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PREFACE

The search is on for options to reduce the environmental impacts of agricultural production.  Many 
studies have raised concerns about the greenhouse gas (GHG) and nitrogen pollution associated 
with livestock operations, including dairy farms.  Retailers are looking for credible data on the most 
effi  cient and environmentally friendly way to produce milk, cheese, butter, and other dairy products.  
Policy makers and government agencies are exploring new initiatives and policies that will hopefully 
support innovation on the farm for the benefi t of the environment, the animals on dairy farms, and 
consumers.

Recent studies on the environmental impacts of dairy farming have reached confl icting and 
sometimes confusing results.  As with most studies of complex, multifaceted systems, the devil is in 
the details regarding which impacts are included in the scope of a study or model, how such impacts 
are measured, data sources, and the assumptions embedded in analytical models.  In some cases, 
analysts publishing results in scientifi c journals have been unwilling to share their models with The 
Organic Center, making it impossible to replicate or fully understand model results.  

Our initial work on modeling the environmental impacts of dairy production focused just on the 
pounds of pesticides, animal drugs, and synthetic nitrogen fertilizer not used by organic dairy farms, 
in contrast to typical conventional dairy operations.  A Critical Issue Report released in March, 
2009 presented our initial projections and was entitled Shades of Green: Quantifying the Benefi ts of 
Organic Dairy Production (access this report at  http://www.organic-center.org/science.environment.
php?action=view&report_id=139.  

The Center also off ered the Excel-based calculator to anyone requesting it via email.  Several hundred 
people from many countries requested the calculator, and many urged the Center to continue 
expanding its scope and functionality.  Our newly released Shades of Green (SOG) calculator, Version 
1.1 is the result of our eff ort to do so.

The extensive development work required to create SOG Version 1.1 was funded in large part by a 
generous grant from the Packard Foundation.  Earlier work on the original calculator was funded by 
Stonyfi eld Farm, Organic Valley/CROPP, Horizon, and Aurora Organic Dairy, among other supporters 
of The Organic Center.   

The SOG calculator is a work in progress.  Users are asked to off er suggestions for expanding 
and improving the calculator.  Future versions of the calculator, the SOG user’s manual and 
documentation, and reports based on applications of the calculator will be available via the The 
Organic Center’s website.

       Charles Benbrook 
       Chief Scientist
       The Organic Center
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I. OVERVIEW AND INTRODUCTION

The Shades of Green (SOG) calculator is designed to estimate milk and meat production, feed 
intakes, inputs required, wastes generated, environmental impacts, and the economic performance 
of alternative dairy farm management systems.  The basic unit of analysis is a single lactating cow 
and the animal population required to support a single cow in production over a year.  The supporting 
animals include dry cows, replacement heifers and heifer calves.  Results are reported over several 
time frames: an average day, over a single lactation, during a cow’s life, and in an average year of a 
cow’s life.  

Throughout this user’s manual, screen shots from the calculator will be used to help explain the 
purpose and basis for each set of input parameters and calculations.  The screen shots are truncated 
and only show the columns that appear under Scenario 1, whereas the calculator includes up to four 
scenarios in a given application.  

The SOG calculator is a work-in-progress.  Future versions will include new modules encompassing 
additional environmental impacts.  As more refi ned models and equations become available to estimate a 
given parameter, these too will be incorporated.  This October 2010 document covers Version 1.1 and will be 
updated to coincide with the dissemination of each new version of the calculator.  The last section in future 
versions of this fi rst chapter, OVERVIEW AND INTRODUCTION, will summarize the changes made in a 
newly released version of the calculator.  The details of changes made will also be highlighted throughout the 
subsequent sections of the user’s manual.

SYSTEM REQUIREMENTS

The SOG Calculator Version 1.1, was developed using Microsoft Excel 2007.  It is available online at 
www.organic-center.org/SOG_Home in three versions:  MS Excel 1997-2003, MS Excel 2007, and MS 
Excel 2010.   Windows XP, Windows 7 or Windows Vista or a higher version operating system is required 
to run this application.  Those wishing to use the calculator on an Apple computer are encouraged to 
download the MS Excel 1997-2003 version.

