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3. The sample size is four initiatives–and all of them passed

4. Volunteer time and legal fees are not included in the cost of an initiative

Limitations that would likely underestimate the cost-effectiveness of ballot initiatives

1. My definition of “suffering” as pain fitting the criteria of “Disabling pain” used by
the Welfare Footprint Project is fairly strict–other reasonable-yet-less-strict
definitions could lead to large increases in the estimated cost-effectiveness of ballot
initiatives.

2. The assumed proportion of veal calves living in extremely confining stalls relies
on one report from one industry group.

3. The number of years of counterfactual credit to give to an initiative is difficult to
assess, and the cost-effectiveness is non-linearly related to speed-up time.

4. I assume that the demand for eggs is inelastic, but if welfare requirements lead to
higher prices and lower quantities of eggs sold, then the number of additional hens
required to produce the market equilibrium quantity of eggs following a transition
to cage-free housing would be lower than that which is assumed here.

Limitations with an unknown effect on the generalizability and accuracy of these results
to the cost-effectiveness of ballot initiatives more broadly

1. We omitted indirect effects of the ballot initiatives, outside of the individual
animals helped.

2. The Welfare Footprint Project model assumes pain from different causes can be
experienced in an additive way when they are simultaneously present.

3. There were a lot of variables, and some were based on guesses.

4. I assume that hens, veal calves, and breeding sows are equal in terms of capacity to
suffer.

5. The analysis only includes three types of animals.

6. Low-hanging fruit (easy-to-pass ballot initiatives) may be picked–or not,
depending on your counterfactual.

7. I assume that there is incomplete-yet-high compliance with the ballot initiatives
among in-state producers and incomplete accuracy in restricting imports to
welfare-compliant products. If this assumption is inaccurate, the cost-effectiveness
will change.
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Executive Summary

Key Results

In this report, I estimated the impact and cost-effectiveness of four historical United States
ballot initiatives that either restricted the use of common animal confinement methods
(including extremely confining stalls and tethering for veal calves, extremely confining
gestation crates for breeding sows, and conventional cages for egg-laying hens), set
minimum per-animal space requirements, and/or mandated cage-free systems for
egg-laying hens.1 These initiatives are Arizona Proposition 204 (2006), California
Proposition 2 (2008), Massachusetts Question 3 (2016), and California Proposition 12 (2018).

The three metrics of impact I estimated were:
1. The number of years of improved animal welfare produced per dollar spent passing

the initiatives for three animal types (veal calves, breeding sows, and egg-laying
hens);

2. The estimated years of disabling pain-equivalent suffering2 alleviated per dollar for
veal calves, breeding sows, and egg-laying hens; and

3. The relative years of improved hen welfare and disabling pain-equivalent suffering
avoided per dollar per year of counterfactual impact compared to corporate
cage-free campaigns,3 rated using an equivalent metric.

I estimated these metrics by building a Monte Carlo model in Causal that used data on state
population sizes, per-capita animal product consumption, state animal populations, and
campaign fundraising amounts to estimate the number of animals whose quality of life was
improved over the first four years in which the ballot initiatives were in place. In addition,
for egg-laying hens specifically, I used data from the Welfare Footprint Project to estimate
the years of suffering alleviated by the transition away from conventional cages for the
ballot initiatives that included egg-laying hens (Welfare Footprint Project). Finally, I
compared the per-dollar years of improved welfare generated and suffering avoided by
ballot initiatives to that accomplished by corporate campaigns, using cost-effectiveness
estimates from Saulius Šimčikas, the estimated number of animals whose lives were
improved, and the Welfare Footprint data.

3 Corporate campaigns occur when advocates for a social cause (in this case, cage-free eggs)
use coordinated pressure tactics to get corporations to change an aspect of their production
process.

2 Hereafter, I use the phrase “suffering” as a short-hand for “suffering that is equivalent to
disabling pain as defined by the Welfare Footprint Project,” or disabling-equivalent
suffering.

1 In the rest of the report, I use the short-hand “ballot initiatives” to refer to initiatives that
mandate these animal welfare improvements.
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The key takeaways are:
1. Among all species, about 5.0 years of animal life were improved per dollar spent

(with a 90-percentile range between 3.9 and 6.4 years per dollar). This translates into
approximately 0.10 years of suffering avoided per dollar spent on all four ballot
initiatives, with a 90-percentile range from 0.05 years per dollar to 0.14 years per
dollar. [more]

2. Helping egg-laying hens is, by far, the most impactful farmed animal welfare
reform.

a. Nearly all (about 99%) of the reductions in farmed-animal suffering by these
four initiatives can be attributed to bans on battery cages and/or cage-free
requirements. [more]

b. The three initiatives that impacted egg-laying hens were approximately two
orders of magnitude more cost-effective than Arizona Proposition 204,
which impacted only veal calves and breeding sows. [more]

3. Ballot initiatives that covered all animal products sold in the state were probably
more cost-effective than those which only applied to domestic animals, but this
finding is uncertain. [more]

4. Keeping costs constant, assuming demand for eggs is price inelastic, and adjusting
for differential productivity of cage-free and caged hens, requiring cage-free aviaries
wasn’t statistically significantly better than banning conventional cages (and
permitting enriched cages), according to a hypothetical example using
Massachusetts Question 3 data. [more]

5. Ballot initiatives were less cost-effective but still competitive with corporate
cage-free campaigns, even when they only targeted domestic production and
allowed enriched cages.

a. In terms of the number of hen-years improved per dollar per year of impact,
the three ballot initiatives studied were about 21% to 81% as cost-effective as
corporate cage-free campaigns are, with a mean estimate of 44% as
cost-effective. Historical ballot initiatives studied improved an estimated 1.3
(1.0 to 1.7) years of life for egg-laying hens per dollar per year of impact,
whereas corporate campaigns improved an estimated 3.5 (1.7 to 6.2) years of
life per dollar spent per year of impact (based partially on Šimčikas 2019).
Moreover, because ballot initiatives apply to all eggs produced in a state
(whether consumed at home or at a restaurant), and if corporate campaigns
face quicker diminishing marginal returns, future ballot initiatives may have
a larger scale and cost-effectiveness than that which was measured here.
[more]

b. In terms of years of suffering per year of impact, the three ballot initiatives
that affected egg-laying hens were about 25% as cost-effective (11% to 47%) in
terms of years of suffering per year of impact as were historical cage-free
corporate campaigns. I estimate that historical ballot initiatives averted 0.025
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(0.014 to 0.038) years of suffering per dollar per year of impact, compared to
0.12 (0.05 to 0.23) years of suffering per dollar per year of impact for
corporate campaigns. [more]

c. Even California Proposition 2, which permitted enriched cages and only
targeted domestic production, was estimated to have been 21% (8% to 40%) as
cost-effective at reducing suffering as corporate cage-free campaigns per year
of impact. Even assuming imperfect compliance, the initiative is estimated to
have reduced 0.02 (0.013 to 0.027) years of disabling-equivalent suffering per
dollar per year of impact. Part of the high impact, relative to the other ballot
initiatives, likely comes from the fact that when California Proposition 2 was
implemented, the proportion of hens who were cage-free was much lower
than it was when the other initiatives were implemented. Nevertheless, this
style of initiative may be more politically feasible than cage-free mandates in
states with high egg production but which are more conservative than
California. [more]

Key Limitations

As with any back-of-the-envelope calculation, there are several limitations that may reduce
the accuracy of my estimated cost-effectiveness analysis (Šimčikas 2019). I list these below.

Limitations that would likely decrease the cost-effectiveness of these ballot initiatives:
1. The counterfactual of passing a law might be even more cost-effective than ballot

initiatives. [more]
2. The aggregated estimates do not include the interactions that ballot initiatives have

with legislative and regulatory actions or corporate campaigns. [more]
3. The sample size is four initiatives–and all of them passed. [more]
4. Volunteer time and legal fees are not included as costs of an initiative. [more]

Limitations that would likely increase the cost-effectiveness of these ballot initiatives:
1. My definition of “suffering” as pain fitting the criteria of “Disabling pain” used by the

Welfare Footprint Project is fairly strict–looser definitions could lead to large
increases in the estimated cost-effectiveness of ballot initiatives. [more]

2. The assumed proportion of veal calves living in extremely confining stalls relies on
one report from one industry group. [more]

3. The number of years of counterfactual credit to give an initiative is difficult to
assess, and the cost-effectiveness is non-linearly related to speed-up time. [more]

4. I assume that the demand for eggs is inelastic, but if welfare requirements lead to
higher prices and lower quantities of eggs sold, then the number of additional hens
required to produce the market equilibrium quantity of eggs following a transition
to cage-free housing would be lower than that which is assumed here. [more]
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Limitations with an unknown effect on the generalizability and accuracy of these results
to the cost-effectiveness of ballot initiatives more broadly:

1. We omitted indirect effects of the ballot initiatives, outside of the individual animals
helped. [more]

2. The Welfare Footprint Project model assumes pain from different causes can be
experienced in an additive way when they are simultaneously present. [more]

3. There were a lot of variables, and some are based on guesses. [more]
4. I assume that hens, veal calves, and breeding sows are equal in terms of capacity to

suffer. [more]
5. The analysis only includes three types of animals. [more]
6. Low-hanging fruit (easy-to-pass ballot initiatives) may be picked–or not, depending

on your counterfactual. [more]
7. I assume that there is incomplete-yet-high compliance with the ballot initiatives

among in-state producers and incomplete accuracy in restricting imports to
welfare-compliant products. If this assumption is inaccurate, the cost-effectiveness
will change. [more]

Purpose and Background

Twenty-four of the fifty United States allow citizens to put forth and vote directly on
statutes and/or state constitutional amendments they would like to see passed.4 Such
proposals are called ballot initiatives which, since their origination in South Dakota in 1898,
have been used numerous times to protect the conservation status and welfare of wild and
domesticated animals (National Conference of State Legislatures, 2022).

This report estimates the cost-effectiveness of historical ballot initiatives targeting farmed
animal welfare. Though I hope that the results are relevant for designers of and advocates
for future ballot initiative campaigns, the extrapolation from these results to future ballot
initiatives may not be appropriate.

The four initiatives studied are Arizona Proposition 204, California Proposition 2,
Massachusetts Question 3, and California Proposition 12. I give a brief overview of each in
the following four sections.

Arizona Proposition 204

The Arizona Humane Farms initiative–henceforth called Arizona Proposition 204–was
passed in 2006 with 62% of the vote and came into full effect starting January 1, 2012. The

4 Two other states, New Mexico and Maryland, allow citizens to put forth only “veto
referenda,” which can overrule an act that was passed into law. Veto referenda do not allow
citizens to implement their own statutes or amendments, but serve rather as a “yes/no”
vote on an act of the government (Ballotpedia).
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initiative made it a “class 1 misdemeanor to tether or confine a pig during pregnancy or a
calf raised for veal on a farm for all or the majority of a day in a manner that prevents the
animal from lying down and fully extending its limbs or turning around freely” within
Arizona borders (Ballotpedia). The mechanism for enforcement is unclear; no state funds
were to be spent unless a court found it necessary to do so (Brewer, 2006).

The initiative had exceptions for the treatment of such animals for veterinary purposes,
rodeos, transportation, slaughter, the seven-day period before the pig was expected to give
birth and research purposes (Ballotpedia). (Throughout this report, I assume these
exceptions make up a very small portion of a typical breeding sow’s lifespan and thus
ignore them for simplicity). It is important to note that the use of traditionally
industry-preferred housing arrangements–individual stalls for veal calves and gestation
crates for pigs–was not banned by Arizona Proposition 204. However, the requirement that
veal calves and breeding sows have sufficient space to move about their enclosures and lie
down may significantly alleviate the pain that occurs from extremely confining individual
stalls and gestation crates.

The text of Arizona Proposition 204 is available here (Brewer, 2006).

California Proposition 2

Similar to Arizona Proposition 204, California Proposition 2 (passed in 2008) banned the
confinement of in-state veal calves and breeding sows in housing that prevents them from
lying down, turning around, stretching their limbs, and standing up. However, California
Proposition 2 also extended these protections to egg-laying hens, the vast majority of
whom in caged systems are allotted space smaller than a piece of paper. There are
exceptions for “transportation, rodeos, fairs, 4-H programs, lawful slaughter, research and
veterinary purposes” (UC Hastings Scholarship Repository). The initiative imposed
penalties of a misdemeanor, a $1000 fine, and/or up to 180 days in jail for knowingly
violating the welfare requirements (Ballotpedia). Local law enforcement was in charge of
enforcement. However, the initiative did not mandate routine inspections so law
enforcement would need to rely on reports of animal welfare law violations (Khokha, 2015).
The initiative was passed in 2008 with over 63% of the vote, and its provisions took effect in
2015 (Ballotpedia).

Importantly, the initiative’s egg-laying hen reforms were not a cage-free mandate; rather,
the initiative banned the space conditions associated with conventional cages but still
permitted cages similar to the roomier “enriched” cages present in Europe. Such enriched
cages contain “a nesting area, litter, and more space for hens to move around” (Sarfas,
2021). Proposition 2 did not require the nesting area, litter, or perches, but the increase in
required space per hen marked a significant departure from conventional cages.
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Throughout this report, I assume that California Proposition 2’s reforms are most similar
to a mandate that allows either enriched or cage-free housing but bans conventional cages.

The text of California Proposition 2 is available on page 16 of this document (UC Hastings
Scholarship Repository).

Massachusetts Question 3

Similar to California Proposition 2, Massachusetts Question 3 (passed in 2016) bans “any
farm owner or operator from knowingly confining any breeding pig, calf raised for veal, or
egg-laying hen in a way that prevents the animal from lying down, standing up, fully
extending its limbs, or turning around freely” (Ballotpedia). Furthermore, egg-laying hens
were required to have access to at least 1.5 square feet of floor space. Massachusetts
Question 3 applied only to whole eggs and uncooked veal and pork, and I attempt to
control for the latter exception in the analysis below (Ballotpedia). Additionally,
Massachusetts Question 3 also stated that:

“The proposed law’s confinement prohibitions would not apply during
transportation; state and county fair exhibitions; 4-H programs; slaughter in
compliance with applicable laws and regulations; medical research; veterinary
exams, testing, treatment and operation if performed under the direct supervision
of a licensed veterinarian; five days prior to a pregnant pig’s expected date of giving
birth; any day that pig is nursing piglets; and for temporary periods for animal
husbandry purposes not to exceed six hours in any twenty-four hour period”
(Ballotpedia).

These conditions, I assume, are either negligible in comparison to the length of animals’
confinement and/or apply to a small fraction of animals in the state. Violations of the law
would result in a fine of up to $1000. The Attorney General is in charge of enforcing the
law and could issue regulations to aid in implementing it (Ballotpedia).

In contrast to California Proposition 2 and Arizona Proposition 204, however, the
minimum space requirements also applied to out-of-state producers. Specifically, the ballot
summary states:

“The proposed law would also prohibit any business owner or operator in
Massachusetts from selling whole eggs intended for human consumption or any
uncooked cut of veal or pork if the business owner or operator knows or should
know that the hen, breeding pig, or veal calf that produced these products was
confined in a manner prohibited by the proposed law” (Ballotpedia, bold added).

As such, it marked the first time a farm animal welfare ballot initiative in the United States
extended to all qualifying goods sold in the state.
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Massachusetts Question 3 was passed with nearly 78% of the vote and was set to take effect
on January 1, 2022. In late 2021, the state legislature and governor enacted a law that
delayed the start date of Massachusetts Question 3 by 7.5 months but also strengthened the
egg-laying hen protections to explicitly require cage-free housing and cover liquid eggs. As
part of this law, a compromise was made such that multi-tiered aviaries (which allow birds
to access greater vertical space) only had to provide one square foot of space per bird, as
opposed to the 1.5 feet required for single-tiered systems (Lisinski, 2021). Hereafter, I
assume that single-tiered aviaries and multi-tiered aviaries both produce welfare
improvements on par with those accompanying the transition from battery cages to
cage-free systems as documented by the Welfare Footprint Project (Welfare Footprint
Project).

In August 2022, a petition for injunctive relief regarding the pork standards made by the
Massachusetts Restaurant Association against Massachusetts was temporarily granted
pending the outcome of the lawsuit at the Supreme Court of the United States (SCOTUS)
involving California Proposition 12 (Ballotpedia). However, on May 11, 2023, SCOTUS
upheld California’s ability to ban the sale of pork produced using non-compliant housing
(Raymond 2023). In this report, I estimate the cost-effectiveness of Massachusetts Question
3 under the assumption that the pork standards in the ballot initiative will take effect, as
they already have for egg-laying hens and veal calves (Eyink and Lovells, 2022).

California Proposition 12

The final ballot initiative I considered is California Proposition 12, which was passed in 2018
with approximately 63% of voters’ approval. Like Massachusetts Question 3, its provisions
extended to all goods sold in the state except meat that was part of a prepared food item.
There were also carve-outs for confinement during transportation; medical research;
veterinary exams and treatment; rodeos, 4-H, and fairs; slaughter; the five-day period
before giving birth and while nursing (for breeding sows); and brief periods limited to six
hours per day and a maximum of one day per month for animal husbandry reasons.
Violations are misdemeanors and punishable by fines up to $1000 and/or jail time up to
180 days (Ballotpedia).

Unlike the prior initiatives, California Proposition 12 was unique in its explicit
establishment of space minima. Starting in 2020, the initiative mandated that all veal sold
come from calves who had at least 43 square feet of floor space apiece and that all eggs sold
come from hens with at least 144 square inches of space. Further, in 2022, all pork sold had
to come from pigs whose mothers had at least 24 square feet of space, and all eggs sold
would have to be from hens living in enclosures compliant with the United Egg Producers’
cage-free guidelines (Ballotpedia). The cage-free guidelines not only mandate that hens
have at least 1 to 1.5 square feet of space, but also that hens “are free to roam unrestricted;
are provided enrichments that allow them to exhibit natural behaviors, including, at a
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minimum, scratch areas, perches, nest boxes, and dust bathing areas” (Shankar, 2017).
Moreover, unlike Proposition 2, California Proposition 12 was enforced by the California
Department of Food and Agriculture and the California Department of Public Health,
rather than local law enforcement, and these agencies could issue rules and regulations to
assist in the enforcement of Proposition 12 (Ballotpedia).

In 2019, the National Pork Producers Council (NPCC) sued California over Proposition 12’s
application of its pork standards to all whole pork sold in the state. They alleged that the
effects on out-of-state producers constitute a violation of the United States Constitution’s
Interstate Commerce Clause (which allows the U.S. Congress to regulate interstate
commerce) and the “dormant” Commerce Clause (which prohibits states from regulating
other states’ behavior) recognized by past Supreme Court rulings. The case was dismissed
at the district court level, and the Ninth Circuit ruled against the NPCC in July 2021. The
NPCC appealed to the Supreme Court, and the Court heard oral arguments on October 11,
2022 (Ballotpedia). On May 11th, 2023, SCOTUS upheld the constitutionality of
Proposition 12 (Raymond 2023), paving the way for California’s pork standards to finally
take effect. In this analysis, I estimate the cost-effectiveness of the minimum space
requirements under the assumption they’ll eventually take effect.

Brief Methodological Overview

In this report, I estimated the cost-effectiveness of the four historical farmed animal
welfare ballot initiatives in terms of

1. The number of years lived by animals whose welfare was improved per dollar spent
on passing the initiatives;

2. The estimated years of suffering alleviated per dollar; and
3. The relative number of hen-years improved and years of suffering avoided per

dollar spent per year of impact compared to corporate cage-free campaigns, rated
using an equivalent metric.

I used Causal to design the model, and I included confidence intervals on most inputs to
represent the uncertainty in my estimates. The model is available here,5 and the remaining
sections of this report describe line-by-line the variables used and calculations made in this
model, as well as the justifications for and limits of my choices. The final results are
included in the “Overall Cost-Effectiveness” sections of this report and the model.

The general methodology I used to estimate the per-dollar number of animal years
improved by each initiative included 1) identifying ballot initiatives for which campaign
finance information was available, and 2) using agricultural and population data to estimate
the number of animal years improved.

5 The model re-runs each time the page is loaded or refreshed, so the numbers in this
report may differ slightly from those in each iteration of the model.
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Once I estimated the number of animal years improved by an initiative, I then converted
the result into an estimate of the years of animal suffering alleviated per dollar spent on the
initiatives. For egg-laying hens, I used estimates from the Welfare Footprint Project on the
number of hours of four kinds of pain a typical hen endures during her lifetime, based on
the type of housing she lives in (Welfare Footprint Project). I weighted each type of pain to
aggregate the time in pain into a single metric of time spent suffering. For veal calves and
breeding sows, I used the proportion of an egg-laying hen’s life spent suffering if she is in a
conventional cage as a benchmark for the proportion of veal calves and breeding sows’ lives
spent in suffering.

Upon finding that reductions in egg-laying hen suffering contribute over 99% of the
estimated impact, I used Saulius Šimčikas’ estimated number of animal years affected per
dollar spent on corporate campaigns (Šimčikas, 2019) and the same Welfare Footprint
Project data to compare historical ballot initiatives to this highly successful animal welfare
reform.

Ballot Initiative Selection

I gathered information from three sources on ballot initiatives related to animal welfare.
The first was the National Conference on State Legislatures’ (NCSL) Statewide Ballot
Measures Database. The second was FollowTheMoney.org’s database for ballot measures,
and the third was Ballotpedia. All files used to gather and store data are in my public
GitHub repository here, and a detailed description of the methods is available in the
Appendix.

First, to identify possibly relevant measures, I scraped the NCSL’s Statewide Ballot
Measures Database for ballot measures relating to animal welfare (using their tag of "Animal
Rights/Hunting & Fishing"). I did this on July 19, 2022. This procedure identified 137
relevant measures, including 121 ballot initiatives and 16 popular referenda (National
Conference on State Legislatures, 2022). I also used Ballotpedia’s “Treatment of animals on
the ballot” and “Hunting and fishing on the ballot” catalogs to find any initiatives not
contained in the NCSL’s database. I found three additional measures, bringing the total up
to 140 initiatives and popular referenda.

Given that I was looking for measures which had financial information, I then used the
FollowTheMoney.org database to find ballot measures’ fundraising information (also in late
July of 2022). I used a filter that included measures involving “Agriculture - Animal
Welfare” during any year and in any state and collected fundraising data for these
initiatives. I repeated this search for measures related to “Hunting & Wildlife” from any
year and in any state. Additionally, some ballot measures’ campaign finance data was
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available on Ballotpedia. Twenty-one of the measures identified had campaign finance
information available from these two sources.

Finally, I narrowed the data to ballot initiatives that mandate specific welfare requirements
in farm animal operations, so as to do an analysis directly relevant to farm animal
advocates. From the set of twenty-one, there were four ballot initiatives that fit this
category: Arizona Proposition 204 (2006), California Proposition 2 (2008), Massachusetts
Question 3 (2016), and California Proposition 12 (2018), all of which were included in the
analysis. In 2002, there was a successful campaign by farm animal welfare advocates to
amend the Florida state constitution to prohibit the confinement of breeding sows in spaces
too small to turn around in (Ballotpedia). However, there was no campaign finance data
available for this constitutional amendment, so I omitted it from this analysis (though,
again, it did pass, further underscoring how farmed animal ballot initiatives so far have
been successful).

General Inputs
This section describes the variables placed in the “Inputs” section of my Causal model,
which includes the ballot initiative speed-up time, a staff-cost multiplier for adjusting
campaigns’ reported fundraising numbers to estimate the total cost to pass a ballot
initiative, producer compliance rates, and weights for aggregating different types of animal
pain into a unified metric for suffering.

Speed-up time

Throughout this report, I assume that each ballot initiative has a speed-up time of four
years. That is, I assume that in a counterfactual world where each ballot initiative was not
passed in the year it was passed, the state passing it would have implemented identical
animal welfare regulations four years later. Implementing a speed-up time helps account
for the fact that such legislative efforts have impacts that stretch indefinitely into the future
by assuming that someone else would eventually have passed the same legislation, and all
the animal welfare advocates working on the ballot initiative are doing is speeding up the
process.

I chose the speed-up time of four years because it aligns with presidential election cycles.
However, if one prefers to use two years to align with midterm cycles (or another speed-up
time altogether), they can change the variable in my Causal model to the desired value.6

6 A speed-up time of two years would approximately halve the expected impact of each
initiative, except for veal calves. However, changes in annual veal calf confinement and
cage-free rates make this heuristic not completely accurate.
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Staff Costs Multiplier

For all the ballot initiatives except Massachusetts’ Question 3, I did not have data on
whether the campaign fundraising numbers (taken as a proxy for expenditures) included
campaign staff costs. However, I had data on the “in-kind” donations to the Massachusetts
Q3 initiative as well as the expenditures for both the “Yes” and “No” campaigns. This data
was provided by Josh Balk at The Accountability Board.

