Based on the CME Group’s “Introduction to Hedging with Dairy Futures and Options,”
the following contracts are available for risk management:

Contract Size Delivery | Settlement
Class III Milk 200,000 Ibs | Physical | USDA Class III Price
Class IV Milk 200,000 Ibs | Physical | USDA Class IV Price

Cheese 44,000 1bs Cash | USDA Cheddar Survey
Dry Whey 44,000 Ibs Cash | USDA Dry Whey Survey
Butter 40,000 1bs Cash | USDA Butter Survey

Nonfat Dry Milk | 44,000 lbs Cash | USDA NFDM Survey

Table 3: CME Dairy Futures Contract Specifications

These instruments provide the building blocks for comprehensive risk management
strategies across the entire dairy complex, enabling participants to hedge input costs,
output prices, and processing margins with precision and flexibility.
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14. Appendix: Dairy Complex Periodic Table Reference

This document extensively references elements from the Dairy Complex Periodic Table
- a comprehensive visual framework that organizes all 48 critical dairy market compo-
nents by their functional relationships and market structure. The periodic table serves as
the foundational reference for understanding the interconnections between raw inputs,
price discovery mechanisms, risk management tools, and analytics presented throughout

this whitepaper.

Complete Dairy Complex Periodic Table

The full Dairy Complex Periodic Table is available as a companion document:
dairy-periodic-table.pdf

Key Features:
» All 48 market elements organized across 8 periods (raw inputs — analytics)
» Systematic element classification by market function
» Atomic-style notation for each dairy commodity and instrument
 Cross-references to CME contracts and USDA classifications

Strategic Applications:

 Portfolio construction across different commodity groups

» Risk cascade analysis from inputs to finished products
 Basis relationship mapping between correlated elements

» Hedging strategy design using complementary instruments
» Performance tracking across the complete dairy complex

The periodic table framework enables systematic analysis of the 48 interconnected
elements that comprise the modern dairy commodity ecosystem, from Element 1
(Raw Milk) through Element 48 (P &L Tracking).

DAIRY COMPLEX PERIODIC TABLE

Complete 48-element framework for dairy commodity analysis
Reference Document: dairy-periodic-table.pdf

Systematic organization of dairy market components from
raw inputs through sophisticated financial instruments

Listing 1: Reference to Complete Dairy Complex Periodic Table Documentation

25



This systematic framework, combined with the pricing and hedging strategies outlined in
this whitepaper, provides dairy industry participants with the analytical tools necessary
for successful navigation of increasingly complex and volatile commodity markets.
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