All worksheets within the calculator are set to optimal viewing at 85% magnifi cation, with 
the exception of Steps 8, 9 and 11 (INPUTS DETAIL), where the optimal viewing is set to 75% 
magnifi cation.  A user can increase (zoom out) the magnifi cation without losing the ability to see the 
values in a cell.  However, if the user decreases (zoom in) the magnifi cation below 85%, some of the 
numbers may appear as “#####”, depending on the resolution of the user’s monitor.

A. BASIC STRUCTURE

The SOG calculator is a free-standing simulation model built in Microsoft Excel that is composed of 
three sets of interconnected worksheets:

  The fi rst set of worksheets characterize the scenarios addressed in a given application and begins 
with APPLICATION SETUP, which specifi es up to four scenarios in a given application.  

  The next four CHOSEN PARAMETERS worksheets provide a complete accounting of all input 
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parameter values embedded in the 15 Steps throughout the calculator.  

  The second set of worksheets report the detailed RESULTS TABLES for a given application of the 
calculator in each of up to four scenarios.  

  The third set of worksheets contains the 15 operational steps of the calculator where input 
variable values are specifi ed and then used in making a series of calculations.  

APPENDIX worksheets in the SOG Calculator provide further explanation of the equations embedded 
in the calculator, OPTIONS chosen for various parameters, and DEFAULTS used to initialize the 
Calculator.

APPLICATION SETUP

The fi rst worksheet in the SOG calculator, APPLICATION SETUP, allows the user to establish the 
name of the application and defi ne up to four scenarios.  The application name is then displayed in the 
upper right hand corner of all the worksheets in Steps 1-15 and the RESULTS TABLES.  The scenario 
titles are also displayed in the corresponding,  color-coded columns for each scenario.  Scenario 1 is 
blue, Scenario 2 is green, Scenario 3 is orange and Scenario 4 is purple throughout the calculator.  

Four scenarios can be modeled in a single application of the calculator (see below).  Scenarios can 
diff er across many parameters or just a few, for example, by level of production, reliance on pasture, 
feed rations, or manure management systems.   

In a typical application, it may be helpful to think of Scenario 1 as a baseline, representing a specifi c 
farm or average values across a set of farms sharing many characteristics.   Scenarios 2, 3 and 4 could 
then diff er from Scenario 1 in one or several ways, refl ecting diff erences between two groups of farms 
or projecting the consequences of a given change in management systems on a specifi c farm.  

Important Note – Each scenario that represents an organic farm should have 
a check mark in the ORGANIC box embedded in the scenario description line in 
APPLICATION SETUP.  This box, when checked, signals the calculator to skip the 
calculation of synthetic nitrogen fertilizer or synthetic pesticide input applications on 
feed crops in Step 11 and also affects the summary results in Results Table II. 
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CHOSEN PARAMETERS

The fi rst four worksheets provide a summary of all user defi ned values and values where the user has 
the option of selecting a USER REPORTED, INTERNALLY CALCULATED or established DEFAULT value 
for parameters within the 15 operational steps.  

The four CHOSEN PARAMETERS worksheets are organized as follows:

  Part I.  Parameters Related to Production (Steps 1-5)
  Part II.  Parameters Related to Inputs (Steps 6-12)
  Part III.  Parameters Related to Nutrient Excretions (Step 13)
  Part IV.  Parameters Related to Greenhouse Gas Emissions (Steps 14-15)

An example of the fi rst CHOSEN PARAMETERS worksheet is shown below. 

Throughout the 15 operational steps in the SOG calculator, a given parameter value can be set in up to 
three ways: a USER REPORTED value, an INTERNALLY CALCULATED value, or a DEFAULT value.  In a few 
cases, addition options are provided when, for example, there are several recognized formulas to calculate a 
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given value like methane emissions per unit of manure excretion, as in Step 15.  
Users must select the parameter value of choice by clicking the radio button associated with one of 
the options for specifying a given parameter value.  The CHOSEN PARAMETERS worksheets bring 
together all of the input parameter values chosen by the user, in each scenario for Steps 1-15.  The 
CHOSEN PARAMETERS worksheets are structured to facilitate assessment of changes in parameter 
values across scenarios and applications.  If a user changes a parameter value in, for example, Step 
3, Scenario 2, the value for that parameter in the Scenario 2 column of the CHOSEN PARAMETER 
worksheet will be automatically updated.  