The Citizens Against Food Tax Injustice was the only committee that led Massachusetts’
Question 3 “No” campaign. Approximately 8.5% of this committee’s total spending was
in-kind (assumed to be entirely staff labor) (Office of Campaign and Political Finance).7 For
Massachusetts’ Question 3 “Yes” campaign, led by the Citizens for Farm Animal Protection
committee, in-kind donations made up 20.0% of the total spending (Office of Campaign
and Political Finance).8

The data I previously collected from FollowTheMoney shows that the “total fundraising”
amount reported by the “Yes” campaign group almost exactly matches the sum of the
expenditures and staff spending for this question by proponents as listed on
FollowTheMoney.org (OpenSecrets, 2022). Specifically, FollowTheMoney.org states that
$3,457,639 was spent by proponents of Question 3 (OpenSecrets, 2022). The sum of
expenditures and in-kind contributions reported over the duration of the Citizens for Farm
Animal Protection committee’s existence (from the first report filed January 22, 2016, to the
last filed April 18, 2018) was $3,485,382.879 (Office of Campaign and Political Finance). There
is a 0.8% discrepancy between these two reported values. Similarly, the sum of in-kind
contributions and expenditures for the opposition committee, Citizens Against Food Tax
Injustice, was $331,037.2910 (Office of Campaign and Political Finance), as compared to the
$330,737 reported on the FollowTheMoney website (OpenSecrets, 2022). This amounts to a
0.1% discrepancy. That the discrepancies between the FollowTheMoney campaign finance
data and the sum of expenditures and in-kind contributions were under 1% for
Massachusetts Question 3 suggests that in-kind contributions are typically being accounted
for in overall campaign costs reported by FollowTheMoney.

I looked for about half an hour for studies that address whether staff costs are included in
overall campaign costs. However, I think it’s safe to multiply fundraising numbers by a
uniformly distributed multiplier of 1.00 to 1.2 to account for the possibility that other
campaign finance disclosures may not have included staff costs. This multiplier also bakes
in uncertainty in accounting errors between the various reporting sites. Thus, the average
staff-cost multiplier is 1.1, meaning that we can expect that the total costs of each ballot

10 See row 8 of MA3 - No Expenditures

9 See row 12 of MA3 - Yes Expenditures 

8 I exported the data and made my calculations in the sheet: MA3 - Yes Expenditures 

7 I exported the data and made my calculations in the sheet: MA3 - No Expenditures
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measure when campaign staff costs are included equal about 1.1 times the reported
campaign finance numbers.

I am explicitly assuming that the costs of passing the ballot initiative are encompassed by
the official campaign costs plus this staff-cost multiplier. It is possible that animal welfare
groups also spent money and time promoting the campaign, without donating to the cause.
The extent of these possible additional costs is difficult to estimate, so I do not include them
here.

Domestic Compliance Rates and Imports Accuracy Rate

Even if a state passes a ballot initiative, there is no guarantee that domestic producers will
comply with the welfare requirements. Nor is there a guarantee that states will be entirely
effective at importing only compliant products. To address these concerns, I included two
input variables that allow the user to test different values of the “domestic compliance rate”
for Arizona Proposition 204 & California Proposition 2 (as one input) and Massachusetts
Question 3 and California Proposition 12 (as another input). I also allow the user to input
their own “imports accuracy rate” for Massachusetts Question 3 and California Proposition
12. For the sake of being slightly conservative, I assume imperfect compliance and accuracy
rates; however, because I am highly uncertain, I wanted to allow users to change this.

The domestic compliance rate is the proportion of animal products produced in a given
state that comply with the welfare requirements throughout the period of impact. For
California Proposition 2 and Arizona Proposition 204, I assume this is normally distributed
between 0.85 and 1.0 with 90% confidence (with a maximum of 1). For California
Proposition 12 and Massachusetts Question 3, I assume the domestic compliance rate is
normally distributed between 0.9 and 1.0 with 90% confidence (and a maximum of 1).

Gathering evidence for compliance and non-compliance is difficult because, unless a
non-compliant producer is discovered and the incident is reported publicly, we might not
know about violations. However, a few pieces of evidence suggest that compliance rates
might be high. First, all the initiatives were accompanied by fines–which are non-trivial for
producers who may already be operating on small profit margins–and/or misdemeanor
charges. Secondly, a news article from 2022 that interviews egg producers suggests that
those who cannot afford to convert to cage-free are decreasing or ceasing egg production
altogether, not continuing to produce in violation of the standards (in this case, those in
California Proposition 12) (Lee, 2023). This article cannot prove that this is the choice all
producers are making–it would be surprising for an egg producer to admit publicly that
they’re violating the law without the cover of anonymity. However, there also does not
appear to be much news reported about violations of California Proposition 2, which took
effect eight years ago. (I spent about an hour researching this, and could not find reporting
about violations.) As such, I have relatively high confidence that producers who can afford
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to do so will convert to welfare-compliant housing. Nonetheless, I cannot be certain, so the
mean compliance rate is less than 100%.

For both California Proposition 12 and Massachusetts Question 3, a state-level actor was
required to enforce the initiative: for California, this was the California Department of
Food and Agriculture and the California Department of Public Health; for Massachusetts,
the state’s Attorney General’s office. As such, I thought it reasonable to have a higher lower
bound on the compliance than for the initiatives which lacked a concrete method for state
enforcement.

The imports accuracy rate represents the proportion of imports into a state that is truly
compliant with the state’s welfare requirements. This parameter is only used for
Massachusetts Question 3 and California Proposition 12, as these were the only initiatives
studied whose welfare requirements targeted all qualifying animal products sold in the
state. I assume the imports accuracy rate is normally distributed between 0.9 and 1.0 with
90% confidence and a maximum value of 1. I don’t have any concrete evidence here, but if
the domestic compliance rate for these two initiatives is also high, we should expect the
proportion of welfare-compliant products to also be high.

Pain-Level Weights

The last general model input I included was a series of weights for aggregating the Welfare
Footprint Project’s pain reduction estimates into a unified metric. In doing so, I am
explicitly assuming that pain is a cardinal trait and that the badness of pain depends on
intensity and duration alone.11 The Welfare Footprint Project estimates the amount of time
hens spend in “Annoying” pain, “Hurtful” pain, “Disabling” pain, and “Excruciating” pain,
and the definitions of each type are described here (Welfare Footprint Project). I chose to
aggregate all these types of pain into a single “suffering” metric, using "Disabling" pain as
the reference type. Then, I borrowed the weights for pain conversion used by Saulius
Šimčikas in his assessment of hen welfare reforms (using Welfare Footprint Project data),
which equates one hour of “Disabling” pain to 100 hours of “Annoying” pain, 6.66 hours of
“Hurtful” pain, and 0.2 hours of “Excruciating” pain (Šimčikas, 2022). However, these
conversion rates are easily manipulable if one would like to test out different weights.

Campaign Finance Data
This section (and the section in the Causal model with the same name) includes the
campaign finance data retrieved for the four ballot initiatives included in this report.

This report uses fundraising numbers instead of expenditures for estimating the total cost
of each initiative. For some of the ballot initiatives, expenditure data was unavailable.

11 For more discussion on the ordinality vs. cardinality of pain intensity, see McAuliffe &
Shriver, 2022.
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Additionally, the total cost of each initiative includes just the amount of money spent by
the initiatives’ proponents.

Because four initiatives were passed over a period of twelve years, the costs are converted to
August 2022 dollars to accurately compare the initiatives’ costs. The consumer price indices
(CPIs) used to make these conversions were calculated using the Bureau of Labor Statistics’
CPI Inflation Calculator, inputting an initial value of one dollar and assuming all funds
were initially raised in November of the year each respective initiative was passed. Finally,
the total costs were also adjusted for the “staff costs multiplier” that slightly increases the
total costs to adjust for the possibility that in-kind donations, such as organizing staff time,
were not included in reported campaign finance disclosures.

The formula for the estimated total cost of passage for each initiative is shown in the
formula below, where YOP represents the year of passage for the initiative:
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠) =  (𝐶𝑃𝐼)ｘ(𝑆𝑡𝑎𝑓𝑓 𝐶𝑜𝑠𝑡 𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟)ｘ("𝑌𝑒𝑠" 𝐹𝑢𝑛𝑑𝑟𝑎𝑖𝑠𝑖𝑛𝑔 𝐶𝑜𝑠𝑡 (𝑌𝑂𝑃 𝑑𝑜𝑙𝑙𝑎𝑟𝑠))

The campaign finance data, CPIs, and estimated total costs of each ballot initiative are
included in Table 1 below.

Table 1: Estimated total costs for all four ballot initiatives

Variable Arizona 204
(2006)

California 2
(2008)

Massachusetts
3 (2016)

California 12
(2018)

“Yes”
Fundraising
Cost (YOP
dollars)

$1,690,455
(OpenSecrets,
2022)

$10,351,726
(OpenSecrets,
2022)

$3,485,383
(OpenSecrets,
2022)

$18,309,184
(OpenSecrets,
2022)

CPI 1.47 (BLS) 1.39 (BLS) 1.23 (BLS) 1.18 (BLS)

Staff Cost
Multiplier

1.1 ± 0.1 1.1 ± 0.1 1.1 ± 0.1 1.1 ± 0.1

Total Cost
(2022 dollars)

$2,700,000 ±
$250,000

$15,900,000 ±
$1,400,000

$4,70,000 ±
$400,000

$23,800,000 ±
$2,200,000

Total Costs

In addition to finding the total cost of each ballot initiative, I found the total cost of all four
initiatives, as well as all the initiatives that impacted egg-laying hens (California
Propositions 2 and 12, plus Massachusetts Question 3). I use these two total cost estimates in
the final analysis to get the overall cost-effectiveness and the cost-effectiveness of initiatives
that impact chickens (to compare to corporate campaigns).
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The total cost of all four initiatives was $46.7 million in 2022 dollars (5th-percentile: $43.2
million to 95th percentile: $51.0 million). The total cost of the initiatives that affect hens
(which excludes only Arizona 204) was $44.4 million ($40.7 million to $48 million) in 2022
dollars.

Population Data

In my cost-effectiveness analyses for California and Massachusetts, I used population ratios
to estimate the amount of veal, pork, and eggs consumed in a given state when state-level
data was not readily available but national data was. Therefore, I included a section with
population levels in 2018 and 2020 for California, Massachusetts, and the United States,
which were found using DataCommons and are listed in Table 2 below.

Table 2: California, Massachusetts, and U.S. populations, 2018 and 2020

State/Country 2018 population (millions) 2020 population

California 39.44 39.37

Massachusetts 6.89 6.89

United States 326.8 329.5

Egg-Laying Hens Inputs and Calculations

This section describes the data and assumptions used to estimate the animal suffering
associated with housing egg-laying hens. I also included general parameters for aiding
calculations in subsequent sections.

In these estimates, I assume that nearly 100% of hens in cages in the United States outside
of California are in conventional cages. Saulius Šimčikas provided me with producer
predictions about the percentage of hens that would be in conventional cages, enriched
cages, and cage-free by 2025. In surveys from 2019 (O’Keefe, 2019) and 2021 (O’Keefe,
2022), about 1% and 0.6% of hens, respectively, were predicted to be in enriched cages in
2025. I assume that this estimate is representative of the proportion of hens that were in
enriched cages in the United States between 2015 and 2025. If so, my results are negligibly
impacted by the assumption that all caged hens are from conventional cages.
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Hen Laying Period - Inputs

To do the cost-effectiveness analysis, I needed to estimate the laying period of hens in
conventional cages, enriched cages, and cage-free housing. One reason is that the Welfare
Footprint Project measures pain experienced over individuals’ entire lives, rather than per
unit time. As such, the lifetime amounts of pain experienced by hens needed to be
normalized by the laying period to get annual pain numbers. Secondly, the productivity of
hens in each type of housing, measured in terms of eggs per year, is an important
determinant of how much suffering is reduced by changes in welfare standards for
individual hens. Hereafter, I assume that hens in enriched cages and hens in conventional
cages have the same productivity and laying periods.

After a few hours of research, I came to find that there are not many great published
estimates of the typical laying period of cage-free and caged hens. However, one back-route
to estimating the laying period for both kinds of hens is considering the lifespan of hens
who are molted at various times.

Molting is a natural process by which hens lose their feathers periodically. However,
molting is often forced/”induced” in hens in the United States to increase their egg
production as their productivity starts to decline later in life. If hens are not molted, then
they are usually replaced by younger hens (Bell 2003, pp. 965-966). Thus, the laying period
of hens is integrally connected to whether or not they’re molted. Here, I used the data on
the frequency of molting in cage-free and caged hens as well as the lifespans associated
with hens who undergo molting a different number of times to arrive at an estimate of the
laying period of cage-free and caged hens.

● Lay period [no molting, one molting, two moltings] (yrs) – The average number of years
that an egg-laying hen produces eggs if it does not undergo molting, if it
undergoes molting once, or if it is molted twice. A 2013 report from the USDA
claims that “Typically, the productive life of laying hens ends at 78-80 weeks in a
one-cycle system, at 102-106 weeks in a two-cycle system, and at 140 -150 weeks in a
three-cycle system” (USDA 2013, pg. 103). Moreover, the same USDA report states
that hens begin to lay eggs at 18-19 weeks old on average (USDA 2013, pg. 103).
However, another source from the University of Wisconsin-Madison states that
egg-laying hens typically start laying eggs at 18 to 22 weeks of age (Stuttgen).
Because of this discrepancy, I decided to make the confidence interval on the age at
which the hens start laying to be between 18 and 22 weeks, lognormally distributed
and with 90% confidence. For the lifespans, I used lognormally distributed 70%
confidence intervals with lower and upper bounds equal to those stated in the USDA
report (i.e., 78-80 weeks for no molting, etc.) I used slightly wider confidence
intervals for the lifespan estimates because the margins of error given by the USDA
were rather narrow, and I don’t have enough confidence that those are accurate
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today. To get the laying lifespan, I subtracted the age at which the hens begin laying
eggs from the typical age at which they die, and divided by 52 weeks to get the result
in terms of years. The table below shows the 90% intervals for the laying periods of
hens who are not molted, molted once, or molted twice.

Method Average laying period (years)

No Molting 1.13 (1.07 to 1.18)

Molted once 1.64 (1.5 to 1.77)

Molted twice 2.4 (2.27 to 2.54)

● Prop CC molted – The proportion of conventionally caged hens who are molted at
least once, assumed to be normally distributed between 0.60 and 0.95 with 90%
confidence and a cut-off at 1 (all hens are molted). This parameter was chosen using
two sources which describe the proportion of hens who are molted in the United
States. The first is a 2013 USDA report that states that at least 80% of hens in the
United States are molted at least once (USDA 2013, pg. 103). This statistic does not
differentiate between conventional and cage-free hens, but in 2013 the proportion of
hens who were cage-free was so small (under 15%) that the 80% figure seems to be
roughly applicable to conventionally raised hens. The second is a 2021 report which
states that 60-80% of conventionally caged hens are molted in the United States
(Schuck-Paim et. al. 2021, pg. 8). Because the former source is on the upper range of
that of the latter, I chose a very wide confidence interval to reflect the discrepancy
between the two sources.

● Prop CF molted – The proportion of cage-free hens who are molted at least once,
assumed to be lognormally distributed between 0.001 to 0.15 with 90% confidence.
This is based on Schuck-Paim, et. al. which states that less than 15% of cage-free hens
in the United States are molted (Schuck-Paim et. al. 2021, pg. 8).

● Prop molted twice if molted – Conditional on undergoing molting, the proportion of
hens who are molted twice, assumed to be lognormally distributed between 0.1
and 0.5 with 90% confidence. I found a University of California Riverside survey
from 2003 which stated that 62.1% of producers had molted their most recent flocks
once and 12.1% had molted them twice (Bell 2003, pg 1). Assuming that the
frequency of molting once or twice is equal across farms of all sizes, then about 20%
of the hens who are molted are molted twice according to this survey. I couldn’t find
any more recent studies to corroborate this 2003 survey, so I assumed a wide 90%
confidence interval for the proportion of hens who are molted twice, given that
they’re molted once.
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● Eggs/hen [not molted, molted once, molted twice] – The number of eggs laid per hen if it
is not molted, molted once, or molted twice. These are approximates gathered
from a few sources. First, Norwood and Lusk (2011) state that the average
conventionally caged hen lays 509 eggs in its 2.2 year lifespan, whereas the typical
cage-free hen lays 314 eggs in its 1.54 year lifespan (Norwood and Lusk 2011, pg 254).
Based on the lifespans, Norwood and Lusk appear to be assuming that all
conventionally caged hens are molted and cage-free hens are not. Using these
numbers, I estimate that hens who are never molted produce between 290 and 350
eggs in their lifetimes (90% confidence, lognormally distributed with a mean of 319
eggs). I also assume that hens who are molted once produce between 470 and 540
eggs in their lifetimes (90% confidence, lognormally distributed with a mean of 504
eggs). For hens who are molted twice, I just guessed that the eggs per hen is
lognormally distributed between 500 and 600 with 90% confidence and a mean of
549 eggs.

Method Eggs per hen (lifetime)

No Molting 319 (290 to 350)

Molted once 504 (470 to 540)

Molted twice 549 (500 to 600)

Hen Laying Period – Calculations

● CC Eggs/hen – The average number of eggs produced in the lifespan of a
conventionally caged hen. I estimated that a conventionally caged hen lays 467
eggs on average, with a 90% interval between 426 and 507 eggs using the following
equation:
𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛 = (1 − 𝑃𝑟𝑜𝑝 𝐶𝐶 𝑚𝑜𝑙𝑡𝑒𝑑) × (𝐸𝑔𝑔𝑠/ℎ𝑒𝑛 𝑛𝑜𝑡 𝑚𝑜𝑙𝑡𝑒𝑑) +

(𝑃𝑟𝑜𝑝 𝐶𝐶 𝑚𝑜𝑙𝑡𝑒𝑑) × [(1 − 𝑃𝑟𝑜𝑝 𝑚𝑜𝑙𝑡𝑒𝑑 𝑡𝑤𝑖𝑐𝑒 𝑖𝑓 𝑚𝑜𝑙𝑡𝑒𝑑) × (𝐸𝑔𝑔𝑠/ℎ𝑒𝑛 𝑚𝑜𝑙𝑡𝑒𝑑 𝑜𝑛𝑐𝑒) +
(𝑃𝑟𝑜𝑝 𝑚𝑜𝑙𝑡𝑒𝑑 𝑡𝑤𝑖𝑐𝑒 𝑖𝑓 𝑚𝑜𝑙𝑡𝑒𝑑) × (𝐸𝑔𝑔𝑠/ℎ𝑒𝑛 𝑚𝑜𝑙𝑡𝑒𝑑 𝑡𝑤𝑖𝑐𝑒)]

● CF Eggs/hen – The average number of eggs produced in the lifespan of a cage-free
hen. I estimated that the eggs per cage-free hen in its laying period is 325 with a
90% interval between 295 and 365 eggs using a weighted sum of the number of eggs
per hen if she is not molted, molted once, and molted twice times the number of
eggs each type of hen produces.
𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛 = (1 − 𝑃𝑟𝑜𝑝 𝐶𝐹 𝑚𝑜𝑙𝑡𝑒𝑑) × (𝐸𝑔𝑔𝑠/ℎ𝑒𝑛 𝑛𝑜𝑡 𝑚𝑜𝑙𝑡𝑒𝑑) +

(𝑃𝑟𝑜𝑝 𝐶𝐹 𝑚𝑜𝑙𝑡𝑒𝑑) × [(1 − 𝑃𝑟𝑜𝑝 𝑚𝑜𝑙𝑡𝑒𝑑 𝑡𝑤𝑖𝑐𝑒 𝑖𝑓 𝑚𝑜𝑙𝑡𝑒𝑑) × (𝐸𝑔𝑔𝑠/ℎ𝑒𝑛 𝑚𝑜𝑙𝑡𝑒𝑑 𝑜𝑛𝑐𝑒) +
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(𝑃𝑟𝑜𝑝 𝑚𝑜𝑙𝑡𝑒𝑑 𝑡𝑤𝑖𝑐𝑒 𝑖𝑓 𝑚𝑜𝑙𝑡𝑒𝑑) × (𝐸𝑔𝑔𝑠/ℎ𝑒𝑛 𝑚𝑜𝑙𝑡𝑒𝑑 𝑡𝑤𝑖𝑐𝑒)]

● CC Length of laying – The average length of time in which a conventionally caged
hen lays eggs, estimated to be 1.63 years (1.48 to 1.85 years) using a weighted average
of the laying periods of hens who are never molted, molted once, or molted twice
and the assumed proportions of caged hens who fit into each category. The equation
used is shown below:
𝐶𝐶 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑙𝑎𝑦𝑖𝑛𝑔 = (1 − 𝑃𝑟𝑜𝑝 𝐶𝐶 𝑚𝑜𝑙𝑡𝑒𝑑) × (𝐿𝑎𝑦 𝑝𝑒𝑟𝑖𝑜𝑑 𝑛𝑜 𝑚𝑜𝑙𝑡𝑖𝑛𝑔) +

(𝑃𝑟𝑜𝑝 𝐶𝐶 𝑚𝑜𝑙𝑡𝑒𝑑) × [(1 − 𝑃𝑟𝑜𝑝 𝑚𝑜𝑙𝑡𝑒𝑑 𝑡𝑤𝑖𝑐𝑒 𝑖𝑓 𝑚𝑜𝑙𝑡𝑒𝑑) × (𝐿𝑎𝑦 𝑝𝑒𝑟𝑖𝑜𝑑 𝑜𝑛𝑒 𝑚𝑜𝑙𝑡𝑖𝑛𝑔) +
(𝑃𝑟𝑜𝑝 𝑚𝑜𝑙𝑡𝑒𝑑 𝑡𝑤𝑖𝑐𝑒 𝑖𝑓 𝑚𝑜𝑙𝑡𝑒𝑑) × (𝐿𝑎𝑦 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡𝑤𝑜 𝑚𝑜𝑙𝑡𝑖𝑛𝑔𝑠)]

● CF Length of laying – The average length of time in which a cage-free hen lays eggs,
estimated to be 1.18 years with a 90-percentile range between 1.09 and 1.31 years
using the following equation:
𝐶𝐹 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑙𝑎𝑦𝑖𝑛𝑔 = (1 − 𝑃𝑟𝑜𝑝 𝐶𝐹 𝑚𝑜𝑙𝑡𝑒𝑑) × (𝐿𝑎𝑦 𝑝𝑒𝑟𝑖𝑜𝑑 𝑛𝑜 𝑚𝑜𝑙𝑡𝑖𝑛𝑔) +

(𝑃𝑟𝑜𝑝 𝐶𝐹 𝑚𝑜𝑙𝑡𝑒𝑑) × [(1 − 𝑃𝑟𝑜𝑝 𝑚𝑜𝑙𝑡𝑒𝑑 𝑡𝑤𝑖𝑐𝑒 𝑖𝑓 𝑚𝑜𝑙𝑡𝑒𝑑) × (𝐿𝑎𝑦 𝑝𝑒𝑟𝑖𝑜𝑑 𝑜𝑛𝑒 𝑚𝑜𝑙𝑡𝑖𝑛𝑔) +
(𝑃𝑟𝑜𝑝 𝑚𝑜𝑙𝑡𝑒𝑑 𝑡𝑤𝑖𝑐𝑒 𝑖𝑓 𝑚𝑜𝑙𝑡𝑒𝑑) × (𝐿𝑎𝑦 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡𝑤𝑜 𝑚𝑜𝑙𝑡𝑖𝑛𝑔𝑠)]

● CC Eggs/hen/year – The number of eggs laid by the average conventionally caged
hen per year, estimated to be 289 eggs with a 90-percentile range between 263 and
314 eggs per year using the equation:

𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑒𝑎𝑟 =  𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛
𝐶𝐶 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑙𝑎𝑦𝑖𝑛𝑔

● CF Eggs/hen/year – The number of eggs laid by the average cage-free hen per year,
estimated to be 277 eggs with a 90-percentile range between 249 and 306 using the
equation:

𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑒𝑎𝑟 =  𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛
𝐶𝐹 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑙𝑎𝑦𝑖𝑛𝑔

● Ratio CF/CC hens – The number of cage-free hens needed to produce the same
number of eggs as the typical conventionally caged hen in a given period of time,
estimated to be 1.05 cage-free hens per caged hen (90% interval between 0.93 and
1.19) using the equation:

𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠 =  𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟
𝐶𝐹 𝑒𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟

Other Hens Inputs

● Egg consumption US (eggs/yr/person) – The number of eggs the typical US resident
eats per year. This is assumed to be normally distributed between 270 and 310
eggs per year per person with 90% confidence and is based on annual data on egg
consumption from the United Egg Producers between 2010 and 2022 (United Egg
Producers).
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● Prop. CC to CF - When eggs switch from being produced in conventional cages, the
proportion of eggs that, on average, are now produced in cage-free aviaries even if
they can be produced in enriched cages. I assume this to have a lognormal
distribution with a 90% confidence interval between 0.02 and 0.20. This is a guess
without evidence. However, I assume that a small minority of conventional egg
producers will transition all the way to cage-free housing when enriched cages are
still an option. Nevertheless, this assumption needs more evidence to support it.

Cage-Free Proportion Over Time

One concern I had in creating an accurate cost-effectiveness analysis was that the
proportion of cage-free hens in the United States would likely increase over time,
regardless of the ballot initiatives. Counterfactual data are not available for the world in
which California Propositions 2 and 12 and Massachusetts Question 3 were not passed.
Using real data on the proportion of cage-free eggs likely leads to a more conservative
estimate of the effect of the ballot initiatives. This is because initiatives like California
Propositions 2 and 12, and Massachusetts Question 3, are increasing the observed
proportion of hens who are cage-free, and so in the counterfactual world in which these
initiatives were not passed, the cage-free proportion would likely be lower than what we’re
accounting for.

In this section, I included USDA data on the proportion of hens that were cage-free from
December 2015 through September 2022 (USDA, 2022 p. 4).12 Because organic eggs are
required to be cage-free, I am including those in the cage-free category and assuming the
welfare of hens is equal for both organic- and non-organic cage-free hens (USDA, p. 3). I
would assume organic hens might have higher welfare than non-organic cage-free hens
because of the requirement that hens be allowed to access the outdoors (USDA, pp. 3), so
this assumption might be making the overall welfare impact estimates conservative.

The estimated proportions of hens who are cage-free each year from 2015 through 2022
are in Table 3 below.

12 See the table labeled “U.S. Table Egg Layer Flock Estimates” on page 4 of this document.
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Table 3: Cage-Free Hens, 2015-2022

Year Proportion Hens Cage-Free
(USDA, 2022 p.4)

2015 0.127

2016 0.134

2017 0.160

2018 0.178

2019 0.234

2020 0.281

2021 0.339

2022 (through September) 0.344

Next, I estimated the average annual increase in the proportion of hens who are cage-free
by subtracting the 2015 cage-free hen proportion from the 2022 cage-free hen proportion
and dividing by eight (the number of years elapsed). I estimate both the average annual
increase and the standard error of the mean increase in this spreadsheet. I estimate that the
annual proportion of hens who are cage-free increases by 0.0310 per year with a
90-percentile range from 0 to 0.0748. This is a rough estimate for the time-series trend, as
this method assumes a linear trend in the proportion of hens who are cage-free and gives
equal weight to each year. One may desire a non-linear trend model or greater weights for
more recent years.

The formula used for the average annual increase in the cage-free hen proportion is as
follows:

𝐴𝑣𝑔.  𝑎𝑛𝑛𝑢𝑎𝑙 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝐶𝐹 𝑝𝑟𝑜𝑝. = 1
𝑌

𝑛
−𝑌

0 𝑖=0

𝑛−1

∑ (𝑌
𝑖+1

𝐶𝐹 𝑝𝑟𝑜𝑝. − 𝑌
𝑖
 𝐶𝐹 𝑝𝑟𝑜𝑝.) = (2022 𝐶𝐹 𝑝𝑟𝑜𝑝.−2015 𝐶𝐹 𝑝𝑟𝑜𝑝.)

2022−2015

where 𝑌
𝑖

∈ {2015,..., 2022}

Similarly, the formula for the standard error of the annual increase is:

𝑆𝑡𝑑.  𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎𝑛𝑛𝑢𝑎𝑙 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 = 1
𝑌

𝑛
−𝑌

0
−1

𝑖=0

𝑛−1

∑ (𝑌
𝑖+1

𝐶𝐹 𝑝𝑟𝑜𝑝. − 𝑌
𝑖
 𝐶𝐹 𝑝𝑟𝑜𝑝.)2

The t-statistic for a 90% confidence interval with 6 degrees of freedom is 1.943, so the lower
and upper bounds of the annual increase in the cage-free proportion are calculated as such:
(𝐿𝐵,  𝑈𝐵) =  (𝐴𝑣𝑔.  𝑎𝑛𝑛𝑢𝑎𝑙 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 −  1. 943 * 𝑆𝑡𝑑.  𝐷𝑒𝑣,  𝐴𝑣𝑔.  𝑎𝑛𝑛𝑢𝑎𝑙 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 + 1. 943 * 𝑆𝑡𝑑. 𝐸𝑟𝑟𝑜𝑟)
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Finally, I used this average rate of increase to estimate the proportion of cage-free hens in
the US from the end of 2023 through the end of 2025, which is the assumed end of the
period of impact for Massachusetts Question 3. For the extrapolations, I added the
estimated annual increase to the prior year’s cage-free proportion, which creates more
uncertainty for years further in the future. The resulting extrapolated proportions of
cage-free hens for 2023 through 2025 are in Table 4 below. One of my assumptions is that a
linear model is also appropriate for future trends, which may be inaccurate.13

Table 4: Estimated cage-free hen proportion, 2023-2025

Year 2023 2024 2025

Predicted
Proportion of
Hens Cage-Free
(EOY)

0.379 (0.344 to 0.417) 0.415 (0.344 to 0.489) 0.450 (0.344 to 0.562)

Lifespan Pain Estimates

The variables in this section are 95% confidence intervals for the number of hours each
egg-laying hen spends in each type of pain (annoying, hurtful, disabling, and excruciating),
depending on which housing arrangement it lives in (conventional (CC), enriched (EC), and
cage-free (CF)). These confidence intervals were found in the “Total Time in Pain” tab in the
“Interactive Charts with Main Findings” section of the Welfare Footprint Project’s “The
Welfare of Laying Hens” page, and are available on page 7 of the “Impact of the Transition
from Caged to Cage-free Housing on the Welfare of Laying Hens” chapter of the Welfare
Footprint Project’s book on the subject (Schuck-Paim & Alonso, 2021). The estimates are
summarized in Table 5 below.

13 Because there’s historically been an annual increase in the cage-free proportion over time
doesn’t necessarily mean that it would continue into the future at a similar (linear) rate.
This potential failure of a linear extrapolation would be quite relevant if the expected years
of counterfactual credit are high. Additionally, the annual increase in the cage-free
proportion means that we cannot always multiply the annual years of hen suffering averted
by the speed-up time.
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Table 5: Pain estimates for a typical egg-laying hen, by housing and pain type (Welfare Footprint
Project)

Pain Type Cage Type Lower Bound
(hrs/bird)

Mean
(hrs/bird)

Upper Bound
(hrs/bird)

Excruciating Conventional 0.03 0.05 0.07

Enriched 0.018 0.038 0.058

Cage-Free 0.02 0.04 0.06

Disabling Conventional 354.1 431.41 508.8

Enriched 98.8 154.64 210.5

Cage-Free 100.2 156.04 211.9

Hurtful Conventional 3265 4054.47 4844

Enriched 2444 3151.39 3859

Cage-Free 991 1741.92 2492

Annoying Conventional 5615 6721.17 7827

Enriched 5090 6141.89 7194

Cage-Free 1197 2076.79 2956

Annual Pain Estimates

These three sections in my model contain my calculations for the number of years each
egg-laying hen spends in each type of pain every year, grouped by housing arrangement
(Table 6). Once the number of birds affected by a ballot initiative has been estimated, these
numbers help convert the number of birds to years of suffering averted. The three
subgroups are annual conventional cage pain, annual enriched cage pain, and annual
cage-free pain.

The formula for calculating these annual pain amounts involves dividing the total hours
spent in pain by the average hen in its laying period by the number of years it lays eggs,
then converting from hours to years. I assume that hens in enriched cages have the same
laying period and productivity as conventionally caged hens.
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For example, the estimated number of years a conventionally caged bird spends in
excruciating pain per year is calculated using the following equation:

𝐶𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠/𝑏𝑖𝑟𝑑/𝑦𝑟) = ( 𝐶𝐶: 𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (ℎ𝑟𝑠/𝑏𝑖𝑟𝑑)
𝐶𝐶 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑙𝑎𝑦𝑖𝑛𝑔 ) × ( 1 𝑦𝑒𝑎𝑟

365 𝑑𝑎𝑦𝑠 ) × ( 1 𝑑𝑎𝑦
24 ℎ𝑜𝑢𝑟𝑠 )

The distribution range is the middle 90% of scenarios.

Table 6: Estimated annual pain endured by housing and pain type

Housing Type Pain Type 5th-percentile
(yrs/bird/yr)

50th-percentile
(yrs/bird/yr)

95th-percentile
(yrs/bird/yr)

Conventional Excruciating 0.000004 0.000004 0.000004

Disabling 0.025 0.031 0.036

Hurtful 0.23 0.29 0.35

Annoying 0.39 0.48 0.56

Enriched Excruciating 0.000003 0.000003 0.000003

Disabling 0.008 0.011 0.015

Hurtful 0.18 0.22 0.28

Annoying 0.37 0.44 0.52

Cage-Free Excruciating 0.000004 0.000004 0.000004

Disabling 0.010 0.015 0.020

Hurtful 0.10 0.17 0.23

Annoying 0.13 0.21 0.30

Breeding Sows
This section contains the general inputs and calculations that were used to estimate the
welfare impacts on breeding sows across the four ballot initiatives. These include the
following variables:

● US sows total 2020 – The number of sows in the United States in 2020 used for
breeding piglets, estimated to be uniformly distributed between 6.275 million and
6.285 million with an average estimate of 6.28 million sows. This statistic was based
on USDA data on the national hog and pig inventory. The statistic given by USDA
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was 6.28 million sows, and I added a margin of error of 0.005 million to account for
rounding (USDA, 2020).

● US pork production 2020 (lbs/yr) – The annual number of pounds of pork produced
in the United States, estimated to be uniformly distributed between 28.25 and
28.35 billion pounds based on data from the USDA on total pork production. The
statistic from the USDA was 28.318 billion pounds, and I rounded to the nearest 100
million and added a margin of error of 0.05 billion to account for possible errors
(USDA, 2022).

● US pork exports 2020 (lbs/yr) – The annual number of pounds of pork exported
from the United States, estimated to be uniformly distributed between 7.275 and
7.285 billion pounds in 2020 according to data from USDA. The statistic from the
USDA was 7.279 billion pounds, so I rounded to the nearest 10 million and added a
margin of error of 0.005 billion to account for possible data discrepancies (USDA,
2023).

● US pork imports 2000 (lbs/yr) – The annual number of pounds of pork imported into
the United States, estimated to be uniformly distributed between 903.5 and 904.5
million pounds in 2020 according to data from the USDA. The statistic from the
USDA was 904.2 million pounds, so I rounded to the nearest million and added a
margin of error of 0.5 million to account for possible data discrepancies (USDA,
2023).

● US pork consumption (lbs/yr) – The amount of pork consumed domestically in the
United States per year, estimated to be 21.92 (21.88 to 21.97) billion pounds in
2020. This was calculated to be production plus net imports:
𝑈𝑆 𝑝𝑜𝑟𝑘 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 =  𝑈𝑆 𝑝𝑜𝑟𝑘 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 + (𝑈𝑆 𝑝𝑜𝑟𝑘 𝑖𝑚𝑝𝑜𝑟𝑡𝑠 − 𝑈𝑆 𝑝𝑜𝑟𝑘 𝑒𝑥𝑝𝑜𝑟𝑡𝑠)

● Lifespan sow – The lifespan (in years) of the typical breeding sow in industrial
operations. I estimate that the lifespan of the typical breeding sow is normally
distributed between 2.5 and 3.2 years with 80% confidence. Evidence for the typical
lifespan of a breeding sow in the United States was difficult to find. One review
includes evidence that shows sows in Japan and the European Union live between
992 and 1088 days (2.7 to 3.0 years) (Koketsu & Iida, 2020, pg. 4). I am uncertain if
this lifespan applies to sows raised in the United States, so I broadened the estimates
for sow lifespan in Japan and the European Union to range from 2.5 to 3.2 years.
However, to calculate how many hours per year a typical pig spent in pain, all I
needed to know was whether its lifespan exceeded one year. Therefore, unless
further evidence shows that the lifespan is under one year, the results of the model
will not change if the longevity of sows in the United States is slightly off from the
estimates here.
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● Prop. sows in gestation crates – The average percentage of breeding sows that were
housed in traditional, 2ft.-by-7ft. gestation crates. I assumed this was normally
distributed between 0.65 and 0.85 with 95% confidence, with an average estimate
of 0.75. I used three data sources to create this confidence interval. The first was a
University of California, Davis Center for Animal Welfare document that wrote,
“According to the 2012 USDA NAHMS Swine Survey, 76.8% of large-herd sows are
housed in total confinement gestation crates in the U.S” (Center for Animal Welfare).
The second was a 2012 article in Better Farming, which reported results from a
survey conducted by University of Missouri economist Ron Plain that suggest that
the proportion of sows in crates was 82.3% (Better Farming, 2012). The last was a
Forbes article from 2022 that estimates that 30% of sows are crate-free today
(Schweizer, 2022), which suggests that the percentage of sows in gestation crates is
around 70% and that this figure has remained roughly stable since 2012.

● Prop. sow life suffering – The proportion of a breeding sow’s time spent in
suffering-equivalent pain, estimated to be 0.039 with a 5th-to-95th-percentile
range between 0.034 and 0.045. I did not have any evidence to support this input,
but I estimated it by assuming that sows’ conditions in traditional gestation crates
are half as bad as those for hens in battery cages. Then, I summed the amount of
time hens in battery cages spent in each type of pain, weighted by the severity of the
type of pain, with disabling pain getting a weight of 1, divided by the hen laying
period of conventionally caged hens, and multiplied this result by 0.5 to get an
estimate of the proportion of a sow’s life spent in disabling-equivalent pain.
𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤 𝑙𝑖𝑓𝑒 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 =  0. 5 * [(𝐶𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔) * (𝑊𝑒𝑖𝑔ℎ𝑡:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔) +  

(𝐶𝐶:  𝐷𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔) * (𝑊𝑒𝑖𝑔ℎ𝑡:  𝐷𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔) + (𝐶𝐶:  𝐻𝑢𝑟𝑡𝑓𝑢𝑙) * (𝑊𝑒𝑖𝑔ℎ𝑡:  𝐻𝑢𝑟𝑡𝑓𝑢𝑙) +

(𝐶𝐶:  𝐴𝑛𝑛𝑜𝑦𝑖𝑛𝑔) * (𝑊𝑒𝑖𝑔ℎ𝑡:  𝐴𝑛𝑛𝑜𝑦𝑖𝑛𝑔)]/(𝐶𝐶 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑙𝑎𝑦𝑖𝑛𝑔)

● Prop. sow suffering avoided more room– The proportion of sows’ suffering that is
alleviated when traditional, 2 ft. by 7 ft. gestation stalls are banned and replaced by
housing (that may include crates) that permits laying down, stretching, and
turning around (as required by Arizona Proposition 204, California Proposition 2,
and Massachusetts Question 3). I assume this variable is lognormally distributed
between 0.1 and 0.3 with 90% confidence. This estimate is a guess and I would
appreciate further research on the effects of having more room on the welfare of
breeding sows. I estimated that the reduction in suffering would be non-trivial but
likely not more than a third because the better space requirements, while allowing
for more mobility, do not address other needs of pigs, such as having comfortable
resting places or exploration opportunities.

● Prop. pork exempt MA3 CA12 – The proportion of pork that is exempt from the
Massachusetts Question 3 and California Proposition 12 animal welfare
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requirements, which is estimated to be normally distributed between 0.15 and
0.40 with 95% confidence. The data I used to form this estimate came from surveys
on Americans’ food consumption as well as an estimate from an agricultural
economist at the University of California, Davis, and my methods are described in
the corresponding section of the Appendix.

Veal Calves
This section contains two sub-sections, “Numbers inputs” and “Numbers Calculations,”
which together are used to estimate 1) the average weight of veal meat per calf, for purposes
of converting the pounds of veal consumed to the number of animals affected, 2) the
proportion of veal calves confined in (what would become) non-compliant housing from
2013 through 2018 and, in later sections, 3) the welfare improvements for veal calves
resulting from each initiative. I explain each of the variables used and the subsequent
calculations after introducing some background information about the most common
types of veal and veal calf housing arrangements.

Background – Types of Veal

Because I was only able to find data on the amount of veal consumed in the US annually
(and not the number of veal calves slaughtered), I had to use weight statistics to estimate the
average amount of veal harvested per calf. According to the United States Department of
Agriculture, there are two general types of veal consumed in the US: “bob” veal and
“special-fed” veal. Bob veal calves are slaughtered when they reach an age of approximately
3 weeks and a weight of 150 pounds. Special-fed veal calves are slaughtered at the age of
16-18 weeks and a weight of about 450 pounds (USDA, 2013). The Humane Society of the
United States (HSUS) estimates that 15% of calves are raised for bob veal and 85% of calves
are raised for special-fed veal (HSUS, 2012). To estimate the number of calves affected, I
needed to know the weight of meat yielded from a carcass at slaughter. One study I found
said that bob calves yielded 38% boneless meat, whereas heavier calves yielded about 48%
boneless meat (Brekke & Wellington, 1969). As described below, these statistics allowed me
to estimate the average weight of a representative veal calf, which was subsequently used to
convert between the weight of veal consumed and the approximate number of animals
affected for each ballot initiative.

Background – Veal Calf Housing Arrangements

Standards for Arizona Proposition 204, California Proposition 2, andMassachusetts
Question 3

The type of veal calf housing arrangement with conditions most similar to those outlawed
by Arizona Proposition 204 (2006), California Proposition 2 (2008), and Massachusetts
Question 3 (2016) is a veal stall (also known as an “individual stall” or a “veal crate”). These
stalls confine veal calves to “individual stalls typically measuring 66-76 cm (26-30 in) wide
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by 168 cm (66 in) long,” preventing calves from moving around (HSUS, 2012). Moreover,
many veal calves spend their lives tethered to a rope that forces them to stand up.

The language in each of the ballot propositions, as detailed below, typically bans the
confinement of veal calves in spaces in which they cannot turn around, stretch out, and lay
down.

● Arizona Proposition 204 makes it a “class 1 misdemeanor to tether or confine a pig
during pregnancy or a calf raised for veal on a farm for all or the majority of a day
in a manner that prevents the animal from lying down and fully extending its limbs
or turning around freely” (Ballotpedia).

● California Proposition 2 “[r]equires that calves raised for veal, egg-laying hens and
pregnant pigs be confined only in ways that allow these animals to lie down, stand
up, fully extend their limbs and turn around freely” (UC Hastings Scholarship
Repository, 2008).

● Massachusetts Question 3: “This proposed law would prohibit any farm owner or
operator from knowingly confining any breeding pig, calf raised for veal, or
egg-laying hen in a way that prevents the animal from lying down, standing up, fully
extending its limbs, or turning around freely. The proposed law would also prohibit
any business owner or operator in Massachusetts from selling whole eggs intended
for human consumption or any uncooked cut of veal or pork if the business owner
or operator knows or should know that the hen, breeding pig, or veal calf that
produced these products was confined in a manner prohibited by the proposed law”
(Ballotpedia).

The most common alternative to individual stalls is group housing, wherein calves “[have]
the opportunity for locomotion and social behaviour and [are] allowed to adopt more
comfortable resting postures” (Andrighetto et. al, 1997). However, veal calves are still kept in
individual areas until they’re six weeks of age (Hanson, 2020). Because the initiatives did
not mandate group housing, I assumed that even if calves are kept in individual stalls their
entire lives or until they’re able to live in group pens, the individual stalls do not employ
tethering and are large enough to meet the welfare requirements of being able to turn
around, stretch out, and lie down. Thus, I am assuming that bob veal calves–whose
lifespans are too short for them to transition into group pens–are still affected by the
initiatives.

According to the Humane Society of the United States, “the American Veal Association’s
board of directors unanimously approved a policy that the veal industry fully transition to
group housing production by the end of 2017” and that an American Veal Association (AVA)
survey from 2012 “found that 70 percent of veal calves raised by AVA members would be
group housed by the end of the year” (HSUS, 2012). If group housing does allow veal calves
to move about, then the AVA’s members would be meeting the standards for Arizona
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Proposition 204, California Proposition 2, and Massachusetts Question 3 (in addition to
likely providing additional welfare benefits, such as socialization).

In general, I believe that one should be somewhat skeptical of studies that are
commissioned and released by industry groups. In this case, the AVA has a clear
public-relations incentive to report that a majority of calves raised by its members are
housed in better conditions. Moreover, the AVA may not represent all veal producers.
However, for the sake of creating a conservative estimate of the impact of ballot initiatives, I
assumed that, with uncertainty, 30% of veal calves were confined in ways that violated the
ballot initiatives (hereafter labeled “non-compliant housing” or “extremely confining
housing”) at the beginning of 2013 and, on average, the annual decrease in the percentage
of calves who were confined in such a manner was 6% per year.

Standards for California Proposition 12

At the start of 2020, when Proposition 12 was set to take effect, all veal calves in California
should have been free from housing that prevented their ability to turn around, stretch, lie
down, etc., because they were covered by Proposition 2’s requirements from 2008.
Moreover, if we make the conservative assumption that all veal calves were in housing that
allowed basic movement by the end of 2017, then none of California’s imported veal would
have come from calves who were in non-compliant stalls. Therefore, Proposition 12’s
impacts on veal calves must be measured differently than the impacts of the other
Propositions.

The text of California Proposition 12 differs from Proposition 2’s by clearly establishing
minimum space requirements for veal calves, rather than merely stating they must have
the ability to turn, stretch, and lie down. Specifically, the ballot initiative prohibits meat
sales wherein the animals were “confined in a cruel manner,” defined for veal calves as “(1)
[...] prevent[ing] the animal from lying down, standing up, fully extending the animal’s
limbs, or turning around freely; or (2) After December 31, 2019, confining a calf raised for
veal with less than 43 square feet of usable floor space per calf” (Ballotpedia). The welfare
implications of California Proposition 12’s minimum space requirements were thus
analyzed separately from those for the other three ballot initiatives, as discussed below.

Numbers Inputs

The following are the input variables used to calculate the average meat yield per veal calf,
the percentage of veal calves impacted by the initiatives per year from 2013-2017, and the
welfare gains from each proposition. One of my assumptions is that the quality of life is the
same for bob veal calves and special-fed veal calves and that the pain reduction from
banning extremely confining housing is identical for both types of veal, too. I also assume
that the proportion of veal that comes from bob veal calves and special-fed calves remains
constant over the period of impact for these four ballot initiatives.
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● US veal consumed/yr (lbs) – The consumption of veal in the United States annually,
estimated to be between 47 and 115 million pounds with a mean estimate of 74
million pounds. This estimate is based on two sources: First, a USDA statement that,
as of 2011, the per-capita consumption of veal was 0.3 lbs per year (USDA, 2023)
and, second, an article from Dairy Herd Management stating that per-capita
consumption was down to 0.2 lbs per year in 2018 (Hanson, 2020). Using these
estimates, I assumed that, with 90% confidence, the per capita consumption of veal
now is normally distributed between 0.15 and 0.35 lbs. Next, I multiplied this
interval by the population of the United States in 2018 to get the total estimate of the
amount of veal consumed in the United States annually.

● Bob veal prop. – The proportion of veal calves that are raised for bob veal. This is
estimated to be 0.15 with a 95% confidence interval of 0.10 to 0.20. The 0.15
midpoint estimate comes from HSUS data, but I added the plus/minus 0.05 because
I wanted to build some uncertainty into this estimate (HSUS, 2012). From a quick
Google search, I could not find any sources that disagreed; all listed 15% as the
percentage of veal that is bob veal.