Important Note – The reverse is not true.  Changing an input parameter value 
in a CHOSEN PARAMETERS worksheet does not change the value in the step 
where the input parameter is first introduced and used in the calculator. 

In each of the four CHOSEN PARAMETERS worksheets, the fi rst four colored columns record the user-
chosen or specifi ed input parameter values in each of the four scenarios in the current application.  The 
column VARIABLE NAME is presented to help the user recognize where and how diff erent parameters 
are embedded in equations throughout the calculator.  In any cell where a value is calculated, the 
formula used and input variables within the equation will be visible in the “fx” function box in Excel, 
directly above the fi rst row in any worksheet.   

The four columns on the right of each CHOSEN PARAMETERS worksheet – under the heading 
UPDATE PARAMETERS TO – give the user a clean workspace to specifi y changes to input parameters 
to be made in a new or modifi ed application, in any one or all four of the scenarios.  

Once a set of changes in input parameter values are decided upon and recorded in the far-right set of 
columns, a user should print the worksheet and use it as a reference as the changes are made in each 
of the relevant Steps in the body of the calculator. 

RESULTS TABLES

Four RESULTS TABLES appear directly after the CHOSEN PARAMETERS worksheets.  The values in 
these results tables are all drawn from the 15 operational steps.  When an input parameter value 
is adjusted in any given step, the change will lead to diff erences in one or more calculations of 
production, inputs, or waste generation.   These diff erences will also automattically update values and 
calculations that will appear in the results tables.  

The four RESULTS TABLES cover:

  Part I.  Overview of Milk and Meat Production 
  Part II.  Overview of Land and Inputs Required in Feed Production
  Part III.  Overview of Manure and Nutrient Excretions
  Part IV.  Overview of Greenhouse Gas Emissions 
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Part I. Overview of Milk and Meat Production

Results Table I. briefl y recaps the key parameters from Steps 1-5 involving the lactating cow, milk 
and meat production, and gross revenue associated with production.  Key parameters include the 
replacements needed to sustain a herd, the number of years in a cow’s life, the number of lactations 
she has and the average length of her lactations.  Milk, calf and meat production is summarized by 
lifetime and per year of a cow’s life.  Gross Revenue summarizes the revenue associated with milk, 
meat and calf sales during a cow’s productive lifetime and per year of life.

Milk production is reported in two ways: Unadjusted values and “Energy Corrected Milk” (ECM).  ECM 
takes into accout the nutritional quality diff erences between milk associated with levels of fat and 
protein.  ECM is the measure of milk production most commonlyused in dairy science research. 
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Part II. Overview of Land and Inputs Required in Feed Production

Results Table II recaps Steps 6-11 by summarizing the acres required to produce feedstuff  over the 
course of a lactating cow’s productive life as well as crop inputs(synthetic nitrogen, herbicides and 
insecticides) used to produce associated feedstuff .  They are measured for one lactating cow and her 
supporting herd by kg of daily milk, per day, per lactation, within a lifetime and per year of life.

“Prime Row” cropland is Class I land under the Natural Resources Conservaton Service’s Land 
Capability Classifi cation system.  “Other Land” is all cropland other than Class I land. 
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Part III. Overview of Manure and Nutrient Excretions

Results Table III. summarizes the manure and nutrient excretions calculated in Step 13 based on the 
dietary intakes from DMI rations in Step 12.  The excretions are broken out for one lactating cow, the 
other animals in the herd and a total of the two combined.  The results measure manure, dry matter, 
nitrogen, phosphorus and potassium excretions per kg of Unadjusted milk and ECM, per day, and 
Unadjusted milk per lactation, over a lifetime and per year of life.
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Part IV. Overview of Greenhouse Gas Emissions