● Yield bob veal - The proportion of a bob veal calf’s mass that is recovered as usable
veal meat. This proportion is estimated to be normally distributed between 0.34
and 0.42 with 80% confidence. This estimate is based on a 1969 study that sampled
slaughtered veal calves and found that the bob veal calves weighed, on average, 44.3
kg and produced an average of 16.8 kg of boneless meat each (Brekke et. al., 1969).
The yield was therefore approximately 0.38, calculated using the below equation.
𝑌𝑖𝑒𝑙𝑑 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 =  (𝑏𝑜𝑛𝑒𝑙𝑒𝑠𝑠 𝑚𝑒𝑎𝑡)/(𝑐𝑎𝑙𝑓 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑡 𝑠𝑙𝑎𝑢𝑔ℎ𝑡𝑒𝑟)
The study may be out of date, as it was published 53 years ago and veal calf yields
may have changed since. However, an estimated yield from a baby calf of about 38%
seems right, as it has had less time to gain muscle mass than, say, beef cattle, whose
yields are approximately 40% (South Dakota State University Extension, 2022).

● Wt. bob calf (lbs) – The typical weight, in pounds, of a bob veal calf when it is
slaughtered. This is estimated to be between 125 and 175 lbs. with 80% confidence.
The source used for this estimate was a USDA factsheet, which states that bob veal
calves are usually slaughtered when they reach about 150 lbs (UDSA, 2013). However,
the study previously cited found that bob veal calves weighed about 44.3 kg (97.5 lbs)
at slaughter, so I was uncertain about this estimate (Brekke et. al., 1969). Because the
study was older than the USDA factsheet, I chose to use 150 lbs. as the average
estimate. Nevertheless, I allowed the average weight to fluctuate by 25 lbs in either
direction to include uncertainty.
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● Bob veal lifespan (years) – The lifespan of a bob veal calf in years, estimated to be
0.046 years with a 95% confidence interval of 0.012 to 0.077 years. According to
Encyclopedia Britannica, bob veal calves have a lifespan of only 2 days to 1 month,
so I assumed that the lifespan is normally distributed with a 95% confidence interval
between 2 and 30 days (with a minimum of zero), and divided by 365 days to
convert to years (Britannica).

● Yield special veal – The proportion of a special-fed veal calf’s mass that is recovered
as usable veal meat. This proportion is estimated to be normally distributed
between 0.44 and 0.52 with 80% confidence. This confidence interval is based on
the previously cited 1969 study, which found that the heavier veal calves weighed
131.2 kg. at slaughter and yielded 62.7 kg. of boneless meat, on average (Brekke et. al.,
1969). This translates to a mean yield of approximately 0.48.
𝑌𝑖𝑒𝑙𝑑 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 =  (𝑏𝑜𝑛𝑒𝑙𝑒𝑠𝑠 𝑚𝑒𝑎𝑡)/(𝑐𝑎𝑙𝑓 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑡 𝑠𝑙𝑎𝑢𝑔ℎ𝑡𝑒𝑟)
Again, this study’s results may no longer be accurate because of possible changes in
industry practices. However, a yield that is in between that of bob veal calves and
that of beef cattle seems correct, as the calves are older and bulkier yet still young
enough to have a high proportion of their weight be bones and organs.

● Wt. special calf (lbs) – The average weight of a special-fed veal calf at slaughter,
estimated to be between 375 and 525 lbs. with 90% confidence. The average
estimate of 450 lbs. comes from the USDA factsheet on veal (USDA, 2013). I added in
75 lbs. of uncertainty on either side because 1) it scales up the 25 lbs. uncertainty
added for the bob veal calves (the special fed veal calves weigh 3x as much, per the
USDA), and 2) a different source lists the special-fed veal weight at 400 to 500 lbs
(Berry Veal Corporation, 2022).

● Special veal lifespan (years) – The typical lifespan of a special-fed veal calf in years,
assumed to be between 0.30 and 0.42 years with 90% confidence. According to
Britannica, special-fed veal calves are slaughtered at ages up to 20 weeks
(Britannica). The Humane Society of Veterinary Medical Association (HSVMA) lists
their lifespan as between 18 to 20 weeks (HSVMA). To encompass a slightly wider
interval, I assumed that the average special-fed veal calf’s lifespan is between 112 and
154 days (16 to 22 weeks) with 90% confidence, and then I divided by 365 days per
year to convert to years.

● Prop. veal calves confined EOY 2012 – The proportion of veal calves in the US that
were confined in conditions that violate the initiatives’ reforms by the end of 2012,
assumed to be between 0.25 and 0.35 with 70% confidence. As discussed in the
above subsection “Background: Veal Housing Arrangements,” an American Veal
Association poll found that 70% of veal calves raised by its members would be in
group housing by the end of 2012 (HSUS, 2012), and I am using this number to be
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conservative about the ballot initiatives’ impacts. However, because I am concerned
about survey bias, I place only 70% confidence that this interval of 25% to 35% of
calves being raised in extremely confining housing captures the true mean.

● Annual decrease confinement – The annual decrease in the proportion of veal calves
who are housed in individual stalls that violate the initiatives’ reforms, assumed to
be between 0.04 and 0.08 with 80% confidence. Based on the American Veal
Association’s pledge to be stall-free by the end of 2017 and their estimation that 30%
of calves were in stalls by the end of 2012, I used a linear trend to estimate the
annual decrease. Going from 30% to 0% over 5 years results in a 6 percentage-point
reduction per year in the percentage of veal calves who are in extremely confining
conditions banned by the initiatives. However, I am uncertain if the AVA members
honored this pledge by the end of 2017, or if they met it earlier. As of 2016 (the last
time the AVA website was updated), the organization claims that “this mission [to
implement group housing in 100% of farms] has been accomplished” (American Veal
Association, 2016). According to one farming website blog post, AVA members
produce 80% of all veal (Manning, 2019). However, the AVA states that their
members only produce special-fed veal (American Veal Association, 2019). These
two factors indicate that the AVA changing its welfare standards would impact the
vast majority of veal calves. Nevertheless, we still have to make an assumption that
producers of bob veal followed a similar trajectory in freeing their calves from
extreme confinement and tethering. Based on the desire to have conservative
estimates, I assume that the AVA is correct in its claims and that the AVA practices
reflect those of all veal producers, but I also allow for some room in this assumption
such that the rate of extreme confinement does not necessarily drop to zero.
Specifically, I allow the annual decrease to range between 0.04 and 0.08 with 80%
confidence.

● Prop. veal life in disabling pain – The proportion of a typical veal calf’s life that is
spent in disabling-equivalent pain, estimated to be between 0.034 (5th-percentile)
and 0.045 (95th-percentile) with an average estimate of 0.039. I could not find any
studies that estimate this variable, so I made a conservative guess using data we do
have from hens from the Welfare Footprint Project. As with my estimate for
breeding sows, I assume that veal calves spend half as much time in disabling pain as
laying hens per hour. That is, the estimated proportion of a veal calf’s life spent in
disabling pain was calculated using the equation:
𝑃𝑟𝑜𝑝.  𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒 𝑖𝑛 𝑑𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 =  0. 5 × [(𝐶𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔) × (𝑊𝑒𝑖𝑔ℎ𝑡:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔) +  

(𝐶𝐶:  𝐷𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔) × (𝑊𝑒𝑖𝑔ℎ𝑡:  𝐷𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔) + (𝐶𝐶:  𝐻𝑢𝑟𝑡𝑓𝑢𝑙) × (𝑊𝑒𝑖𝑔ℎ𝑡:  𝐻𝑢𝑟𝑡𝑓𝑢𝑙) +

(𝐶𝐶:  𝐴𝑛𝑛𝑜𝑦𝑖𝑛𝑔) × (𝑊𝑒𝑖𝑔ℎ𝑡:  𝐴𝑛𝑛𝑜𝑦𝑖𝑛𝑔)]/(𝐶𝐶 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝐿𝑎𝑦𝑖𝑛𝑔)

● Prop. veal pain avoided ban – The proportion of disabling pain that is avoided when
a state requires housing that allows a calf to lay down, stretch, and turn around.
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This proportion is assumed to be lognormally distributed between 0.1 and 0.3
with 90% confidence. This is assumed to be the same as the reduction in disabling
suffering experienced by breeding sows, as I could not locate (after about an hour of
searching) any studies that quantitatively measure pain like the Welfare Footprint
Project did for hens. However, a 10% to 30% reduction in disabling pain seems to be a
reasonable conservative estimate, as both traditional gestation crates and traditional
veal confinement methods entail an extreme lack of mobility and socialization.

Intermediate Calculations

Below are the descriptions of my Causal estimates for the average weight of boneless meat
from a veal calf and the proportion of veal calves housed in non-compliant individual stalls
at the end of each year from 2013 through 2018.

● Special veal prop. – The proportion of veal calves raised that are of the special-fed
variety, estimated to be 0.85 with a 90-percentile range between 0.81 and 0.89.
Assuming that there are only two types of veal consumed in the US, the proportion
of calves that are raised for special-fed veal is the complement of the proportion
that are raised for bob veal (0.15, as described above). The formula is:
𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑣𝑒𝑎𝑙 𝑝𝑟𝑜𝑝.  =  1 −  𝐵𝑜𝑏 𝑣𝑒𝑎𝑙 𝑝𝑟𝑜𝑝.

● Avg. wt. meat per calf (lbs) – The weighted average weight of boneless meat harvested
off of a veal calf at slaughter, estimated to be 193 lbs. with a 90-percentile range of
155 to 228 lbs. This number is used to convert between the weight of veal meat
consumed per year by residents of the US (or any state) and the number of veal
calves slaughtered for this purpose. It represents the sum of the average amount of
boneless meat across bob and special-fed veal calves, weighted by their relative
prevalence amongst all veal calves. Specifically, the formula is:
𝐴𝑣𝑔.  𝑤𝑡.  𝑚𝑒𝑎𝑡 𝑝𝑒𝑟 𝑐𝑎𝑙𝑓 (𝑙𝑏𝑠) = (𝐵𝑜𝑏 𝑣𝑒𝑎𝑙 𝑝𝑟𝑜𝑝.) × (𝑌𝑖𝑒𝑙𝑑 𝑏𝑜𝑏 𝑣𝑒𝑎𝑙) × (𝑊𝑡.  𝑏𝑜𝑏 𝑐𝑎𝑙𝑓 (𝑙𝑏𝑠)) +  

(𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑣𝑒𝑎𝑙 𝑝𝑟𝑜𝑝.) × (𝑌𝑖𝑒𝑙𝑑 𝑠𝑝𝑒𝑐𝑖𝑎𝑙 𝑣𝑒𝑎𝑙) × (𝑊𝑡.  𝑠𝑝𝑒𝑐𝑖𝑎𝑙 𝑐𝑎𝑙𝑓 (𝑙𝑏𝑠))

● Prop. calves confined EOY 2013-2018 – These six parameters estimate the proportion
of veal calves housed in non-compliant individual stalls at the end of their
respective years. Each was calculated using the following method:

1. Use a recursive formula that subtracts the annual decrease in calf
confinement from the prior year’s proportion of calves confined, with the
initial value being the proportion of calves in non-compliant individual stalls
at the end of 2012.

2. Take the maximum of zero and the proportion calculated in step (1), then
assign this to the current year’s proportion of calves in individual stalls.

The combined formula is:
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𝑃𝑟𝑜𝑝.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑑(𝑌
𝑡
) = 𝑚𝑎𝑥 (𝑃𝑟𝑜𝑝.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑑(𝑌

𝑡−1
) − 𝐴𝑛𝑛𝑢𝑎𝑙 𝐷𝑒𝑐.  𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑚𝑒𝑛𝑡),  0{ }

where , represents the proportion of calves𝑡 = 1,..., 5 𝑃𝑟𝑜𝑝.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑑(𝑌
0
) =  0. 30

confined at the end of the year , , and𝑌
0

= 2012 𝐴𝑛𝑛𝑢𝑎𝑙 𝐷𝑒𝑐.  𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑚𝑒𝑛𝑡 = 0. 06 𝑌
1
,..., 𝑌

5
 

represent the end of 2013 through 2018. Note that I included the end of 2018–even
though all calves are assumed to be in group housing by the end of 2017–because
California’s Proposition 2 took effect in 2015 and has an assumed impact through
2018. The annual estimated proportions of veal calves in extremely confining
individual stalls from EOY 2013 through EOY 2018 are listed in Table 7 below, along
with their respective ranges of uncertainty.

Table 7: Estimated proportion of veal calves confined per year, 2012-2018

Year 5th-percentile
proportion
confined

Average
proportion
confined

95th-percentile
proportion
confined

EOY 2012 0.22 0.30 0.37

EOY 2013 0.15 0.24 0.32

EOY 2014 0.08 0.18 0.27

EOY 2015 0.01 0.12 0.23

EOY 2016 0.00 0.07 0.19

EOY 2017 0.00 0.04 0.17

EOY 2018 0.00 0.02 0.13

Arizona Proposition 204 (2006) Analysis
In this section, I describe the process used to analyze the cost-effectiveness of Arizona
Proposition 204 in terms of the number of sows and veal calves affected per dollar spent by
the campaign.

Veal Calves

Veal Inputs

Proposition 204 was passed in 2006, but the initiative had a six-year transition period such
that the regulations did not come into effect until 2012. Therefore, using a four-year
speed-up time, the period of impact was the start of 2012 through the end of 2015. All my
number inputs below are gathered from 2012-2015 data. One limitation is that I could not
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find data on the amount of veal produced in Arizona. Additionally, I did not have
information on the number of veal calves in Arizona or the United States. Instead, I
estimated this parameter by using the amount of veal produced in the United States and
the ratio of dairy cows in Arizona to the total number of dairy cows in the United States.
This assumes that there’s a constant proportion of veal calves to dairy cows and that these
proportions are equal in Arizona and the United States. I made this assumption because
veal calves are typically male Holsteins, a breed of dairy cattle, so I figured that the number
of veal calves in a state may be proportional to the number of dairy cattle. I am also
assuming that sales of calves from dairy farms to veal farms are occurring within state
borders.

● Veal produced US 2012-2015 (lbs) – These four variables are yearly estimates of the
weight of veal produced in the United States from 2012 through 2015, and are
listed in Table 8 below. The data came from a Statista14 chart on total U.S. veal
production from 2000 to 2018, and I added a uniform noise of 0.5 million lbs to
account for rounding errors in the chart (Shahbandeh, 2022).

Table 8: U.S. veal production per year, 2012-2015 (Shahbandeh, 2022)

Year U.S. Veal Production (million lbs.)

2012 125 ± 0.5

2013 117 ± 0.5

2014 100 ± 0.5

2015 88 ± 0.5

● Dairy cows AZ (2012) – The total number of dairy cows in Arizona in 2012,
estimated to be uniformly distributed between 187,500 and 188,500 cows using
milk production data from the USDA and adding half an increment of uncertainty
around the estimate given (USDA, 2014, pg. 7).

● Dairy cows USA (2012) – The total number of dairy cows in the United States in
2012, estimated to be uniformly distributed between 9,236,500 and 9,237,500
cows using milk production data from the USDA and adding half an increment of
uncertainty around the estimate given (USDA, 2014, pg. 5).

14 Unfortunately, I could not access the primary source from which this Statista chart draws
its data. However, the figures on veal production are in line with Americans’ veal
consumption as estimated earlier. Taking into consideration that some veal may be traded
between the United States and other countries, these figures seem roughly correct.
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Veal Numbers Calculations

The section below contains the calculations made to estimate the number of veal calves
affected by Arizona Proposition 204 over the assumed time span in which the proposition
had an impact (2012 through 2015). I estimate that 9,000 veal calves were raised in better
conditions as a result of the ban, with a range from 4,800 to 13,600 calves affected. This
translates into 2,900 years of calf life affected (1,400 to 4,500 years), with an estimated 21
(7.4 to 39) years of disabling-equivalent suffering avoided.

This estimate, as previously discussed, is likely conservative because it assumes that the
American Veal Association’s reported figures on veal calf confinement rates are accurate
and representative of all veal producers. I also assume that there was a linear decrease in
the percentage of veal calves confined until the end of 2017, when I assume that no more
calves were in extremely confining stalls. Additionally, I assume an average rate of
compliance of 93% amongst domestic producers. Finally, filling in for a lack of state-level
data on veal calf populations, I assume that the ratio of dairy cows in a state to dairy cows in
the U.S. is equal to the ratio of veal calves in a state to veal calves in the U.S. total. All of
these assumptions may be questioned with further data and research, yet I would estimate
that the 2,900 life-years affected estimate is accurate to within an order of magnitude.

● Avg. veal lbs/yr US 2012 to 15 – The average amount of veal produced per year in the
United States between 2012 and 2015, estimated to be 107.5±0.5 million lbs/yr
using the above data from Statista (Shahbandeh, 2022). I calculated this number
using the formula:

𝐴𝑣𝑔.  𝑣𝑒𝑎𝑙 𝑙𝑏𝑠/𝑦𝑟 𝑈𝑆 (2012 − 15) = 1/4
𝑡=2012

2015

∑ 𝑉𝑒𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑈𝑆 𝑡 (𝑙𝑏𝑠) = 107. 5𝑀 𝑙𝑏𝑠/𝑦𝑟

● No. veal calves US/yr – The estimated number of veal calves raised and slaughtered
in the United States per year from 2012-2015. This was estimated to be 568,000
calves per year with a 90-percentile range between 476,000 and 672,000 calves by
dividing the amount of veal produced per year by the estimated average weight of
meat from a veal calf at slaughter:

𝑁𝑜.  𝑣𝑒𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝑈𝑆/𝑦𝑟 =  𝐴𝑣𝑔. 𝑣𝑒𝑎𝑙 𝑙𝑏𝑠/𝑦𝑒𝑎𝑟 𝑈𝑆 2012 𝑡𝑜 15
𝐴𝑣𝑔. 𝑤𝑡. 𝑚𝑒𝑎𝑡 𝑝𝑒𝑟 𝑐𝑎𝑙𝑓 (𝑙𝑏𝑠/𝑐𝑎𝑙𝑓)

● Prop. AZ veal to US veal 2012 to 15 – The estimated proportion of United States veal
calves that were raised in Arizona during the 2012-2015 period. I estimated this
proportion to be approximately 0.02, meaning about 2% of veal calves in the U.S.
come from Arizona. I assumed that this proportion would be equal to the
proportion of U.S. dairy cows that were in Arizona in 2012.

𝑃𝑟𝑜𝑝.  𝐴𝑍 𝑣𝑒𝑎𝑙 𝑡𝑜 𝑈𝑆 𝑣𝑒𝑎𝑙 2012 𝑡𝑜 15 = 𝐷𝑎𝑖𝑟𝑦 𝑐𝑜𝑤𝑠 𝐴𝑍 (2012)
𝐷𝑎𝑖𝑟𝑦 𝑐𝑜𝑤𝑠 𝑈𝑆𝐴 (2012)
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● No. veal calves AZ/yr – The approximate number of veal calves raised and
slaughtered per year in Arizona from 2012-2015, estimated to be 11,600 calves
with a range between 9,700 and 13,700. This estimate was created by multiplying
the approximate number of veal calves slaughtered in the US per year by the
approximate proportion of U.S. veal calves that come from Arizona:
𝑁𝑜.  𝑣𝑒𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝐴𝑍/𝑦𝑟 =  (𝑁𝑜.  𝑣𝑒𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝑈𝑆/𝑦𝑟) * (𝑃𝑟𝑜𝑝.  𝐴𝑍 𝑣𝑒𝑎𝑙 𝑡𝑜 𝑈𝑆 𝑣𝑒𝑎𝑙)

● No. calves affected AZ – The total number of veal calves affected by Arizona Prop
204 over the four years from 2012 to 2015, estimated to be between 4,800 and
13,600 calves (90-percentile range) with an average estimate of 9,000 calves. As
previously discussed, I gave a conservative estimate of the percentage of veal calves
in extremely confining stalls that started at 30% at the end of 2012 and declined by
6% per year until reaching roughly zero at the end of 2017. Assuming 11,600 calves
per year is a good estimate of the number of calves raised and slaughtered in
Arizona from 2012-2015, I used the formula below to estimate that 9,000 calves
were affected by Arizona Proposition 204’s banning of extremely confining stalls.
𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍
=  (𝑁𝑜.  𝑣𝑒𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝐴𝑍/𝑦𝑟) × (𝐴𝑍 204 𝐶𝐴2 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑅𝑎𝑡𝑒)

×
𝑡=2012

2015

∑ (𝑝𝑟𝑜𝑝.  𝑣𝑒𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑑,  𝑌
𝑡
)

=  (11, 600 𝑐𝑎𝑙𝑣𝑒𝑠 𝐴𝑍/𝑦𝑟) × (0. 93) × 0. 30 +  0. 24 +  0. 18 +  0. 12( ) ≈ 9, 000 𝑐𝑎𝑙𝑣𝑒𝑠 𝑡𝑜𝑡𝑎𝑙 

● No. bob calves affected AZ204 – The total number of bob veal calves affected by
Arizona Proposition 204 over the four years from 2012 through 2015, estimated to
be 1,300 with a 90-percentile range between 610 and 2,300. This variable was
estimated by multiplying the estimated number of calves impacted by the initiative
by the proportion of these calves who are raised for bob veal:
𝑁𝑜.  𝑏𝑜𝑏 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍 =  (𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍) × (𝐵𝑜𝑏 𝑣𝑒𝑎𝑙 𝑝𝑟𝑜𝑝.)

● No. special calves affected AZ204 – The total number of special-fed veal calves
affected by Arizona Proposition 204 over the four years from 2012 through 2015,
estimated to be 7,600 with a 90-percentile range between 4,100 and 11,200 calves.
This variable was estimated by multiplying the estimated number of calves
impacted by the initiative by the proportion of these calves who are raised for
special-fed veal:
𝑁𝑜.  𝑠𝑝𝑒𝑐𝑖𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍 =  (𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍) × (𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑣𝑒𝑎𝑙 𝑝𝑟𝑜𝑝.)

● No. calf years affected AZ204 – The total number of years of veal calf life that were
affected by Arizona Proposition 204, estimated to be 2,900 with a 90-percentile
range between 1,400 and 4,500. This estimate was calculated by multiplying the
number of animals affected for each type of calf by the minimum of 1 or its lifespan:
𝑁𝑜.  𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍204 = (𝑁𝑜.  𝑏𝑜𝑏 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍204) × 𝑚𝑖𝑛{𝐵𝑜𝑏 𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛, 1}
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+  (𝑁𝑜.  𝑠𝑝𝑒𝑐𝑖𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍204) × 𝑚𝑖𝑛{𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛,  1}
If the lifespan of a veal calf is less than one year, then we need to adjust accordingly
to find out the number of life-years impacted For instance, if the special veal calves
only live 2 months on average and there were 2000 calves in the inventory in a
given year who were impacted, then there would be only

years of life affected. However, if the calves live for at2000 𝑝𝑖𝑔𝑠 × 0. 167 𝑦𝑒𝑎𝑟𝑠 = 333 
least a year, then the number of “calf-years” of experience affected would still equal
the speed-up time multiplied by the average number of calves affected per year.
Thus, I included the and𝑚𝑖𝑛 𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛, 1{ } 𝑚𝑖𝑛{𝐵𝑜𝑏 𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛,  1}
multipliers to adjust for the fact that each veal calf lives less than a year.

● Total veal yrs. suffering avoided AZ 204 – The estimated total number of years of
disabling-equivalent suffering averted by the veal calf housing reforms mandated
by Arizona Proposition 204 over the four-year period of impact. This is estimated
to be 21 years with a 90-percentile range from 7.4 to 39 years. This calculation was
made by multiplying the total number of calf-years affected by the proportion of a
veal calf’s life that is spent in disabling pain and finally by the proportion of that
pain that is alleviated by banning tethering and extreme confinement.
𝑇𝑜𝑡𝑎𝑙 𝑣𝑒𝑎𝑙 𝑦𝑟𝑠.  𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐴𝑍 204 = (𝑁𝑜.  𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍204)

× (𝑃𝑟𝑜𝑝.  𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒 𝑖𝑛 𝑑𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑛) × (𝑃𝑟𝑜𝑝 𝑣𝑒𝑎𝑙 𝑝𝑎𝑖𝑛 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑏𝑎𝑛)

Breeding Sows

Sow Inputs

The extremely tight conditions in the “gestation crates” used for breeding sows were the
second target of Arizona Proposition 204. To estimate the years of suffering avoided by
banning these conditions, I found data on Arizona’s breeding pig population for the years
from 2012 through 2015. I also added a margin of error of 500 sows per year to account for
potential rounding errors in the data. The annual breeding pig populations are in Table 9
below.
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Table 9: Number of breeding sows in Arizona each year from 2012 through 201515

Year Number of Breeding Sows in AZ

2012 20,000±500 (USDA, 2012)

2013 20,000±500 (USDA, 2013)

2014 20,000±500 (USDA, 2014)

2015 18,000±500 (USDA, 2015)

Sow Numbers & Welfare Calculations

The following variables estimate the number of pigs affected by, and the welfare
improvements and cost-effectiveness of, the Arizona Proposition 204 breeding sow welfare
reforms. I estimate that the initiative affected 54,000 years of sow life (46,300 to 61,400
years) and averted 400 years of sow disabling pain (200 to 690 years).