Results Table IV. summarizes the methane gas emitted from one lactating cow, the other animals 
in the supporting herd and the total of the two combined, as calculated from Steps 14-15.  Methane 
gas is produced by enteric fermentation and manure, each of which is reported individually, and 
then combined in TOTAL METHANE. Results are reported kg of Unadjusted milk and ECM per day, 
and Unadjuste milk per lactation, within a lifetime and per year of life.  The total daily methane gas 
emitted from all animals is reported at the bottom of the table.
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Results are reported in several ways, and usually in both English and metric units.  In general, results 
are reported per day, per lactation, over the cow’s lifetime, and the annual average during a cow’s 
lifetime (lifetime total divided by the number of years of life).  For two important reasons, the later 
measure - production, inputs used, or wastes generated per year of life - is the most important 
and least biased overall metric of dairy farm performance and impacts.  First, this metric takes into 
account the signifi cant quantity of feed inputs and wastes generated in the fi rst two years of an 
animal’s life, before a fi rst calf is born or fi rst gallon of milk is produced.  Second, this metric also 
refl ects the longevity of the animal, and indirectly, the impacts of dairy farm management systems on 
animal health.  

As a general rule of thumb, the longer a cow’s productive life, the lower the feed inputs and wastes 
generated per unit of milk and meat produced.  This is, in part, because the feed inputs and wastes 
over the fi rst two years of life are, in eff ect, amortized over longer periods of time on farms where 
cows live longer and are successfully rebred several times.

Accounting for the impact of cow health and longevity on the environmental footprint of dairy 
production is just as essential as accurately accounting for feed inputs and production levels.  As 
dairy cow genetics and management systems have increased daily milk production, animal health, 
reproductive performance, and longevity has declined (Chagas et al., 2007; Hadley et al., 2006; 
Kellogg et al., 2001; Knaus, 2008; McConnel et al., 2008; Moore and Kirk, undated; Olynk and Wolf, 
2008; Smith et al., 2000; Thomsen et al., 2006; Tsuruta et al., 2005).  

For these reasons, comparing the impacts of dairy farm management systems per average year over a 
cow’s full lifetime is the best option to minimize bias in assessing alternative systems. Acknowledging 
and addressing this key source of potential bias is especially important in any studies comparing the 
performance of high-production dairies to low-to moderate-production operations that place a higher 
premium on cow health and incorporate a larger share of forage-based feeds in rations. 

 THE FIFTEEN STEPS

Each of the 15 operational steps within the SOG calculator is discussed at length in subsequent 
sections of this manual.  In brief, they are:

 Step 1.  Herd Profi le – establishes the animals needed to sustain one lactating cow on an ongoing 
basis, and the body weights of each animal type.

Step 2. Cull and Death Rates – accounts for specifi c factors determining cull rates and death and 
downer cow rates.

 Step 3. Lactation Profi le – establishes the milk production level, milk quality, calculates ENERGY 
CORRECTED MILK (ECM), and the average length of lactation and dryoff  periods. 

Step 4. Breeding and Health – records the method of breeding, reproductive performance and 
outcomes, impacts of embryo loss and abortion on calving intervals, calf production, days of diverted 
milk from multiple causes, average number of lactations in a cow’s productive life, and the average 
age of cows at the end of their productive life.  



Page 16

SHADES OF GREEN CALCULATOR - VERSION 1.1.

Step 5. Total Production – total milk and meat production, and revenue from all production outputs.

Step 6. DMI Required – total dry matter intake required for a lactating cow and sustaining animals in 
the herd, based on the level of milk production specifi ed, cow size and condition, and the feedstuff s 
that make up cow rations.

Step 7. Feedstuff  Required – feedstuff  yield assumptions and DMI conversions for daily animal feed 
crops.

Step 8. DMI Worksheet – optional detailed worksheet for calculating average annual shares of DMI 
for specifi c feeds based on monthly feed rations for the lactating cow.

Step 9. Daily DMI Rations – average daily feed composition as a percent of DMI required per day, for 
all dairy herd animals.

Step 10. Acres Required – crop acres required to produce the feedstuff s for dairy animals.