● Avg. pigs affected per year – The average number of breeding sows in Arizona per
year that were affected by Proposition 204, estimated to be between 11,600 and
15,300 with an average estimate of 13,500 pigs per year. This estimate was
calculated by taking the simple average number of breeding sows in Arizona from
2012 through 2015 and multiplying the result by the estimated proportion of
breeding sows that were housed in non-compliant gestation crates in 2012 and the
compliance rate for Arizona domestic producers.
𝐴𝑣𝑔.  𝑝𝑖𝑔𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = (𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤𝑠 𝑖𝑛 𝑔𝑒𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑟𝑎𝑡𝑒𝑠)

× (𝐴𝑍 204 𝐶𝐴 2 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑅𝑎𝑡𝑒) ×
𝑌

𝑡
=2012

2015

∑ 1
4 (𝑁𝑜.  𝑏𝑟𝑒𝑒𝑑𝑖𝑛𝑔 𝑠𝑜𝑤𝑠 𝐴𝑍 𝑌

𝑡
)

● No. pig-years affected AZ204 – The number of years lived by sows who were
impacted by Arizona Proposition 204’s minimum space requirement, estimated
to be 54,000 sow-years with a 90-percentile range between 46,300 and 61,400
years. This estimate is the product of the average number of sows affected per year,
the speed-up time, and the minimum of one and the average lifespan of a breeding
sow.
𝑁𝑜.  𝑝𝑖𝑔 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍 204 =  (𝐴𝑣𝑔.  𝑝𝑖𝑔𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟)

× (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒) × 𝑚𝑖𝑛{1,  𝐿𝑖𝑓𝑒𝑠𝑝𝑎𝑛 𝑠𝑜𝑤}

15 The USDA states that the size of the “breeding inventory,” which could include males and
gilts, is about 5.817 million in 2012 (USDA, 2012). Sows produce “slightly more than two
litters per year” (USDA, 2022), and in the first half of 2012 there were approximately 5.847
million sows that farrowed during that period (USDA, 2012). So, I assume that all sows
farrowed approximately once during that period, and that I can roughly assume that the
“breeding inventory” is about equal to the size of the sow inventory.
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● No. pig years suffering avoided AZ 204 – The estimated number of years of
disabling-equivalent pain avoided by Arizona Proposition 204’s reforms of
breeding sow housing over the period from 2012 through 2015. I estimate that
Proposition 204 decreased sow suffering by 400 years, with a 90-percentile range
between 200 to 690 years. The formula used is as follows:
𝑁𝑜.  𝑝𝑖𝑔 𝑦𝑒𝑎𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐴𝑍 204 =  (𝑁𝑜.  𝑝𝑖𝑔 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍204)

× (𝑃𝑟𝑜𝑝. 𝑠𝑜𝑤 𝑙𝑖𝑓𝑒 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔) × (𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑚𝑜𝑟𝑒 𝑟𝑜𝑜𝑚)
I multiply the number of pig-years affected by the proportion of their lives spent
suffering to estimate how many years of suffering the pigs impacted by Arizona
Proposition 204 went through over the four years considered. Then, multiplying by
the proportion of suffering that is averted by banning extreme confinement of
breeding sows gives the years of pig suffering avoided by the Proposition.

Summary of Arizona Proposition 204 Impact

Table 10 below shows the overall estimated reductions in suffering for veal calves and
breeding sows that can be attributed to Arizona Proposition 204’s requirements that
animals have more freedom of movement. I also include the absolute number of
animal-years that were impacted by the Proposition.

Table 10: Arizona Proposition 204 – Summary of Impact

Animal Animal-years impacted Total Suffering Avoided (years)

Veal calves 2,900 (1,400 to 4,500) 21 (7.4 to 39)

Breeding sows 54,000 (46,300 to 61,400) 400 (200 to 690)

California Proposition 2 (2008) Analysis
This part of the methodology section outlines the variables, assumptions, calculations, and
results of my analysis of the cost-effectiveness of California Proposition 2’s welfare reforms
for egg-laying hens, veal calves, and breeding sows.

Egg-Laying Hens

Hen Inputs

Because the speed-up time is assumed to be four years and because Proposition 2’s welfare
requirements applied to all California hens starting in 2015, I needed data on the number
of egg-laying hens in California from 2015 through 2018. I assumed that chickens make up
the entirety of the egg-laying hen population and used agricultural data on the California
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egg-laying chicken population to estimate the number of hens that were impacted by the
initiative. The California egg-laying chicken population data are in Table 11 below, along
with their sources. I made each uniformly distributed with a total range of 1000 hens to
account for rounding errors in the data reporting.

Table 11: California egg-laying hen population, 2015-2018

Year Egg-laying hen Population

2015 11,870,000 ± 500 (USDA, 2019, pg. 11)

2016 12,082,000 ± 500 (USDA, 2019, pg. 11)

2017 14,499,000 ± 100,000 (USDA, 2018, pg. 8)16

2018 14,489,000 ± 100,000 (USDA, 2018, pg. 8)17

Hen Numbers Calculations

This section of calculations estimates the total number of years experienced by egg-laying
hens that were affected by California Proposition 2’s reforms. I assume that the percentage
of hens in California that were in cages before the proposition took place was the same as
the percentage of hens in cages for the United States as a whole for each year from 2015
through 2018. Further data could challenge this assumption, particularly if California
consumers were more likely to purchase cage-free eggs than the typical American.

● Total CC hen years CA2 – The total number of years of life lived by hens who would
have been conventionally housed but for California Proposition 2, over the
four-year period between 2015 through 2018. This parameter is estimated to be 41
million years of hen life with a 90-percentile range between 38 and 45 million
years. This estimate was reached by 1) multiplying the number of egg-laying hens in
California by the proportion of hens who are in conventional cages, for each year, 2)
summing up the result from 2015 through 2018, 3) multiplying by the California
Proposition 2 domestic compliance rate and, 4) adjusting the result for the
possibility that the average laying period is, on average, less than a year.
𝑇𝑜𝑡𝑎𝑙 𝐶𝐴2 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 = 𝑚𝑖𝑛 1,  𝐶𝐶 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑙𝑎𝑦𝑖𝑛𝑔{ } × (𝐴𝑍 204 𝐶𝐴2 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑒)

×
𝑌

𝑡
=2015

2018

∑ (𝐶𝐴 ℎ𝑒𝑛𝑠 𝑌
𝑡
) × (1 − 𝑌

𝑡
 𝐶𝐹 𝑝𝑟𝑜𝑝.)

17 This is the number of hens in California for October, 2018, which I am assuming is
roughly representative of all months in 2018, with an additional error added.

16 This is the number of hens in California for October, 2017, which I am assuming is
roughly representative of all months in 2017, with an additional error added.
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● CC to EC hen years CA2 – The number of years lived by California egg-laying hens
whose housing changed from being conventional to enriched over the four years
between 2015 and the end of 2018. This statistic is estimated to be 38 million hens
(32 to 42 million). This variable was calculated by multiplying the total number of
years lived by conventionally caged California hens by the proportion of hens that,
when they are transitioned out of conventional cages, are put in enriched cages.
(The latter parameter is the complement of the proportion of hens who switch to
being cage-free.)
𝐶𝐶 𝑡𝑜 𝐸𝐶 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝐶𝐴2 = (𝑇𝑜𝑡𝑎𝑙 𝐶𝐴2 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠) × (1 − 𝑃𝑟𝑜𝑝.  𝐶𝐶 𝑡𝑜 𝐶𝐹)

● CC to CF hen years CA2 – The number of years lived by California egg-laying hens
whose housing changed from being conventional to cage-free over the four years
between 2015 and the end of 2018. This statistic is estimated to be between 0.88
million and 7.8 million hens with an average estimate of 3.3 million hens. This
variable was calculated by multiplying the total number of years lived by the
assumed proportion of eggs that, when they are no longer conventionally raised,
switch to being cage-free.
𝐶𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝐶𝐴2 = (𝑇𝑜𝑡𝑎𝑙 𝐶𝐴2 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠) × (𝑃𝑟𝑜𝑝.  𝐶𝐶 𝑡𝑜 𝐶𝐹)

● Total hen years improved CA2 – The net number of hen-years of improved quality of
life that resulted from California Proposition 2, estimated to be between 37 and 45
million years with a central estimate of 41 million years. Importantly, this figure is
different from the number of years of hen life that would have been spent in
conventional cages but for the proposition. I’m assuming that hens in enriched cages
are equally as productive per year as hens in conventional cages. However, this may
not be the case for cage-free hens. As such, to produce the same number of eggs,
more hens may be required when some transition from conventional to cage-free.
As such, the net number of years of improved life for hens who transition from
being in conventional cages to cage-free needs to be adjusted. I use the following
formula for the total years of improved hen life as a result of the initiative, and I
explain the adjustment in the Appendix.
𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐶𝐴2 = (𝐶𝐶 𝑡𝑜 𝐸𝐶 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝐶𝐴2) +

(𝐶𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝐶𝐴2) * (2 − 𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠)
Note that if cage-free and conventionally caged hens are equally productive (i.e.,

, the total years of improved hen life is the sum of the years of𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠 = 1)
life of hens who transition to enriched cages and the years of life of hens who
transition to cage-free aviaries.
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Hen Welfare Calculations

In this section, I used the annual pain experienced by egg-laying hens in conventional
cages, enriched cages, and cage-free aviaries to estimate how many years of each type of
pain was avoided by California Proposition 2’s welfare reforms over the period from 2015
through 2018. An example calculation for the years of excruciating pain avoided by
California Proposition 2 is in the equation below:
𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 ℎ𝑟𝑠.  𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴2 = [𝐶𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟)

− 𝐸𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟)] × (𝐶𝐶 𝑡𝑜 𝐸𝐶 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝐶𝐴2) 
+ [(𝐶𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟))/(𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠)
− 𝐶𝐹:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟)] × (𝐶𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝐶𝐴2)

The amount of suffering reduced for those hens who transition from conventional cages to
cage-free aviaries is adjusted for the ratio of productivities of conventional and cage-free
hens to account for the potential increase in the number of hens required to produce the
same number of eggs. I explain this adjustment in the Appendix.

Furthermore, I estimated the reduction in the years of “suffering-equivalent pain” endured
by these hens by taking the sum of the years of each type of pain avoided, weighted by its
respective severity. The total suffering-equivalent pain reduction was estimated to be
between 820,000 and 1.7 million years with an average estimate of 1.3 million years of
suffering reduced. Table 12 below displays the resulting estimates.

𝐻𝑒𝑛 𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴2 =
𝑖∈𝑆
∑ (𝑊𝑒𝑖𝑔ℎ𝑡:  𝑖) × (𝑖 𝑝𝑎𝑖𝑛 𝑦𝑟𝑠.  𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴2)

for 𝑆 = {𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔,  𝐷𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔,  𝐻𝑢𝑟𝑡𝑓𝑢𝑙,  𝐴𝑛𝑛𝑜𝑦𝑖𝑛𝑔}

Table 12: California Prop. 2 hen pain reduction estimates

Pain Type Lower Bound
(yrs.)

Average
Estimate (yrs.)

Upper Bound
(yrs.)

Weight

Excruciating -35.5 26.7 98.2 5

Disabling 565,000 795,000 1,040,000 1

Hurtful 589,000 2,880,000 5,400,000 0.15

Annoying -1,650,000 2,360,000 6,260,000 0.01

Suffering-equivalent
pain

822,000 1,250,000 1,690,000 1

From these calculations and given these weights, we see that reductions in
mild-to-moderate forms of pain are the major contributors to the initiative’s impact for
hens. About two-thirds of the reduction in weighted suffering attributed to the switch from
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conventional to enriched cages comes from reductions in disabling pain. Before weighting
for severity, however, we see that the absolute amount of hurtful and annoying pain
avoided per dollar is quite large, about three to four times the disabling pain reduction.

On the other hand, reductions in excruciating pain contributed practically nothing to the
overall suffering reduction, despite their large severity. This is not surprising, seeing as how
hens spend a relatively small amount of time in excruciating pain and how cage-free
aviaries are not targeting the main drivers of this type of pain which, from the Welfare
Footprint Data, are fatal acute peritonitis and fatal vent wounds18 (Welfare Footprint
Project).

Veal Calves

Veal Inputs

For later use in veal welfare improvements, I included an estimate of the average number
of calves slaughtered in California per month from 2015 through 2018. This statistic is
assumed to be normally distributed between 4326 and 4957 calves per month with 95%
confidence. I used monthly data from 2020 on the number of veal calves slaughtered to
create this confidence interval, and the full data and explanation of my methods are in the
corresponding section of the Appendix.

A limitation of this estimate is that the extrapolation from the 2020 veal calf inventory to
2015 through 2018 inventories may be inappropriate. However, I could not find better data
on California’s population of veal calves from 2015-2018 through a Google Search. I did
find information on the value of veal produced in California during 2015 (California
Department of Food and Agriculture, 2016), but I could not find data on the price of veal
for that period to be able to convert to the number of animals involved.

Veal Numbers Calculations

In this section, I estimate the number of special-fed and bob veal calves who were impacted
by California Proposition 2’s ban on extremely confining housing arrangements.

● No. calves/year CA – The number of calves slaughtered per year in California from
2015 through 2018, estimated to be between 52,200 and 59,000 with an average
estimate of 55,600 calves per year. This estimate was found by multiplying the
average number of calves slaughtered per month by 12.

● No. calves affected CA2 – The number of calves whose welfare was improved by
California Proposition 2 from 2015 through 2018, estimated to be 17,000 with a

18 For more on the main contributors of each type of pain, see the “Absolute Time in Pain
by Harm” graphic on the bottom of this page.
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range between 2,200 and 40,000 calves. For each year from 2015 through 2018, the
number of calves in California per year is multiplied by the estimated proportion of
calves in extremely confining housing that year. The latter quantity is assumed to be
the average of the estimated proportion of calves confined at the end of the prior
year and the current year. Then, the estimated number of calves impacted each year
is added up and multiplied by the domestic compliance rate to get the final result.19

𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2 =(𝐴𝑍 204 𝐶𝐴 2 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑒) ×
𝑌

𝑡
=2015

2018

∑ [(𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠/𝑦𝑒𝑎𝑟 𝐶𝐴) 

× 1
2 (𝑃𝑟𝑜𝑝.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑑 𝐸𝑂𝑌 𝑌

𝑡−1
+ 𝑃𝑟𝑜𝑝.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑑 𝐸𝑂𝑌 𝑌

𝑡
)]

= (𝐴𝑍 204 𝐶𝐴 2 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑒) × (𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠/𝑦𝑒𝑎𝑟 𝐶𝐴) × [ 1
2 (𝑃𝑟𝑜𝑝.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑑 𝐸𝑂𝑌 2014) +  

𝑌
𝑡
=2015

2017

∑ (𝑃𝑟𝑜𝑝.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑑 𝐸𝑂𝑌 𝑌
𝑡
) + 1

2 (𝑃𝑟𝑜𝑝.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑑 𝐸𝑂𝑌 2018)]

● No. bob calves affected CA2 – The estimated number of bob veal calves whose welfare
was improved by California Proposition 2’s welfare reforms, estimated to be 2,600
with a range between 400 and 6,200 and obtained by multiplying the estimated
number of calves affected by the proportion of veal calves raised for bob veal.
𝑁𝑜.  𝑏𝑜𝑏 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2 = (𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2) × (𝐵𝑜𝑏 𝑣𝑒𝑎𝑙 𝑝𝑟𝑜𝑝.)

● No. special calves affected CA2 – The estimated number of special-fed veal calves
whose welfare was improved by California Proposition 2’s welfare reforms,
estimated to be 14,600 with a range between 1,800 and 34,100 and obtained by
multiplying the estimated number of calves affected by the proportion of veal calves
raised for special-fed veal.
𝑁𝑜.  𝑠𝑝𝑒𝑐𝑖𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2 = (𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2) × (𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑣𝑒𝑎𝑙 𝑝𝑟𝑜𝑝.)

Veal Welfare Improvements

In this section, I estimate that California Proposition 2 affected 5,500 (610 to 13,000) years
of calf life and reduced veal calf suffering by about 40 (4.5 to 99) years between 2015 and
2018. The calculations made are explained as follows:

19 Again, three assumptions underlie this calculation: that the American Veal Association
represents most veal producers, that the AVA’s claims to be stall-free by the end of 2017
were correct, and that the proportion of veal calves affected by the regulation is equal to the
proportion of calves in such extremely confining stalls. All three may be incorrect and
create an underestimate of the number of veal calves impacted. It’s possible, for instance,
that a greater proportion of calves raised for veal were in extremely confined conditions
despite not being in stalls. However, these were the best proxies I could find for
determining the welfare impacts on veal calves.
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● No. calf years affected CA2 – The total number of years lived by veal calves who were
affected by Proposition 2’s welfare reforms, estimated to be between 610 and
13,000 with an average estimate of 5,500 years. Similar to the calculation for
Arizona Proposition 204, this estimate was calculated by multiplying the number of
animals affected for each type of calf by the minimum of 1 or its lifespan:
𝑁𝑜.  𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2 = (𝑁𝑜.  𝑏𝑜𝑏 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2) × 𝑚𝑖𝑛{𝐵𝑜𝑏 𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛, 1}

+  (𝑁𝑜.  𝑠𝑝𝑒𝑐𝑖𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2) × 𝑚𝑖𝑛{𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛,  1}

● Total veal yrs. suffering avoided CA2 – The estimated number of years of veal calf
suffering alleviated by the welfare requirements of California Proposition 2,
approximated to be 40 years with a range between 4.5 and 99 years. This estimate
was obtained by multiplying the number of years lived by the affected veal calves by,
first, the assumed proportion of their lives lived in suffering and, second, by the
proportion of a calf’s suffering that is reduced by these welfare reforms.
𝑇𝑜𝑡𝑎𝑙 𝑣𝑒𝑎𝑙 𝑦𝑟𝑠.  𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴2 = (𝑁𝑜.  𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2)

× (𝑃𝑟𝑜𝑝.  𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒 𝑖𝑛 𝑑𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑛) × (𝑃𝑟𝑜𝑝.  𝑣𝑒𝑎𝑙 𝑝𝑎𝑖𝑛 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑏𝑎𝑛)

Breeding Sows

Sow Inputs

Table 13 below contains data on the annual breeding pig inventory in California from 2015
through 2018 from the 2018-2019 California Agricultural Statistics Review (California
Department of Food and Agriculture, 2019). Each data point was rounded to the nearest
thousand, so I added a margin of error of 500 to each year’s sow inventory to account for
possible rounding errors before using the data to determine the approximate welfare
benefits of California Proposition 2 for breeding sows.

Table 13: Annual breeding pig inventory, California 2015-2018 (California Department of Food
and Agriculture, 2019)

Year Breeding Sow Inventory

2015 4,000 ± 500

2016 6,000 ± 500

2017 4,000 ± 500

2018 8,000 ± 500
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Sow Calculations

In this section, I estimate the number of years of improved life lived by California breeding
sows during the period of impact to be 15,000 (13,000 to 17,000) years. Additionally, I
estimated that California Proposition 2 reduced the suffering experienced by breeding sows
by 110 years (58 to 200) during the period from 2015 through 2018.

● Avg. sows per yr. CA2 – The average breeding sow inventory in California over the
period from 2015 through 2018, equal to 5,500 with a 90-percentile range
between 5,200 and 5,700. This was the simple average of the uniformly distributed
annual breeding sow inventories from Table 13 in the section above.

𝐴𝑣𝑔.  𝑠𝑜𝑤𝑠 𝑝𝑒𝑟 𝑦𝑟.  𝐶𝐴2 = 1
4

𝑌
𝑡
=2015

2018

∑ (𝐶𝐴 𝑏𝑟𝑒𝑒𝑑𝑖𝑛𝑔 𝑠𝑜𝑤 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑌
𝑡
)

● No. sow years affected CA2 – The number of years of sow life improved by the
California Proposition 2 regulations, estimated to be 15,200 with a 90-percentile
range between 12,900 and 17,300. The calculation was made by 1) multiplying the
average annual breeding sow inventory by the four-year speed-up time, 2)
multiplying the result by the estimated proportion of breeding sows in
non-compliant gestation crates, 3) multiplying by the domestic compliance rate, and
4) multiplying by the minimum of either one or the lifespan of the typical breeding
sow, to adjust for the possibility that sows live for less than a year.
𝑁𝑜.  𝑠𝑜𝑤 𝑦𝑟𝑠.  𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2 = (𝐴𝑣𝑔.  𝑠𝑜𝑤𝑠 𝑝𝑒𝑟 𝑦𝑟.  𝐶𝐴2) × (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒) 

× (𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤𝑠 𝑖𝑛 𝑔𝑒𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑟𝑎𝑡𝑒𝑠) × (𝐴𝑍204 𝐶𝐴2 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑒)
× 𝑚𝑖𝑛{1,  𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛 𝑠𝑜𝑤}

● Sow yrs. disabling pain avoided CA2 – The number of years of disabling pain avoided
by California Proposition 2’s breeding sow welfare reforms, estimated to be
between 58 and 196 years with an average estimate of 112 years of pain avoided.
This variable was calculated by multiplying the number of years lived by sows in
non-compliant gestation crates by the assumed proportion of a sow’s life that is
spent in disabling-equivalent pain, then multiplying the result by the proportion of
this pain that is avoided by banning the conditions experienced by pigs in gestation
crates.
𝑆𝑜𝑤 ℎ𝑟𝑠.  𝑑𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴2 = (𝑁𝑜.  𝑠𝑜𝑤 𝑦𝑟𝑠.  𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2) × (𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤 𝑙𝑖𝑓𝑒 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔)

× (𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑚𝑜𝑟𝑒 𝑟𝑜𝑜𝑚)

Summary of California Proposition 2 Impact

Table 14 below shows the overall estimated reductions in suffering for egg-laying hens, veal
calves, and breeding sows that can be attributed to Proposition 2’s mandate that all
non-exempt animal products sold in-state meet the state’s welfare requirements. It also
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displays the number of years of animal life improved by the initiative. All estimates in
parentheses are the 5th- and 95th-percentile estimates of the target metric.

Table 14: California Proposition 2 – Summary of Impact

Animal Animal-years Improved Years of Suffering Avoided

Egg-laying hens 41 million (37 to 45 million) 1.3 million (0.82 to 1.7 million)

Veal calves 5,500 (610 to 13,000) 40 (4.5 to 99)

Breeding sows 15,000 (13,000 to 17,000) 110 (58 to 200)

Here, we see that nearly all of the impact of Proposition 2 was due to the transition of
California’s hens from conventional cages to enriched cages.

Massachusetts Question 3 (2016) Analysis

Egg-Laying Hens

Egg-Laying Hen Numbers Calculations

In this section, I estimate the number of hens affected by Massachusetts Question 3’s
requirement that all eggs sold in the state be cage-free.

First, I estimated the approximate number of eggs consumed by Massachusetts residents to
be about 2 billion eggs per year. I calculated this variable by multiplying the population of
Massachusetts in 2020 by the average number of eggs eaten per year by the typical
American.

𝑀𝐴 𝑒𝑔𝑔𝑠/𝑦𝑟 =  (𝑀𝐴 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 2020) × (𝐸𝑔𝑔 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑈𝑆, 𝑒𝑔𝑔𝑠/𝑦𝑟/𝑝𝑒𝑟𝑠𝑜𝑛)

Next, I calculated the number of hens that went from being in conventional cages to being
cage-free, which was estimated to be 4.0 million hens with a 90-percentile range between
3.5 million and 4.6 million. This estimate was obtained by first dividing Massachusetts’
annual egg consumption by the average annual number of eggs produced by a typical hen.
Then, I multiplied this number by the average proportion of hens who were in
conventional cages in the United States each year from 2022 through 2025. Finally, I
multiply by the imports accuracy rate. For a given year, I assume that the proportion of
cage-free hens is the average of the proportions of cage-free hens at the end of the prior
year and the current year. Then, I assume the average cage-free proportion for 2022
through 2025 is the average of these annual averages, and subtract this from one to
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estimate the proportion of hens who are in conventional cages. The full formula is shown
below.