Step 11. Inputs – provides estimates of synthetic nitrogen fertilizer and pesticides required to 
produce feed for dairy animals per lactation, while Step 11-Detail breaks this data out per type of 
dairy animal on a per day basis.

Step 12. Dietary Intakes – measures dietary intakes of crude protein, phosphorus, and potassium by type of 
dairy animal.

Step 13. Manure and Nutrient Excretions – measures daily manure and nutrient excretions by type of dairy 
animal.

Step 14. Greenhouse Gas Factors – establishes factors governing greenhouse gases such as climate, waste 
management systems, and energy requirements.

Step 15. Methane Emissions – calculates average daily enteric and manure-related methane emissions 
from dairy cattle.

B.  USER FLEXIBILITY

The SOG calculator is designed to allow users to customize a given application to assess a wide range of 
alternative systems, inputs, feed rations, and outcomes.  The more precise the input data incorporated in 
an application, the more accurate the estimates of the impacts and performance of the system.  In addition, 
users have the option in several places to select or alter the equation or method used to calculate a particular 
output value.  

Throughout Steps 1-15, users are provided several options to specify production system characteristics 
or input parameter values.  In some cases, these options are listed in a drop-down box.  For example, in 
Step 3. Lactation Profi le, a drop-down box off ers three options in specifying the parameter MILKING 
FREQUENCY.  The options are: 2-X (daily), 3-X (daily), and seasonal.  
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For most input parameters, users can enter a USER REPORTED value, choose a DEFAULT value, or in 
many cases, rely on the INTERNALLY CALCULATED value:
 
1. USER REPORTED (UR) – Values known by the user to be correct, or the best estimates in the 

context of a specifi c application.  UR values might come from farm records, USDA surveys, or 
published research.   UR cells are displayed as white, to help identify where data can be entered by 
the user.

2. DEFAULT (D) – Default values are currently incorporated throughout the calculator to make it 
easier for users to carry out a new application.  They have been established based on published 
research, industry and government surveys, IPCC and/or EPA standards, or expert judgment and 
are intended to refl ect average conditions on U.S. dairy farms over the last decade.  All DEFAULT 
values and sources are listed in the last worksheet in the calculator entitled DEFAULT VALUES 
INCORPORATED INTO STEPS 1 THROUGH 15.  Users cannot alter these default values, although 
they can be changed in a customized application of the calculator.  Contact Dr. Charles Benbrook 
to discuss this option (cbenbrook@organic-center.org).  

3. INTERNALLY CALCULATED (IC) – IC values are automatically calculated from other input 
parameters and/or calculated using widely accepted formulas embedded in the calculator, (All 
embedded equations and their sources are listed in APPENDIX A of the SOG calculator). 

    
The USER REPORTED option provides an opportunity to incorporate in a given application specifi c 
details about a dairy farm, or set of related farms by overriding calculated and/or default values for 
a given parameter.  For example, Step 4.3 establishes the key performance parameter CALVING 
INTERVAL, which is the average number of days between the birth of one calf and the birth of 
the next in a given herd of lactating cows.  This variable can be USER REPORTED and will also be 
INTERNALLY CALCULATED by adding together the length of lactation and days in the DRYOFF 
PERIOD.  Both of these parameter values are established in Step 3.

Important Note – When the USER REPORTED and INTERNALLY 
CALCULATED values for a given variable are the same or similar, the user 
can be confident that there is internal consistency in the values of related 
parameters (LENGTH OF LACTATION and DRYOFF PERIOD in the 
above example of how CALVING INTERVAL is internally calculated).  

Sometimes a USER REPORTED value will differ markedly from an INTERNALLY 
CALCULATED value.  Such differences alert the user to inconsistency or error in one 
or more input parameter values.  In general, differences falling in the range of plus 
or minus 5% to 10% should be expected given that record keeping is never perfect 
or complete, but larger differences should be investigated and resolved, since the 
underlying cause may be associated with misunderstanding of the definition of a given 
calculator parameter or the impacts of a given practice, system, technology, or input.

To flag and address possible cases of inconsistency, a warning message will appear 
when a USER REPORTED value is chosen over an INTERNALLY CALCULATED value.  
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This message will appear to the far right of Scenario 4 and states “If UR and IC values 
differ significantly, check accuracy of input parameter values used in the IC formula.”

The basis for, or source of each UR, D, and IC variable in the calculator is, or can be identifi ed using the 
cells in the SOURCE NO. column to the right of these values; each cell is linked to a footnote below 
the table in a given worksheet.  Additional sources for USER REPORTED values can be described in the 
footnotes at teh bottom of each worksheet.   

SUGGESTED APPROACHES IN USING THE CALCULATOR

In working with the SOG calculator, users can begin in two ways:

  Open a  “clean” copy of the calculator with no information specifying any of the four scenarios, 
nor any input values, and fi ll out all information required to defi ne and run one to four scenarios; 
or

  Select an existing application of the calculator and modify any combination of input parameters 
in one to all four of the scenarios to more accurately refl ect the conditions on a specifi c farm or 
group of farms.  

The best way to proceed with the fi rst option – starting with a “clean” copy of the calculator is to 
download, open, and save SOG Version 1.1 without any changes; then reopen or resave Version 1.1, 
renaming and saving it as “Appl_Number or Appl_Name_Date,” standing for application number X 
or the name of the application, followed by the date (or any other fi le name a user prefers).  Then, in 
the renamed fi le, the user can proceed to make changes in various parameters in one or more of the 
scenarios, or create one to four totally new scenarios.  

Throughout Steps 1 through 15, the “clean” copy of the calculator will  have the radio button for 
the DEFAULT (D) values pre-selected for each parameter.  In cases where there is an INTERNALLY 
CALCULATED (IC) value available, then it will be pre-selected.  In some instances there is more than 
one IC value.  For example, in the case of Step 15,  METHANE (ENTERIC ONLY) can be calculated 
based on diff erent equations.  In this case, the EPA-method is selected as the DEFAULT method. This 
selection can be changed by clicking alternative radio buttons.  In Steps 7, 8 and 9 where the animal 
rations, crop yields, and details regarding crop production inputs are recorded, there are no radio 
bottons to select.  The D values are incorporated directly into the spreadsheet and should be replaced 
whenby user or farm specifi c data are available.  

The D and IC values within Steps 1 - 15 make it easier for a user to carry out a new application of the 
calculator.  A user must specify only fi ve parameters in order for the calculator to produce results 
otherwise based on D or IC values for other parameters.  These fi ve are:

  Breed of animal in Step 1.4
  Number of lactations in productive life, Step 2.4
  Unadjusted milk production level per day, Step 3
  Milk fat content, Step 3
  Milk protein content, Step 3
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The second option for using the SOG calculator is to open an existing application that already 
contains all required input parameter values for one to four scenarios.  The user can then alter any one, 
and up to four, of the scenarios by changing some (or even all) input parameter values.  

An application of SOG should be designed to answer a discrete set of questions regarding the impact 
of diff erences between two or more dairy farm management systems, or changes in a given dairy 
farm’s management system.  Common steps in doing so would include fi rst defi ning or choosing 
a baseline scenario, refl ecting the average or typical circumstances on a farm or a group of closely 
related farms.  Scenarios 2, 3 and 4 can model how baseline performance parameters will change as a 
result of various combinations of changes in management.  

Over time, The Organic Center and other users of the calculator will develop and make available 
a growing set of SOG applications, which can be drawn upon and adapted by users in developing 
applications of interest to them.

Once a baseline scenario is established, the other up-to-three scenarios can be used to analyze the 
impacts of changes in production levels, milk quality, cow health, the mix of feed supporting dairy 
animals, manure management systems, and many other elements of dairy farm management.  If 
multiple input parameter values are changed in a single scenario, it can be tricky to determine which 
change accounts for diff erences in performance, as refl ected in changes in the results tables.  To get 
around this problem, Scenario 2 can be used to model one change, Scenario 3 to model a second 
change, and then the two changes can be combined in Scenario 4.  By comparing the results from 
these three alternative scenarios, the user will be able to isolate the impact of the two changes, as well 
as estimate their combined impacts.
 