𝐶𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛𝑠/𝑦𝑟 𝑀𝐴 = (𝑀𝐴 𝑒𝑔𝑔𝑠/𝑦𝑟)
(𝐶𝐶 𝐸𝑔𝑔𝑠/𝑦𝑟/ℎ𝑒𝑛) × 1 −

1
2 (2021 𝐶𝐹 𝑝𝑟𝑜𝑝.)+

𝑌
𝑡
=2022

2024

∑ (𝑌
𝑡
 𝐶𝐹 𝑝𝑟𝑜𝑝.)+ 1

2 (2025 𝐶𝐹 𝑝𝑟𝑜𝑝.)( )
4

⎧
⎪

⎨⎪
⎩

⎫
⎪

⎬⎪
⎭

× (𝑀𝐴3 𝐶𝐴12 𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑅𝑎𝑡𝑒)

Next, because of the potential increase in the number of hens required to produce
Massachusetts residents’ eggs due to the cage-free requirement, I estimate the net number
of hens per year who experience improved quality of life using the following adjustment
(which is explained in the Appendix). This quantity is estimated to be 3.8 million hens
helped per year, with a 90-percent interval between 3.0 million and 4.8 million hens per
year.
𝐻𝑒𝑛𝑠/𝑦𝑟 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝑀𝐴 = (𝐶𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛𝑠/𝑦𝑟 𝑀𝐴) × (2 − 𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠) 

Finally, I calculated the total years of life experienced by hens whose quality of life was
improved byMassachusetts’ cage-free requirement during the four-year speed-up
period, estimated to be 15 million years with a 90-percentile range of 12 to 19 million
years. The formula multiplies the net number of hens who had improved quality of life by
the minimum of the hens’ length of laying or one, and finally by the speed-up time of four
years.
𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝑀𝐴 = (𝐻𝑒𝑛𝑠/𝑦𝑟 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑  𝑀𝐴) × 𝑚𝑖𝑛{𝐶𝐹 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑙𝑎𝑦𝑖𝑛𝑔, 1} × (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒)

Egg-Laying Hen Welfare Calculations

In this section, the number of years of hen pain avoided by Massachusetts Question 3’s
mandates from 2020 through 2023 are estimated for each type of pain documented by the
Welfare Footprint Project. An example calculation for the years of excruciating pain
avoided by Massachusetts Question 3’s cage-free requirement is in the equation below.
𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 𝑦𝑟𝑠.  𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3 = [(𝐶𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟))/(𝑅𝑎𝑡𝑖𝑜 𝐶𝐶 𝑡𝑜 𝐶𝑓 ℎ𝑒𝑛𝑠) −

𝐶𝐹:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟)] × (𝐶𝐹 𝑡𝑜 𝐶𝐶 ℎ𝑒𝑛𝑠/𝑦𝑟 𝑀𝐴) × (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒)

Again, there is an adjustment to the welfare improvement based on the possibility that
more cage-free hens are required to produce Massachusetts’ eggs, as explained in the
Appendix.

Additionally, I estimated the reduction in the number of years of “suffering-equivalent
pain” endured by these hens by taking the sum of years of each type of pain avoided,
weighted by its respective severity. The total suffering-equivalent pain reduction was
estimated to be between 300,000 and 800,000 years with an average estimate of
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530,000 years of suffering reduced byMassachusetts Question 3 from 2022 through
2025. Table 15 below displays the resulting estimates.

𝐻𝑒𝑛 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑦𝑟𝑠.  𝑝𝑎𝑖𝑛 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3 =
𝑖∈𝑆
∑ (𝑊𝑒𝑖𝑔ℎ𝑡:  𝑖) × (𝑃𝑎𝑖𝑛 𝑦𝑟𝑠.  𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3,  𝑖)

for 𝑆 = {𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔,  𝐷𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔,  𝐻𝑢𝑟𝑡𝑓𝑢𝑙,  𝐴𝑛𝑛𝑜𝑦𝑖𝑛𝑔}

Table 15: Massachusetts Question 3 hen pain reduction estimates

Pain Type Lower Bound
(yrs.)

Average
Estimate (yrs.)

Upper Bound
(yrs.)

Weight

Excruciating -38.4 -7.20 22.7 5

Disabling 103,000 227,000 354,000 1

Hurtful 542,000 1,700,000 3,000,000 0.15

Annoying 2,200,000 4,000,000 6,100,000 0.01

Suffering-equivalent
pain

302,000 526,000 800,000 1

Just as with California Proposition 2, changes in excruciating pain contributed little to the
overall impact of Massachusetts 3’s reforms. However, Massachusetts Question 3 is overall
about 25% more cost-effective than California Proposition 2. In Massachusetts, roughly half
a million years of suffering were avoided with a cost of about $5 million, for about 0.1 years
per dollar. By contrast, in California, roughly 1.3 million years of suffering were avoided at
a cost of about $16 million, for a cost-effectiveness of about 0.08 years per dollar. This
greater cost-effectiveness is especially impressive because the per-capita amount of money
spent on each respective initiative was about twice as much for Massachusetts Question 3 as
it was for California Proposition 2, with $4.7 million spent over 7 million people in
Massachusetts versus $15.9 million spent over roughly 40 million people in California. In
addition, California Proposition 2 was passed during a time when a much lower proportion
of eggs were cage-free, so the percentage of eggs Massachusetts Question 3 is targeting was
going to be lower. I would suggest that this average difference can likely be attributed to the
application of the initiative to imported eggs (rather than merely domestically produced
eggs).

Veal Calves

Veal Numbers Calculations

Because Massachusetts Question 3’s mandates apply to imported veal as well as domestic
products, it was necessary to estimate state-level veal consumption rather than trying to
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estimate the number of calves raised in Massachusetts annually. This section conducts
state-level consumption approximations and estimates of the number of each type of veal
calf impacted by Massachusetts Question 3’s increased space and mobility requirements
over the speed-up period from 2022 through 2025.

In total, because I assumed that the American Veal Association’s commitment to end the
use of individual stalls by the end of 2017 was followed, the number of veal calves
estimated to have been affected byMassachusetts Question 3 is very small. This could
change with updated evidence on the housing of veal calves during the period from 2022
through 2025; Nevertheless, because per-capita veal consumption is relatively low in the
United States compared to hen, pork, and beef consumption, the welfare impacts of veal
regulations are likely to be small no matter what fraction of calves are confined in
non-compliant housing.

The variables are as follows:

● Veal consumed MA (lbs/yr) – The annual weight of veal consumed per year by
Massachusetts residents, estimated to be 1.7 million pounds per year with a
90-percentile range between 990,000 and 2.4 million pounds per year. This
calculation assumes that Massachusetts residents do not differ from typical
Americans in their veal consumption, and thereby multiplies the ratio of the
number of Massachusetts residents to U.S. residents by estimated veal consumption
in the United States.

𝑉𝑒𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑀𝐴 (𝑙𝑏𝑠/𝑦𝑟) = (𝑈. 𝑆. 𝑣𝑒𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛/𝑦𝑟) × ( 𝑀𝐴 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 2018
𝑈𝑆 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 2018 ) 

● No. calves consumed/yr MA – The number of veal calves affected by the veal
consumption of residents of Massachusetts annually, estimated to be between
5,300 and 13,700 with an average estimate of 9,200 calves. This estimate was
obtained by dividing the approximate weight of veal meat consumed by
Massachusetts residents by the weighted average amount of usable meat that comes
from bob veal calves and special-fed veal calves:

𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑/𝑦𝑟 𝑀𝐴 = 𝑉𝑒𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑀𝐴 (𝑙𝑏𝑠/𝑦𝑟)
𝐴𝑣𝑔. 𝑤𝑡. 𝑚𝑒𝑎𝑡 𝑝𝑒𝑟 𝑐𝑎𝑙𝑓 (𝑙𝑏𝑠)

● No. calves affected MA3 – The number of veal calves whose welfare was improved by
Massachusetts Question 3 over the four-year period of interest. This number was
calculated to be 720 calves, with a range between zero and 4,300. This range was so
large because of the great uncertainty about the proportion of veal calves still
confined in housing units that prevent them from moving or laying down at the end
of 2018. In the calculation, I assume that the proportion of calves in non-compliant
stalls is static from 2020 through 2024 and equal to the estimated proportion from
the end of 2018 (between 0 and 0.1). The full formula is:
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𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑀𝐴3 = (𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑/𝑦𝑟) × (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒)
× (𝑃𝑟𝑜𝑝.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑑 𝐸𝑂𝑌 2018)

× (𝑀𝐴3 𝐶𝐴12 𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑅𝑎𝑡𝑒)
I am assuming that either Massachusetts produces a small amount of the veal that it
consumes and/or the imports accuracy rate is very similar to the domestic
compliance rate.

● Bob calves affected MA3 – The number of bob veal calves whose welfare was
improved byMassachusetts Question 3, calculated to be approximately 110 calves,
with a range between zero and 600 calves. This estimate was equal to the total
number of calves affected by the proposition multiplied by the proportion of calves
who are raised for bob veal.
𝐵𝑜𝑏 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑀𝐴3 = (𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑀𝐴3) × (𝐵𝑜𝑏 𝑣𝑒𝑎𝑙 𝑝𝑟𝑜𝑝.)

● Special calves affected MA3 – The number of special-fed veal calves whose welfare
was improved byMassachusetts Question 3, calculated to be approximately 610
calves, with a range between zero and 3,500 calves. The calculation was analogous
to that for bob veal calves.
𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑀𝐴3 = (𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑀𝐴3) × (𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑣𝑒𝑎𝑙 𝑝𝑟𝑜𝑝.)

● No. calf-years affected MA3 – The total number of years lived by veal calves who
were impacted byMassachusetts Question 3. This statistic is estimated to be 230
calf-years (0 to 1,400) and was calculated by multiplying the number of bob calves
affected by the minimum of their lifespan or one year, then adding this to the
product of the number of special calves impacted and the minimum of their
lifespan and one year.
𝑁𝑜.  𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑀𝐴3 = (𝐵𝑜𝑏 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑀𝐴3) × 𝑚𝑖𝑛{𝐵𝑜𝑏 𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛.,  1}

+ (𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑀𝐴3) × 𝑚𝑖𝑛{𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛,  1}

● Total veal yrs. suffering avoided MA3 – The years of veal calf suffering that was
avoided byMassachusetts Question 3’s reforms, estimated to be 1.7 years with a
90-percentile range between zero and 10 years. This estimate was created by
multiplying the number of calf years affected by the assumed proportion of a veal
calf’s life spent in disabling-equivalent pain, then multiplying further by the
proportion of this pain that is avoided by banning the confining conditions
associated with individual stalls.
𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑙𝑓 ℎ𝑟𝑠.  𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3 = (𝑁𝑜.  𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑀𝐴3)

× (𝑃𝑟𝑜𝑝.  𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒 𝑖𝑛 𝑑𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑛) × (𝑃𝑟𝑜𝑝.  𝑣𝑒𝑎𝑙 𝑝𝑎𝑖𝑛 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑏𝑎𝑛 𝑜𝑛 𝑠𝑡𝑎𝑙𝑙𝑠)
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Breeding Sows

Sow numbers Calculations

This sub-section of the model computes the estimated number of sow-years impacted and
years of suffering reduced by Massachusetts Question 3. One complication is that
Massachusetts Question 3’s pork standards have been temporarily stayed pending the
outcome of the National Pork Producers Council v. Ross case at the Supreme Court of the
United States (Eyink and Lovells, 2022). Here, I make my calculations assuming that the
welfare requirements will eventually go into effect because of the May 11, 2023 decision in
California’s favor. I estimate that 270,000 years (220,000 to 330,000 years) of life will be
improved by the initiative over the four-year speed-up time, and 2,000 years (980 to
3,400 years) of disabling-equivalent pain will be averted.

● No. sows/yr involved in MA consumption – The number of breeding sows that are
involved in producing the pork products consumed byMassachusetts residents,
estimated to be 131,000 sows per year. This estimate was obtained by multiplying
the total U.S. pork consumption by the proportion of U.S. residents who lived in
Massachusetts in 2020. The estimate assumes that Massachusetts residents have the
same per-capita pork consumption as U.S. residents as a whole. I also assume that
the pork consumption of Massachusetts residents will not dramatically change
between 2020 and the date at which the standards take effect.

𝑁𝑜.  𝑠𝑜𝑤𝑠/𝑦𝑟 𝑖𝑛𝑣𝑜𝑙𝑣𝑒𝑑 𝑖𝑛 𝑀𝐴 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = (𝑈𝑆 𝑠𝑜𝑤𝑠 𝑡𝑜𝑡𝑎𝑙 2020) * 𝑀𝐴 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 2020
𝑈𝑆 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 2020

● No. sows/yr impacted MA3 – The number of sows per year whose welfare will be
impacted byMassachusetts Question 3’s ban on the sale of whole pork whose
production involves extreme confinement of breeding sows. I estimated this
number to be 68,000 sows per year with a range between 55,000 and 83,000 sows.
The estimate was obtained by 1) multiplying the number of sows involved in
Massachusetts’ pork consumption by the proportion of sows in traditional gestation
crates, 2) multiplying this result by the complement of the proportion of pork that is
exempt from Question 3, and 3) multiplying by the imports accuracy rate.
𝑁𝑜.  𝑠𝑜𝑤𝑠/𝑦𝑟 𝑖𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝑀𝐴3 = (𝑁𝑜.  𝑠𝑜𝑤𝑠/𝑦𝑟 𝑖𝑛𝑣𝑜𝑙𝑣𝑒𝑑 𝑖𝑛 𝑀𝐴 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛)

× (𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤𝑠 𝑖𝑛 𝑔𝑒𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑟𝑎𝑡𝑒𝑠) × (1 − 𝑃𝑟𝑜𝑝.  𝑝𝑜𝑟𝑘 𝑒𝑥𝑒𝑚𝑝𝑡 𝑀𝐴3 𝐶𝐴12)
× (𝑀𝐴3 𝐶𝐴 12 𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑅𝑎𝑡𝑒)

● No. sow years impacted MA3 – The years of improved life lived by sows who will be
impacted by Question 3’s reforms, estimated to be between 220,000 and 330,000
with an average estimate of 270,000 years of life. This parameter was simply the
number of sows impacted per year multiplied by the speed-up time, with an
adjustment for the possibility that breeding sows live less than one year on average.
𝑁𝑜.  𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝑀𝐴3 = (𝑁𝑜.  𝑠𝑜𝑤𝑠/𝑦𝑟 𝑖𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝑀𝐴3) × (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒) ×
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𝑚𝑖𝑛{1,  𝐿𝑖𝑓𝑒𝑠𝑝𝑎𝑛 𝑠𝑜𝑤}

● No. sow yrs. suffering avoided MA3 – The approximate number of years of
disabling-equivalent suffering that will be avoided byMassachusetts Question 3’s
breeding sow regulations, estimated to be 2,000 years with a range between 980
and 3,400 years. This estimate is the product of the number of sow years impacted,
the proportion of a sow’s life that is spent in suffering, and the proportion of that
suffering that is avoided by banning extremely confining conditions.
𝑁𝑜.  𝑠𝑜𝑤 𝑦𝑟𝑠.  𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3 = (𝑁𝑜.  𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝑀𝐴3) × (𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤 𝑙𝑖𝑓𝑒 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔)

× (𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑚𝑜𝑟𝑒 𝑟𝑜𝑜𝑚)

Summary of Massachusetts Question 3 Impact

Table 16 below shows the overall estimated reductions in suffering for egg-laying hens, veal
calves, and breeding sows that can be attributed to Massachusetts Question 3’s mandate that
all non-exempt animal products sold in-state meet the state’s welfare requirements. It also
includes the years of animal life lived by the animals who were/will be impacted.

Table 16: Massachusetts Question 3 – Summary of Impact

Animal Animal-years improved Years Suffering Avoided

Egg-laying hens 15 million (12 to 19 million) 530k (300k to 800k)

Veal calves 230 (0 to 1,400) 1.7 (0 to 10)

Breeding sows 270k (220k to 330k) 2,000 (980 to 3,400)

Unquestionably, the welfare impacts are driven by the requirement that all eggs sold in
Massachusetts be cage-free.

California Proposition 12 (2018) Analysis

Egg-Laying Hens

Domestic Eggs

Because California already had more stringent hen welfare regulations than many other
states, I separated domestically produced eggs from imported eggs in order to measure the
welfare impacts of California Proposition 12. The variables below relate to California’s
domestic egg industry.
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● CA hens 20-23 – The average annual number of egg-laying hens in California
during the period from 2020 through 2023. This statistic was calculated using
USDA data from October 2020 and October 2021, which lists California’s egg-laying
hen population as being 13.646 million and 13.793 million for that month in each
respective year (USDA, 2021). The average number of layers during these two
months was 13.719 million hens, so I assumed that the number of hens in California
each year during 2020 through 2023 would be normally distributed with a 90%
confidence of being between 13.3 and 14.1 million hens per year.

● Prop. CA hens CF – The proportion of hens in California that were raised in
cage-free aviaries as opposed to in enriched cages before the initiative took effect
in 2020, estimated to be normally distributed between 0.25 and 0.4 with 90%
confidence. This proportion was a reasonable guess. In 2020, a little under a quarter
of hens were cage-free in the United States as a whole according to the Welfare
Footprint Project (Welfare Footprint Project). I estimated that the proportion of
hens in California was likely a bit higher than that of the U.S. in general for three
reasons: 1) there might be a higher proportion of farms that decided to adopt
cage-free housing as a result of Proposition 2 despite it not being a requirement, 2)
consumer demand for cage-free eggs in California may have shifted a
disproportionate number of farms to produce these eggs, and 3) the welfare impact
estimates are more conservative if the proportion of cage-free eggs before the
Proposition takes effect is high.

Imported Eggs

This section estimates the number of eggs imported into California per year that come
from conventional cages and cage-free aviaries.

● CA egg imports/day – The average number of eggs imported into California each
day, estimated to be between 18 million and 28 million eggs per day with 80%
confidence. This estimate is based on three sources. First, a 2015 NBC News article
stated (without reference) that California imports about 20 million eggs per day
(Wells, 2015). Second, Politico writes that “according to the egg industry,” the state
imports 25 million eggs per day (Zimmerman, 2018).

Because these two sources were not of the highest quality (and potentially out of
date), I did a sanity check based on the California population and typical United
States egg consumption. If the typical American consumes 285 eggs per year, if
California’s population is about 39 million in 2020, and if the number of
California-produced eggs is about 4 billion per year (USDA 2021, p. 6), then I
estimate that the number of daily egg imports is around 20 million eggs. The
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calculation is shown in the equation below which subtracts annual domestic
production from estimated annual consumption and converts it to daily imports.

𝐶𝐴 𝑒𝑔𝑔 𝑖𝑚𝑝𝑜𝑟𝑡𝑠/𝑑𝑎𝑦 = [(𝐶𝐴 𝑝𝑜𝑝.  2020) × ( 𝐸𝑔𝑔𝑠
𝑝𝑒𝑟𝑠𝑜𝑛/𝑦𝑟 ) − ( 𝐶𝐴 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑒𝑔𝑔𝑠

𝑦𝑒𝑎𝑟 )]( 𝑦𝑒𝑎𝑟
365 𝑑𝑎𝑦𝑠 )

= [(39 × 106 𝑝𝑒𝑜𝑝𝑙𝑒) × ( 285 𝑒𝑔𝑔𝑠
𝑝𝑒𝑟𝑠𝑜𝑛/𝑦𝑟 ) − (4 × 109𝑒𝑔𝑔𝑠/𝑦𝑟)] 𝑦𝑒𝑎𝑟

365 𝑑𝑎𝑦𝑠( ) = 19. 4 𝑀 𝑒𝑔𝑔𝑠/𝑑𝑎𝑦 

This calculation is likely an underestimate of the imported eggs per day because it
assumes that all California-produced eggs are consumed in-state.20 With these three
estimates, I estimated with 80% confidence that the average number of eggs
imported into California per day is between 18 and 28 million eggs per day, with an
average estimate of 23 million imported eggs per day.

● Eggs imported/yr CA – The number of eggs imported into California per year,
estimated to be 8.4 billion eggs per year with a range between 5.8 and 10.8 billion
eggs per year. I obtained this estimate by multiplying the approximate number of
eggs imported per day by 365 days per year.

Finally, I estimated the number of eggs annually imported into California that come from
conventional cages and cage-free housing. To do this, I used the proportions of cage-free
hens from 2019 through 2023 to estimate the average proportion of hens that were
cage-free from 2020 through 2023. This assumes that typical U.S. eggs are representative
of California’s imported eggs and that conventionally caged hens and cage-free hens
produce the same number of eggs per year. The formulas used to calculate the egg imports
for each type of egg are below,21 and the estimates are in Table 17.

Conventional:

𝐶𝐶 𝑒𝑔𝑔𝑠 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑/𝑦𝑟 𝐶𝐴 = (𝐸𝑔𝑔𝑠 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑/𝑦𝑟 𝐶𝐴) × 1 −

1
2 (2019 𝐶𝐹 𝑝𝑟𝑜𝑝.)+

𝑌
𝑡
=2020

2022

∑ (𝑌
𝑡
 𝐶𝐹 𝑝𝑟𝑜𝑝.)+ 1

2 (2023 𝐶𝐹 𝑝𝑟𝑜𝑝.)( )
4

⎧
⎪

⎨⎪
⎩

⎫
⎪

⎬⎪
⎭

Cage-Free: 𝐶𝐹 𝑒𝑔𝑔𝑠 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑/𝑦𝑟 𝐶𝐴 = (𝐸𝑔𝑔𝑠 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑/𝑦𝑟 𝐶𝐴) − (𝐶𝐶 𝑒𝑔𝑔𝑠 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑/𝑦𝑟 𝐶𝐴)

21 The equation estimating the annual conventional egg imports works by estimating the
average annual proportion of imported eggs that are cage-free from 2019 through 2023.
Because this proportion was increasing over time, I chose to estimate the proportion of
cage-free eggs in any given year (say, 2020) as the average of the cage-free proportion from
the end of the prior year (here, 2019) and the end of the year in question (2020). Then, I
added these estimated “mid-year” cage-free proportions together over the period from
2020 through 2023, and divided the sum by four to get an average cage-free proportion.
Then, I subtract this proportion from 1 to get an estimated average proportion of
conventional eggs, and multiply by the annual imports. This yields an estimate for the
number of conventional eggs imported into California per year from 2020 through 2023.

20 California exports approximately 5% of its domestically produced eggs (CDFA 2020, pg.
14)
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Table 17: Annual California egg imports by housing type

Housing Type Estimated Imports (billion eggs/yr)

Conventional 5.7 (4 to 7.4)

Cage-Free 2.7 (1.8 to 3.4)

Egg-Laying Hen Numbers: 2020-2022

In this section, I estimate the number of egg-laying hens that go from being in
conventional cages to being in enriched cages and cage-free aviaries as a result of California
Proposition 12’s first stage of requirements. I also estimate the net number of egg-laying
hens benefitted, adjusting for the potential increase in hens if cage-free hens are less
productive than conventional hens. In this stage, all conventional producers needed to
transition to cages with similar space requirements as enriched cages, at a minimum.
However, to account for the possibility that some producers may switch all the way to
cage-free early, I also estimated the number of hens that went from conventional to
cage-free during this two-year period. My reasoning and parameters estimated are as
follows.

● CC hens affected/yr CA 20 to 22 – The annual number of hens in conventional cages
who were affected by California Proposition 12’s first stage of requirements,
estimated to be 19 million hens per year with a 90-percentile range between 13
and 25 million. This stage only banned conventional cages, so it only applied to
out-of-state eggs (since Proposition 2 banned conventional cages domestically). I
divided the estimated number of eggs imported into California that were from
conventional cages by the estimated number of eggs laid by a typical conventionally
caged hen per year and multiplied by the imports accuracy rate to arrive at the
number of hens in conventional cages who were affected.

𝐶𝐶 ℎ𝑒𝑛𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/𝑦𝑟 𝐶𝐴 20 𝑡𝑜 22 = 𝐶𝐶 𝑒𝑔𝑔𝑠 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑/𝑦𝑟 𝐶𝐴
𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟 × (𝑀𝐴3 𝐶𝐴12 𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑅𝑎𝑡𝑒)

● CC to EC hens/yr CA 20 to 22 –The approximate number of hens per year that went
from being in conventional to enriched cages during the first phase of California
Proposition 12’s implementation, estimated to be 17 million hens per year with a
90-percentile range between 12 and 23 million hens per year. The parameter was
computed by multiplying the number of conventionally housed hens affected per
year by the proportion of producers who switch from conventional to cage-free.
𝐶𝐶 𝑡𝑜 𝐸𝐶 ℎ𝑒𝑛𝑠/𝑦𝑟 𝐶𝐴 20 𝑡𝑜 22 = (𝐶𝐶 ℎ𝑒𝑛𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/𝑦𝑟 𝐶𝐴 20 𝑡𝑜 22) × (1 − 𝑃𝑟𝑜𝑝.  𝐶𝐶 𝑡𝑜 𝐶𝐹)

● CC to CF hens/yr CA 20 to 22 – The approximate number of hens per year that went
from being in conventional cages to cage-free during the first phase of California
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Proposition 12’s implementation. This parameter is estimated to be 1.6 million
hens per year with a 90-percentile range between 360 thousand and 4.0 million
hens per year, and it was computed by multiplying the number of conventionally
housed hens affected per year by the proportion of producers who switch from
conventional to cage-free.
𝐶𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛𝑠/𝑦𝑟 𝐶𝐴 20 𝑡𝑜 22 = (𝐶𝐶 ℎ𝑒𝑛𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/𝑦𝑟 𝐶𝐴 20 𝑡𝑜 22) × (𝑃𝑟𝑜𝑝.  𝐶𝐶 𝑡𝑜 𝐶𝐹)

● Total hen-years improved CA 20 to 22 – The net number of years of life lived by hens
who experienced improved welfare because of California Proposition 12 from
2020 through 2022, estimated to be 76 million hens with a 90-percentile range
between 53 and 100million hens. To calculate this, I first add the number of hens
who transitioned from conventional to enriched cages to the number of hens who
transitioned to cage-free aviaries (after adjusting for the potential increase in hens
due to differences in cage-free vs. caged hens’ productivity). Then, I multiplied the
number of improved life years lived each year by the speed-up time of four years:
𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐶𝐴 20 𝑡𝑜 22 = [(𝐶𝐶 𝑡𝑜 𝐸𝐶 ℎ𝑒𝑛𝑠/𝑦𝑟 𝐶𝐴 20 𝑡𝑜 22)

+ (𝐶𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛𝑠/𝑦𝑟 𝐶𝐴 20 𝑡𝑜 22) × (2 − 𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠)] × (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒)

Hen Welfare Impacts: 2020-2022

In this section, I estimate the number of years of pain avoided by California Proposition
12’s ban on eggs sold in the state between the start of 2020 and the end of 2021 that come
from hens in conventional cages. An example calculation for the years of excruciating pain
avoided by California Proposition 12’s 2020-2021 enriched-cage requirement is in the
equation below:
𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 𝑦𝑟𝑠.  𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴 20 𝑡𝑜 22 = (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒) × {[𝐶𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟)

− 𝐸𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟)] × (𝐶𝐶 𝑡𝑜 𝐸𝐶 ℎ𝑒𝑛𝑠/𝑦𝑟 𝐶𝐴 20 𝑡𝑜 22)
+ [(𝐶𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟))/(𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠) − 𝐶𝐹:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟)]
× (𝐶𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛𝑠/𝑦𝑟 𝐶𝐴 20 𝑡𝑜 22)}

As with the other initiatives, I estimated the years of “suffering-equivalent pain” endured by
these hens by taking the sum of years of each type of pain avoided, weighted by its
respective severity. I also adjust the welfare impacts on hens who transition to cage-free
settings by the potential increase in the number of hens needed to produce the same
quantity of eggs. The total suffering-equivalent pain reduction was estimated to be
between 1.2 and 3.6 million years with an average estimate of 2.3 million years of
suffering reduced from 2020 through 2021. Table 18 below displays the resulting
estimates.
𝐻𝑒𝑛 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑦𝑟𝑠.  𝑝𝑎𝑖𝑛 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴 20 𝑡𝑜 22

=
𝑖∈𝑆
∑ (𝑊𝑒𝑖𝑔ℎ𝑡:  𝑖) × (𝑃𝑎𝑖𝑛 𝑦𝑟𝑠.  𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴 20 𝑡𝑜 22,  𝑖)

for 𝑆 = {𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔,  𝐷𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔,  𝐻𝑢𝑟𝑡𝑓𝑢𝑙,  𝐴𝑛𝑛𝑜𝑦𝑖𝑛𝑔}
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Table 18: California Proposition 12, 2020-22 hen pain reduction estimates

Pain Type Lower Bound
(yrs.)

Average
Estimate (yrs.)

Upper Bound
(yrs.)

Weight

Excruciating -69 51 190 5

Disabling 0.87 million 1.4 million 2.1 million 1

Hurtful 0.60 million 5.2 million 11 million 0.15

Annoying -3.7 million 4.3 million 12 million 0.01

Suffering-equivalent
pain

1.2 million 2.3 million 3.6 million 1

Hen Numbers: After 2022

In this section, I estimate the number of years lived by hens whose welfare was improved
by the second stage of Proposition 12’s requirements, namely, that all eggs sold in
California be from cage-free hens. By December 31, 2021, all of the eggs sold in the state
must have been from hens in cage-free aviaries. Therefore, the cage-free requirement
applied equally to domestically produced and imported eggs and only to eggs that were
from enriched cages. I quantify the total number of hens affected by this change in the
calculations below.

● Imports EC hens affected/yr after 22 – The annual number of out-of-state hens
impacted by the mandate that eggs come from cage-free environments rather
than enriched cages. This parameter is estimated to be 17 million hens per year
with a range between 12 million and 23 million. The number of eggs that are
affected equals the number of conventionally caged eggs that were imported
annually before stage one of Proposition 12 took effect but subtracting out the
portion that switched to being cage-free early. Then, I divided this estimate of the
total number of eggs imported into California that came from enriched cages by the
average number of eggs laid per hen (assuming the laying period is the same for
hens in conventional and enriched cages). Finally, I multiplied by the imports
accuracy rate to get the approximate number of hens in enriched cages whose
welfare was affected by the cage-free requirement.

𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝐸𝐶 ℎ𝑒𝑛𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/𝑦𝑟 𝑎𝑓𝑡𝑒𝑟 22 = (𝐶𝐶 𝑒𝑔𝑔𝑠 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑/𝑦𝑟 𝐶𝐴)*(1−𝑃𝑟𝑜𝑝. 𝐶𝐶 𝑡𝑜 𝐶𝐹)
𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟

× (𝑀𝐴3 𝐶𝐴12 𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑅𝑎𝑡𝑒)
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● Domestic EC hens affected/yr after 22 – The approximate annual number of hens in
California that were in enriched cages yet had to transition to being in cage-free
housing, estimated to be 8.8 million hens each year with a range between 7.7 and
10 million hens per year. This estimate was created by multiplying the approximate
number of hens in California each year by the complement of the proportion of
hens that are cage-free and the domestic compliance rate.
𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝐸𝐶 ℎ𝑒𝑛𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/𝑦𝑟 𝑎𝑓𝑡𝑒𝑟 22 = (𝐶𝐴 ℎ𝑒𝑛𝑠 20 𝑡𝑜 23)

× (𝑀𝐴3 𝐶𝐴12 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑅𝑎𝑡𝑒) × (1 − 𝑃𝑟𝑜𝑝.  𝐶𝐴 ℎ𝑒𝑛𝑠 𝐶𝐹)

● EC hens affected/yr after 22 – The annual total number of hens in enriched cages
who were impacted by California’s cage-free requirement, estimated to be
between 21 million and 32 million with an average estimate of 26 million. The
total number of hens was the sum of the number of hens impacted in-state and
out-of-state:
𝑇𝑜𝑡𝑎𝑙 𝐸𝐶 ℎ𝑒𝑛𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/𝑦𝑟 𝑎𝑓𝑡𝑒𝑟 22 = 𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝐸𝐶 ℎ𝑒𝑛𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/𝑦𝑟 𝑎𝑓𝑡𝑒𝑟 22

+ 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝐸𝐶 ℎ𝑒𝑛𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/𝑦𝑟 𝑎𝑓𝑡𝑒𝑟 22 
● Total hen years affected CA after 22 – The total number of years lived by hens who

were impacted by California Proposition 12, estimated to be 105 million hen years
with a 90-percentile range between 82 million and 130million hen years. This
estimate was calculated by multiplying the number of hens in enriched cages
affected each year by the minimum of one year or a caged hen’s laying period, then
multiplying the result by the speed-up time of four years.
𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴 𝑎𝑓𝑡𝑒𝑟 22 = (𝑇𝑜𝑡𝑎𝑙 𝐸𝐶 ℎ𝑒𝑛𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/𝑦𝑟 𝑎𝑓𝑡𝑒𝑟 22)

× 𝑚𝑖𝑛{𝐶𝐶 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑙𝑎𝑦𝑖𝑛𝑔,  1} × (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒)

● Hens improved/yr CA after 22 – The annual number of years lived by hens who
experienced improved welfare due to California’s cage-free requirements,
estimated to be 25 million hen-years per year with a 90-percentile range between
18 and 32 million. I estimated this by adjusting the number of enriched cage hens
who were affected by the cage-free mandate for the potential decline in productivity
per hen as a result of the transition, using the equation below as described in the
Appendix.
𝐻𝑒𝑛𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/𝑦𝑟 𝐶𝐴 22 𝑡𝑜 24 = (𝐸𝐶 ℎ𝑒𝑛𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/𝑦𝑟 𝐶𝐴 𝑎𝑓𝑡𝑒𝑟 22) × (2 − 𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠)

● Total hen years improved CA after 22 – The net number of years of improved life
experienced by hens as a result of California’s cage-free mandate on all eggs sold,
estimated to be 100million years with a 90-percentile range between 73 and 130
million years. This parameter was estimated by multiplying the annual number of
years of improved life by the speed-up time of four years.
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Hen Welfare Impacts: After 2022

In this section, I estimate the number of years of hen pain avoided by California
Proposition 12’s mandate that all eggs sold in the state after the start of 2022 be cage-free.
An example calculation for the years of excruciating pain avoided by California Proposition
12’s after-2022 cage-free requirement is in the equation below:
𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 𝑦𝑟𝑠.  𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴 𝑎𝑓𝑡𝑒𝑟 22 = (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒) ×

[(𝐸𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟))/(𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠)
− 𝐶𝐹:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟)] × (𝐸𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛𝑠/𝑦𝑟 𝐶𝐴 𝑎𝑓𝑡𝑒𝑟 22)

Here, I assume that hens in enriched cages are equally as productive as hens in
conventional cages in my adjustment for differential productivity between caged and
cage-free hens.

As with the other initiatives, I estimated the reduction in years of “suffering-equivalent
pain” endured by these hens by taking the sum of years of each type of pain reduced,
weighted by its respective severity. The total suffering-equivalent pain reduction was
estimated to be between -840 thousand and 1.8 million years with an average estimate of
390 thousand years of suffering reduced after 2022. Table 20 below displays the resulting
estimates.

𝐻𝑒𝑛 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑦𝑟𝑠.  𝑝𝑎𝑖𝑛 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴 𝑎𝑓𝑡𝑒𝑟 22 =
𝑖∈𝑆
∑ (𝑊𝑒𝑖𝑔ℎ𝑡:  𝑖) × (𝑖 𝑝𝑎𝑖𝑛 𝑦𝑟𝑠.  𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴 𝑎𝑓𝑡𝑒𝑟 22)

for 𝑆 = {𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔,  𝐷𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔,  𝐻𝑢𝑟𝑡𝑓𝑢𝑙,  𝐴𝑛𝑛𝑜𝑦𝑖𝑛𝑔}

Table 20: California Proposition 12, after-2022 hen pain reduction estimates

Pain Type Lower Bound
(yrs.)

Average
Estimate (yrs.)

Upper Bound
(yrs.)

Weight

Excruciating -360 -120 110 5

Disabling -1.0 million -500 thousand 100 thousand 1

Hurtful -2.7 million 4.4 million 12 million 0.15

Annoying 10 million 22 million 35 million 0.01

Suffering-equivalent
pain

-840 thousand 390 thousand 1.8 million 1

The changes in excruciating, disabling, and hurtful pain were not significantly different
from zero when cage-free housing replaced all formerly enriched cage housing (the
90-percentile range includes zero for both pain types). Moreover, the significant reductions
in annoying pain were not large enough to make the transition from enriched cages to
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cage-free aviaries decisively better for hen welfare, once I adjusted for the decreased
productivity of cage-free hens.

Total Hen Welfare Impacts

Over four years, I estimate that hens experienced 180million years (130 to 230million
years) of improved well-being because of California Proposition 12’s ban on sales of eggs
from conventionally caged hens and their later cage-free housing mandate. This estimate
was made by summing the total years of improved hen welfare from the first and second
stages of the Proposition.
𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐶𝐴12 = 𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐶𝐴 20 𝑡𝑜 22

+ 𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐶𝐴 𝑎𝑓𝑡𝑒𝑟 22

Table 21 below shows the estimated sum total of each type of hen pain avoided by
Proposition 12 over four years of impact from 2020 through 2023. Included is an estimate
for the reduction in disabling-equivalent pain using the assumed weights for each pain
type.

In total, California Proposition 12 was estimated to avoid 2.7 million years of hen
suffering, with a 90-percentile range between 1.2 million and 4.4 million years of pain.
This large reduction in suffering was mostly driven by the large amounts of hurtful and
disabling pain that were avoided by the Proposition.

Table 21: Total hen welfare impacts from California Proposition 12

Pain Type Lower Bound
(yrs.)

Average
Estimate (yrs.)

Upper Bound
(yrs.)

Weight

Excruciating -300 -73 130 5

Disabling 0.20 million 0.95 million 1.7 million 1

Hurtful 2.8 million 9.6 million 18 million 0.15

Annoying 14 million 26 million 40 million 0.01

Suffering-equivalent
pain

1.2 million 2.7 million 4.4 million 1

Veal Calves

In this section, I estimated the welfare benefits of California Proposition 12’s minimum
space requirements for veal calves whose meat was sold in the state. One critical
assumption is that most veal calves were confined to enclosures smaller than 43 square feet
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in size even after a complete transition to housing wherein they were not tethered and
could lie down, turn around, and stretch out. If this assumption is correct, an estimated
58,000 calf life-years will have been improved (30,000 to 92,000 life years) and 200
years (90-percentile range of 54 to 500 years) of veal calf suffering will have been
avoided over the four-year speed-up time. In an absolute sense, California’s veal calf
requirements are more impactful than other ballot initiatives’ veal calf laws. However, the
impacts are still quite small compared to those for breeding sows and, most importantly,
egg-laying hens, due to the small size of the veal calf industry.

Veal Inputs

This section outlines the assumptions I made in estimating the welfare impacts of
California Proposition 12 on veal calves over the period of 2020 through 2023.

● Prop. calves affected CA12 – The proportion of veal calves who were impacted by
California Proposition 12’s requirement that all calves have a minimum of 43
square feet of usable floor space. I assume without any evidence that the proportion
of calves who were raised with at least 43 square feet of floor space before
Proposition 12 is a lognormally distributed random variable with an 80% confidence
interval between 0.03 and 0.20. Then, the proportion of calves who were affected is
the complement of this random variable. My reasoning was that, because we
assumed that all extremely confining stalls were eliminated by the end of 2017, at
least some of the calves would now be in sufficiently large housing arrangements
that meet California Proposition 12’s requirements. However, because of the
pressures to economize on space, I guessed that this proportion of producers that
give more than 43 square feet (about 6 ft. by 7 ft.) to veal calves would be small.
Givenmy great uncertainty, the proportion of calves who are affected by
California 12 is estimated to be between 0.78 and 0.98 with an average estimate
near 0.9.

● Prop. calf life in disabling pain CA12 – The proportion of a veal calf’s life that is spent
in disabling pain before California Proposition 12 is applied, estimated to be 0.039
with a 90-percentile range between 0.034 and 0.045. This estimate was the
product of the estimated proportion of a calf’s life that is spent in disabling pain
when it cannot turn around, lie down, or stretch. In using the same number, I am
assuming that the majority of veal consumed in California was not already subject to
the welfare reforms from Proposition 2.
𝑃𝑟𝑜𝑝.  𝑐𝑎𝑙𝑓 𝑙𝑖𝑓𝑒 𝑖𝑛 𝑑𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 𝐶𝐴12 = (𝑃𝑟𝑜𝑝.  𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒 𝑖𝑛 𝑑𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑛)

● Prop. calf reduction in disabling pain CA12 – The proportion of the
disabling-equivalent pain experienced by a veal calf that is alleviated by a
requirement that all calves be housed in areas with at least 43 square feet of space.
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This was assumed to be equal to the proportion of pain relieved when extremely
small stalls and tethering were banned, with a 90% confidence interval of 0.10 to
0.30. This estimate is slightly conservative: mandating a minimum of 43 square feet
would plausibly reduce more pain than the previous reforms by allowing for even
more freedom of movement.

Veal Numbers Calculations

In this section, I estimate the number of calves of each type affected by Proposition 12, as
well as the total number of years lived by calves who were impacted. In total, California
Proposition 12 affected about 58,000 years (30,000 to 92,000 years) of veal calf life over
the assumed four years of impact. Under the assumptions from the previous section, this
translates to approximately 420 years of suffering avoided with a 90-percentile range
between 170 and 790 years. Though non-zero, this estimate is quite small, most likely due
to the short lives of veal calves and the small size of the industry. However, the initiative
impacted 10 times as many calves and reduced over five times as much suffering as
California Proposition 2 because it had stricter space requirements and applied them to
imported veal.

Throughout these calculations, I assume that the proportion of a veal calf’s life spent in
suffering pain is equal for bob and special-fed calves, and that the pain reductions as a
result of the increased space requirements are roughly the same, too.

● CA veal (lbs/yr) – The approximate weight of veal meat consumed by Californians
annually, estimated to be 9.9 million pounds with a 90-percentile range between
5.7 and 14 million. I estimated the state’s veal consumption by multiplying the
annual United States veal consumption by the proportion of United States residents
who live in California. In doing so, I assume that Californians do not differ from the
average American in their veal consumption patterns. I am also assuming that
Americans’ veal consumption has not changed dramatically since 2011 and 2018
(when the data for per-capita veal consumption was measured). The formula used in
this calculation is below:

𝐶𝐴 𝑣𝑒𝑎𝑙 (𝑙𝑏𝑠/𝑦𝑟) = (𝑈𝑆 𝑣𝑒𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑/𝑦𝑟) × ( 𝐶𝐴 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 2018
𝑈𝑆 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 2018 )

● No. calves consumed CA annually – The approximate number of veal calves
consumed by Californians annually, estimated to be 52,600 with a 90-percentile
range between 30,100 and 78,200 calves. This estimate was made by dividing
California’s estimated annual veal consumption by the weighted average yield of
meat that comes off of a typical veal calf.

𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝐶𝐴 = 𝐶𝐴 𝑣𝑒𝑎𝑙 (𝑙𝑏𝑠/𝑦𝑟)
𝐴𝑣𝑔. 𝑤𝑡. 𝑚𝑒𝑎𝑡 𝑝𝑒𝑟 𝑐𝑎𝑙𝑓 (𝑙𝑏𝑠)
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● No. calves affected CA12 – The number of calves whose welfare was affected by
California Proposition 12 over the period from 2020 through 2023, estimated to
be 180,000 with a range between 100,000 and 280,000 calves. To calculate this, I
first multiplied the number of calves consumed by Californians per year by the
proportion of calves who are affected by California’s requirements, assuming perfect
accuracy in determining which imports were compliant. Then, I multiplied this
annual impact estimate by the speed-up time and the imports accuracy rate to get
the overall estimated number of calves who were impacted by the initiative. (This is
conflating both the domestic compliance and imports accuracy rates, as I don’t have
a way of distinguishing between California-produced and imported veal. I assume
that most veal consumed in California is imported. However, if the domestic
compliance significantly differs from the imports accuracy rates, and a large portion
of veal consumed in California is produced domestically, then an alternative
method of estimation would be needed.)
𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12 = (𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝐶𝐴 𝑎𝑛𝑛𝑢𝑎𝑙𝑙𝑦) × (𝑃𝑟𝑜𝑝.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12)

× (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒) × (𝑀𝐴3 𝐶𝐴12 𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑅𝑎𝑡𝑒)

● No. bob calves affected CA12 – The approximate number of bob veal calves whose
welfare was impacted by California Proposition 12, estimated to be 27,000 calves
(14,000 to 43,000 calves) by multiplying the total number of calves affected by the
proportion which are raised for bob veal.
𝑁𝑜.  𝑏𝑜𝑏 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12 = (𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12) × (𝐵𝑜𝑏 𝑣𝑒𝑎𝑙 𝑝𝑟𝑜𝑝.) 

● No. special calves affected CA12 – The number of special-fed veal calves who were
impacted by Proposition 12, estimated to be 150,000 with a 90-percentile range
between 85,000 and 230,000 by multiplying the number of calves affected by the
special veal proportion.
𝑁𝑜.  𝑠𝑝𝑒𝑐𝑖𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12 = (𝑁𝑜.  𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12) × (𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑣𝑒𝑎𝑙 𝑝𝑟𝑜𝑝.)

● No. calf-years affected CA12 – The total number of years lived by veal calves whose
welfare was impacted by California Proposition 12, estimated to be 58,000 years
with a range between 30,000 and 92,000 years. Because each type of veal calf lives
a different length of time, I first multiplied the number of calves affected for each
type of calf by the minimum of one year or its lifespan to get the number of years of
life lived by bob and special-fed calves. Then, I summed these numbers together to
get the total number of years of calf life affected.
𝑁𝑜.  𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12 = (𝑁𝑜.  𝑏𝑜𝑏 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12) × 𝑚𝑖𝑛{𝐵𝑜𝑏 𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛,  1}

+ (𝑁𝑜.  𝑠𝑝𝑒𝑐𝑖𝑎𝑙 𝑐𝑎𝑙𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12) × 𝑚𝑖𝑛{𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑣𝑒𝑎𝑙 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛,  1}

● Total calf yrs. suffering avoided CA12 – The total number of years of calf suffering that
was avoided by California Proposition 12, estimated to be 420 years (90-percentile
range between 170 years and 790 years) by multiplying the number of calf-years
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affected by the proportion of a calf’s life spent in disabling pain and the proportion
of such pain that is reduced by the requirement that calves have at least 43 square
feet of space.
𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑙𝑓 𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12 = (𝑁𝑜.  𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12)

× (𝑃𝑟𝑜𝑝 𝑐𝑎𝑙𝑓 𝑙𝑖𝑓𝑒 𝑖𝑛 𝑑𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 𝐶𝐴12) × (𝑃𝑟𝑜𝑝 𝑐𝑎𝑙𝑓 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑑𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 𝐶𝐴12)

Breeding Sows

Sow Inputs

Currently, there is a stay on the sow welfare standards because of the NPCC v. Ross case
against California that was not decided until May of 2023 (Flynn, 2022). However, because
SCOTUS upheld Proposition 12, I assume that the breeding sow welfare standards will go
into effect, and I estimate the number of breeding sows whose lives will be improved as a
result.

In these calculations, I differentiate between the effects on sows living in California versus
those whose meat is produced outside of the state. This in-state versus out-of-state
consideration was necessary because the domestic sows would have been living in better
conditions than those out-of-state because of Proposition 2’s reforms years earlier. (In
reality, however, the tiny fraction of pork that is produced in California makes the in-state
effects of Proposition 12 negligible.) The variables and their estimates are as follows.

● Prop. CA pork imported – The proportion of pork purchased in California that is
imported, assumed to be uniformly distributed between 0.990 and 0.999. When
estimating this figure, I found a Reuters article that states that, according to
“industry officials,” approximately “87% of pork sold in California comes from pigs
raised outside the state” (Polansek, 2022). However, many other news articles (listed
below in Table 22) offered an estimate of 99% or more, but none linked to any
studies and most were from industry-affiliated websites. One article, in MinnPost,
stated that this estimate came from a report written by North Carolina State
University agricultural economist Barry Goodwin, but I could not find this report by
googling either “Barry Goodwin prop 12” or Goodwin’s name with selected quotes
that MinnPost cites from his article.

Because of the large difference between 87% and 99%, I decided to do a
back-of-the-envelope calculation to see which made more sense. As previously
noted, the average number of breeding sows in California from 2015 through 2018
was about 5500±400, whereas there were about 6.1 million breeding sows in the
United States in 2020. I assume 1) that the numbers of sows in California and in the
United States were each roughly constant from 2015 to 2020, 2) that the fraction of
the U.S.’s total pork consumption imported by a state is equal to the ratio of the
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state’s population to the U.S. population, 3) that the ratio of pork produced in a state
to the pork produced in the U.S. overall is equal to the ratio of breeding sows in that
state to the number in the U.S. as a whole, and 4) that nothing substantial changes in
these proportions by the time that the standards go into effect. Using these breeding
sow population numbers, the above assumptions, and the equation below, I estimate
that about 99.5%±0.5% of California’s pork is imported. This means that the
99-percent (or more) figure in the majority of articles was likely accurate and that
there is a mild amount of evidence to support my estimation.

𝑃𝑟𝑜𝑝.  𝐶𝐴 𝑝𝑜𝑟𝑘 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑 = 1 − 𝐴𝑣𝑔. 𝑠𝑜𝑤𝑠 𝑝𝑒𝑟 𝑦𝑟. 𝐶𝐴2
(𝐶𝐴 𝑝𝑜𝑝. 2020/𝑈𝑆 𝑝𝑜𝑝. 2020)×(𝑈𝑆 𝑠𝑜𝑤𝑠 𝑡𝑜𝑡𝑎𝑙 2020) = 1 − 5500±400 𝑠𝑜𝑤𝑠

(39.4𝑀/330𝑀)×(6.1𝑀 𝑠𝑜𝑤𝑠)

Table 22: Stated proportion of California’s pork consumed that is imported

Article Percent Imports (%)

Polansek, 2022 87

Baise, 2022 99.87

Hurst, 2021 99.87

Kaul, 2021 99.88

California Pork Producers Association more than 99

● CA sows affected CA12– The proportion of sows housed in California who have less
than 24 square feet of usable floor space each and will be affected by California
Proposition 12’s regulations. This was assumed to be normally distributed between
0.2 and 0.7 with 80% confidence, and is based on a pure guess. I figured that, after
Proposition 2’s implementation, around half of California’s sows would have under
24 square feet of space (in <4 ft. x <6 ft. pens, for example) and still be able to turn
around, stretch their limbs, and lie down. However, I am highly uncertain.

● Prop. US sows affected CA12 – The proportion of sows in the United States who will
be affected by California Proposition 12’s 24 square-foot per breeding sow
requirement, estimated to be between 0.70 and 0.95 with 90% confidence. The
lower bound on this estimate is the mean of the assumed distribution of the
proportion of sows in non-compliant gestation crates minus 0.05 (to be safe). Since
the typical gestation crate measures 14 square feet in area (Center for Animal
Welfare) and since no sow in such a gestation crate would meet the California
Proposition 12 requirements, I felt that this would be a reasonable lower bound on
the proportion affected by Proposition 12. The upper bound of 0.95 is a guess, but I
would assume that a small-but-non-zero fraction of sows nationally inhabit better
conditions than the minimum California standard.
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● Prop. life suffering CA sows – The proportion of life that a sow housed in California
spends in disabling-equivalent pain, estimated to be 0.032 with a 90-percentile
range between 0.026 to 0.038. To calculate this, I multiplied the proportion of a
sow’s life that is spent in disabling pain if it is in housing similar to a gestation crate
by one minus the proportion of suffering that is reduced by banning conditions
similar to those experienced in gestation crates. This method estimates the
remaining suffering that sows experience after the California Proposition 2 reforms,
and can thus estimate the starting amount of pain experienced by a California sow at
the start of California Proposition 12’s activation.
𝑃𝑟𝑜𝑝.  𝐶𝐴 𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑠𝑜𝑤 𝑙𝑖𝑓𝑒 𝑖𝑛 𝑑𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 

= 𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤 𝑙𝑖𝑓𝑒 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 * (1 − 𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑚𝑜𝑟𝑒 𝑟𝑜𝑜𝑚)

● Prop. CA sow suffering reduced – The proportion of disabling-equivalent pain that a
sow housed in California experiences which is avoided by California 12’s reforms.
This proportion is estimated to be lognormally distributed between 0.05 and 0.2
with 80% confidence, creating an average estimate of 0.12. This is a partial guess,
and I set it equal to the proportion of veal calf suffering that would be reduced by
California Proposition 12. Similar to veal calves, I estimate that the reduction in
disabling-equivalent pain going from the California Proposition 2 standards to the
Proposition 12 standards is non-trivial but still less than the amount of suffering
avoided by banning crates that prevent sows from turning around, stretching, or
lying down (as was done in Proposition 2). In effect, I assume that the Proposition 12
reforms are about two-thirds as effective in reducing disabling pain as the reforms
banning housing that prevents basic mobility altogether.

Sow Calculations

In this section, I estimate the total number of years of improved well-being that will be
caused by California Proposition 12’s reforms for breeding sows. The results are in Table 23
below.

First, I estimated the total amount of pork consumed in California per year based on 2020
data on California’s and the United States’ population sizes plus the amount of pork
consumed nationwide.

𝑇𝑜𝑡𝑎𝑙 𝐶𝐴 𝑝𝑜𝑟𝑘 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 = (𝑈𝑆 𝑝𝑜𝑟𝑘 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛) × 𝐶𝐴 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 2020
𝑈𝑆 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 2020( ) 

Second, I used the estimated proportion of California’s pork that is imported to estimate
the total weight of pork consumed from imported and domestic pigs:
𝐼𝑚𝑝𝑜𝑟𝑡𝑒𝑑 𝐶𝐴 𝑝𝑜𝑟𝑘 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑  = (𝑇𝑜𝑡𝑎𝑙 𝐶𝐴 𝑝𝑜𝑟𝑘 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑) * (𝑃𝑟𝑜𝑝.  𝐶𝐴 𝑝𝑜𝑟𝑘 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑) 
𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝐶𝐴 𝑝𝑜𝑟𝑘 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 = (𝑇𝑜𝑡𝑎𝑙 𝐶𝐴 𝑝𝑜𝑟𝑘 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑) * (1 − 𝑃𝑟𝑜𝑝.  𝐶𝐴 𝑝𝑜𝑟𝑘 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑)
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Third, I estimated the number of sows that will be impacted each year by Proposition 12.
This procedure involved, first, estimating the number of sows involved in California’s
domestic/imported pork consumption by multiplying the total number of breeding sows
in the United States in 2020 by the estimated ratio of California’s domestic/imported pork
consumption to the overall U.S. pork consumption. Second, I multiplied this result by the
assumed proportion of sows that will be impacted by the Proposition (which differs, as
previously discussed, between imports and domestic production), as well as by the
complement of the proportion of pork that is exempt from Proposition 12’s requirements
and the imports accuracy rate or the domestic compliance rate. The latter two calculations
convert from the number of sows involved in Californians’ imported/domestically
produced pork consumption to the number of sows who will actually be affected by the
welfare regulations.

The sum of the number of sows impacted by out-of-state and domestic production is the
estimated annual number of sows impacted by California Proposition 12.

𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝑠𝑜𝑤𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12/𝑦𝑟 = (𝑈𝑆 𝑠𝑜𝑤𝑠 𝑡𝑜𝑡𝑎𝑙) × 𝐼𝑚𝑝𝑜𝑟𝑡𝑒𝑑 𝐶𝐴 𝑝𝑜𝑟𝑘 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑/𝑦𝑟
𝑈𝑆 𝑝𝑜𝑟𝑘 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛( )

× (𝑃𝑟𝑜𝑝.  𝑈𝑆 𝑠𝑜𝑤𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12) × (1 − 𝑃𝑟𝑜𝑝.  𝑝𝑜𝑟𝑘 𝑒𝑥𝑒𝑚𝑝𝑡 𝑀𝐴3 𝐶𝐴12)
× (𝑀𝐴3 𝐶𝐴12 𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑅𝑎𝑡𝑒)

𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑠𝑜𝑤𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12/𝑦𝑟 = (𝑈𝑆 𝑠𝑜𝑤𝑠 𝑡𝑜𝑡𝑎𝑙) × 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝐶𝐴 𝑝𝑜𝑟𝑘 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑/𝑦𝑟
𝑈𝑆 𝑝𝑜𝑟𝑘 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛( )

× (𝑃𝑟𝑜𝑝.  𝐶𝐴 𝑠𝑜𝑤𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12) × (1 − 𝑃𝑟𝑜𝑝.  𝑝𝑜𝑟𝑘 𝑒𝑥𝑒𝑚𝑝𝑡 𝑀𝐴3 𝐶𝐴12)
× (𝑀𝐴3 𝐶𝐴12 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑅𝑎𝑡𝑒)

𝑇𝑜𝑡𝑎𝑙 𝑠𝑜𝑤𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑏𝑦 𝐶𝐴 /𝑦𝑟 = 𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝑠𝑜𝑤𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12/𝑦𝑟 + 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑠𝑜𝑤𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12/𝑦𝑟

Fourth, I calculated the number of years of sow life affected by Proposition 12 for in-state
and out-of-state production by multiplying the number of animals affected per year by the
speed-up time (four years) and then adjusting for the possibility that breeding sows could
live under one year on average. The total number of sow years affected is the sum of the
respective values for imports and in-state production.
𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12 = (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒) × (𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝑠𝑜𝑤𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12/𝑦𝑟)

× 𝑚𝑖𝑛 1,  𝐿𝑖𝑓𝑒𝑠𝑝𝑎𝑛 𝑠𝑜𝑤{ }
𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12 = (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒) × (𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑠𝑜𝑤𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12/𝑦𝑟)

× 𝑚𝑖𝑛 1,  𝐿𝑖𝑓𝑒𝑠𝑝𝑎𝑛 𝑠𝑜𝑤{ }
𝑇𝑜𝑡𝑎𝑙 𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12 = 𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12 + 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12 

Fifth, I estimated the number of years of suffering avoided on behalf of in-state and
out-of-state breeding sows by 1) multiplying the total number of years affected by the
proportion of a sow’s life spent in disabling-equivalent suffering to get years of suffering
per year lived, and 2) multiplying the years of suffering by the proportion of suffering that
is estimated to be alleviated by California Proposition 12’s reforms (which differs for
domestic and imported pork). The total number of years of suffering avoided is the sum of
the values for imports and domestic pork.
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𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝑠𝑜𝑤 𝑦𝑟𝑠.  𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12 = (𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12)
× (𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤 𝑙𝑖𝑓𝑒 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔) × (𝑃𝑟𝑜𝑝.  𝑠𝑜𝑤 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑚𝑜𝑟𝑒 𝑟𝑜𝑜𝑚) 

𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑠𝑜𝑤 𝑦𝑟𝑠.  𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12 = (𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12)
× (𝑃𝑟𝑜𝑝.  𝑙𝑖𝑓𝑒 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝐶𝐴 𝑠𝑜𝑤𝑠) × (𝑃𝑟𝑜𝑝.  𝐶𝐴 𝑠𝑜𝑤 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑟𝑒𝑑𝑢𝑐𝑒𝑑) 

𝑇𝑜𝑡𝑎𝑙 𝑠𝑜𝑤 𝑦𝑟𝑠.  𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12 = 𝐼𝑚𝑝𝑜𝑟𝑡𝑠 𝑠𝑜𝑤 𝑦𝑟𝑠.  𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12
+ 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑠𝑜𝑤 𝑡𝑟𝑠.  𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12

Table 23: California Proposition 12 breeding sow welfare impacts

Imported Sows Domestic Sows Total

Pork consumed
annually (lbs./yr)

2.6B (2.6B to 2.6B) 14.3M (4M to 25M) 2.6B (2.6B to 2.6B)

Sows affected
annually

420K (320K to 530K) 1,200 (210 to
2,900)

420K (320K to 540K)

Sow-years affected 1.7M (1.3M to 2.1M) 5.0K (840 to 12K) 1.7M (1.3M to 2.1M)

Years suffering
avoided

12K (6.4K to 21K) 19 (2.3 to 65) 12K (6.4K to 21K)

In total, I estimate that Proposition 12 will improve 1.7 million years (1.3 to 2.1 million years)
of breeding sows’ lives and alleviate approximately 12,000 (6,400 to 21,000) years of
suffering over the assumed four-year speed-up period once fully taking effect. Almost all of
these impacts are due to the initiative applying to all whole pork meat sold in the state,
rather than merely applying to domestic production.

Summary of California Proposition 12 Impact

Table 24 below shows the overall estimated reductions in suffering for egg-laying hens, veal
calves, and breeding sows that can be attributed to California Proposition 12’s mandate that
all non-exempt animal products sold in-state meet the state’s welfare requirements. It also
displays the number of years lived by the animals who were/will be impacted.

Table 24: California Proposition 12 – Summary of Impact

Animal Animal-Years Impacted Years Suffering Avoided

Egg-laying hens 180M (130M to 230M) 2.7M (1.4M to 4.4M)

Veal calves 58K (31K to 95K) 420 (170 to 790)

Breeding sows 1.7M (1.3M to 2.1M) 12K (6.4K to 21K)
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While the sow welfare reforms likely will have much more impact than the veal calf
reforms, the egg-laying hen requirements again improve the lives of many more animals
each year and cause about a two orders of magnitude greater reduction in suffering.

Corporate Campaign Estimates

In this section, I translate the corporate campaign cost-effectiveness for egg-laying hens
calculated by Saulius Šimčikas in his 2019 report “Corporate campaigns affect 9 to 120
years of hen life per dollar spent” into 1) the net number of hens whose lives are improved
per dollar (adjusting for differential productivity) and 2) time-of-suffering-avoided
equivalents, also adjusting for differential productivity (Šimčikas, 2019).

In his report and associated Guesstimate model, Šimčikas estimates that approximately 55
hen-years are affected per dollar spent on campaigns that lobby corporations to purchase
or produce only cage-free eggs, with a 90-percentile range between 13 hen-years and 160
hen-years (from the Guesstimate model associated with Šimčikas, 2019). This estimate
assumes a period of impact that is lognormally distributed between 4.2 and 40 years with
90% confidence, resulting in a mean period of impact of 15 years. Thus, on an annual basis,
corporate campaigns impact approximately 3.6 hens per year per dollar (with a
90-percentile range between 1.9 and 6.2 hens per year per dollar). Figure 1 below shows the
distributions and summary statistics for Šimčikas’ corporate campaign estimates, both for
broiler chickens and egg-laying hens.

Figure 1: Corporate campaign cost-effectiveness estimates (from the Guesstimate model
associated with Šimčikas, 2019)
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Inputs and Well-being Improvements

In this section, I describe the input variables I used to approximate the cost-effectiveness
distributions calculated by Šimčikas in the corporate-campaign analysis. I also estimate the
net years of improved hen well-being per dollar spent on corporate campaigns, adjusted
for the differential productivity of cage-free and caged hens.

● Hens/yr/$ CF campaign – The number of egg-laying hens affected per year per
dollar by a corporate cage-free campaign, as calculated in Saulius Šimčikas’ 2019
report. From Figure 1, it appears that the annual number of hens affected per dollar
is skewed left and could approximately follow a lognormal distribution. So, I first
assumed that the number of hens affected per year per dollar is lognormally
distributed between 1.9 and 6.2 hens per year per dollar.
𝐻𝑒𝑛𝑠/𝑦𝑟/$ 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛 ∼  𝑙𝑜𝑔𝑛𝑜𝑟𝑚𝑎𝑙(1. 9,  6. 2,  0. 9)
Though slightly inaccurate, this approximation produces a mean of 3.71
hens/year/dollar, which is quite close to the actual 3.6 hens/year/dollar mean of the
distribution and would err towards a more conservative relative cost-effectiveness of
ballot initiatives.

● Hen-years improved/yr/$ CF campaign – The net number of years of hen life
improved per dollar spent on a cage-free corporate campaign per year of impact,
adjusted for differential productivity between conventionally caged and cage-free
hens (see Appendix). The result is approximately 3.5 hen-years improved per
dollar per year of impact, with a 90-percentile range between 1.7 and 6.1 hen-years
per dollar per year.
𝐻𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/𝑦𝑟/$ 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛

= (𝐻𝑒𝑛𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/𝑦𝑟/$ 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛) × (2 − 𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠)

● Speed-up time CF campaigns – The period of impact for a typical cage-free corporate
campaign. Here, I input the corporate campaign speed-up time Šimčikas used,
which assumes a lognormal distribution between 4 and 36 years with 90%
confidence (the exact figure varies a bit from simulation to simulation, which
accounts for the discrepancy from the figure above).
𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛𝑠 ∼  𝑙𝑜𝑔𝑛𝑜𝑟𝑚𝑎𝑙(4,  36,  0. 9)

● Hen years/$ CF campaign – The number of years of hen life affected per dollar spent
on a cage-free corporate campaign. I assume this parameter follows a lognormal
distribution between 13 and 160 hen-years/dollar with 90% confidence. This
assumption produces a mean of approximately 60 hen-years per dollar (which is
close to the 55-year mean of Šimčikas’ empirical distribution).
𝐻𝑒𝑛 𝑦𝑒𝑎𝑟𝑠/$ 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛 ∼  𝑙𝑜𝑔𝑛𝑜𝑟𝑚𝑎𝑙(13,  160,  0. 9)
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● Hen-years improved/$ CF campaign – The net number of years of hen life improved
per dollar spent on a cage-free corporate campaign, adjusted for differential
productivity between conventionally caged and cage-free hens (see Appendix). The
result is approximately 50 hen-years improved per dollar, with a 90-percentile
range between 10 and 126 hen-years per dollar. This is equal to multiplying the
hen-years of improved life per dollar per year of impact by the assumed speed-up
time of cage-free corporate campaigns:
𝐻𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/$ 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛 = (𝐻𝑒𝑛𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/𝑦𝑟/$ 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛)

× (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛𝑠)

Suffering-Avoided Calculations

As Šimčikas notes, the length of impact is “one of the primary sources of uncertainty in [the
corporate-campaign] estimate” (Šimčikas, 2019). Because this concern applies equally to
both ballot initiatives and corporate campaigns, I decided to calculate the per-dollar
suffering avoided by corporate campaigns in terms of both “years of suffering per dollar
per year of impact” (which ignores speed-up time) as well as “years of suffering per dollar”
(which includes the four- to 36-year speed up time for corporate campaigns).

Table 25 below includes the estimated number of years of each type of pain that was
avoided per dollar per year of impact by corporate cage-free campaigns. I also include a
weighted “suffering years of pain per dollar per year of impact” for corporate campaigns,
which weights each type of pain according to the assumed pain-level weights I used for the
ballot initiatives and adjusts for differential productivity between caged and cage-free hens.
An example calculation for the years of excruciating pain avoided per dollar spent per year
of impact for cage-free campaigns is below.
𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/$/𝑦𝑟 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛 = (ℎ𝑒𝑛𝑠/𝑦𝑟/$ 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛)

× [(𝐶𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟))/(𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠)
− 𝐶𝐹:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟)]

The equation for the weighted suffering avoided per dollar per year of impact is as follows:

𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/$/𝑦𝑟 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛 =
𝑖∈𝑆
∑ (𝑊𝑒𝑖𝑔ℎ𝑡:  𝑖) × (𝑖 𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/$/𝑦𝑟 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛)

for 𝑆 = {𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔,  𝐷𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔,  𝐻𝑢𝑟𝑡𝑓𝑢𝑙,  𝐴𝑛𝑛𝑜𝑦𝑖𝑛𝑔}

In total, Saulius Šimčikas’s calculations, my pain weights, and theWelfare Footprint data
imply that approximately 0.12 years (0.05 to 0.24 years) of disabling-equivalent pain are
avoided per dollar spent on a corporate campaign per year of impact. Over a
four-to-thirty-six-year impact period (average of 15 years), this translates into 1.7 years of
suffering avoided per dollar that was spent on cage-free campaigns, with a range between
0.23 and 5.0 years per dollar.
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Table 25: Cage-free corporate campaign cost-effectiveness by pain type

Lower Bound
(yrs. pain
avoided/$/yr.)

Average Estimate
(yrs. pain
avoided/$/yr.)

Upper Bound
(yrs. pain
avoided/$/yr.)

Weight

Excruciating -0.000002 -0.000002 -0.000002 5

Disabling 0.019 0.052 0.107 1

Hurtful 0.10 0.39 0.88 0.15

Annoying 0.35 0.91 1.7 0.01

Suffering-
equivalent

0.05 0.12 0.23 1

Overall Cost-Effectiveness of Ballot Measures

Summary

In this section, I calculate the animal-years affected and years of suffering avoided per
dollar spent for each of the ballot measures and all measures combined. In addition, I
compare the cost-effectiveness of each initiative and all initiatives combined with the
cost-effectiveness of cage-free campaigns.

In sum, I find that:
1. Among all species, about 5.0 years of animal life were improved per dollar spent

(with a 90-percentile range between 3.9 and 6.4 years per dollar). This translates
into approximately 0.10 years of suffering avoided per dollar spent on all four
ballot initiatives, with a 90-percentile range from 0.05 years per dollar to 0.14
years per dollar. [more]

2. Helping egg-laying hens is, by far, the most impactful farmed animal welfare
reform.

a. Nearly all (about 99%) of the reductions in farmed-animal suffering by
these four initiatives can be attributed to bans on battery cages and/or
cage-free requirements. [more]

b. The three initiatives that impacted egg-laying hens were approximately
two orders of magnitude more cost-effective than Arizona Proposition 204,
which impacted only veal calves and breeding sows. [more]

3. Ballot initiatives that covered all animal products sold in the state were probably
more cost-effective than those which only applied to domestic animals, but this
finding is uncertain. [more]
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4. Keeping costs constant, assuming demand for eggs is price inelastic, and adjusting
for differential productivity of cage-free and caged hens, requiring cage-free
aviaries wasn’t statistically significantly better than banning conventional cages
(and permitting enriched cages), according to a hypothetical example using
Massachusetts Question 3 data. [more]

5. Ballot initiatives were less cost-effective but still competitive with corporate
cage-free campaigns, even when they only targeted domestic production and
allowed enriched cages.

a. In terms of the number of hen-years improved per dollar per year of
impact, the three ballot initiatives studied were about 21% to 81% as
cost-effective as corporate cage-free campaigns are, with a mean estimate
of 44% as cost-effective. Historical ballot initiatives studied improved an
estimated 1.3 (1.0 to 1.7) years of life for egg-laying hens per dollar per year
of impact, whereas corporate campaigns improved an estimated 3.5 (1.7 to
6.2) years of life per dollar spent per year of impact (based partially on
Šimčikas 2019). Moreover, because ballot initiatives apply to all eggs
produced in a state (whether consumed at home or at a restaurant), and if
corporate campaigns face quicker diminishing marginal returns, future
ballot initiatives may have a larger scale and cost-effectiveness than that
which was measured here. [more]

b. In terms of years of suffering per year of impact, the three ballot initiatives
that affected egg-laying hens were about 25% as cost-effective (11% to 47%) in
terms of years of suffering per year of impact as were historical cage-free
corporate campaigns. I estimate that historical ballot initiatives averted
0.025 (0.014 to 0.038) years of suffering per dollar per year of impact,
compared to 0.12 (0.05 to 0.23) years of suffering per dollar per year of
impact for corporate campaigns. [more]

c. Even California Proposition 2, which permitted enriched cages and only
targeted domestic production, was estimated to have been 21% (8% to 40%)
as cost-effective at reducing suffering as corporate cage-free campaigns per
year of impact. Even assuming imperfect compliance, the initiative is
estimated to have reduced 0.02 (0.013 to 0.027) years of
disabling-equivalent suffering per dollar per year of impact. Part of the
high impact, relative to the other ballot initiatives, likely comes from the
fact that when California Proposition 2 was implemented, the proportion
of hens who were cage-free was much lower than it was when the other
initiatives were implemented. Nevertheless, this style of initiative may be
more politically feasible than cage-free mandates in states with high egg
production but which are more conservative than California. [more]
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Each Animal

This section calculates the cost-effectiveness, in terms of animal-years improved and years
of suffering avoided, for all animals and all initiatives together. It also estimates the
per-dollar impacts for sows, veal calves, and egg-laying hens separately. These latter three
estimates should not be construed as cost-effectiveness measures, since we do not know the
marginal cost of adding each type of animal to the initiative. However, the per-dollar
suffering reductions still provide a good sense of the relative impacts all four initiatives had
on each type of animal. Dividing by the total cost also provides a lower bound on the
cost-effectiveness of an initiative that targets only one species.

The resulting overall cost-effectiveness measures are in Table 26 in the “Results” section
below, and the calculations included are explained in the “Calculations” section. The
“Figures” section contains charts illustrating the relative contribution of each type of
animal to the overall cost-effectiveness of the ballot initiatives.

Key Point 1: About 5.0 years (3.9 to 6.4 years) of animal life were improved per dollar
spent on the initiatives. In terms of years of disabling-equivalent suffering, the four
initiatives reduced suffering by 0.10 (0.05 to 0.14) years per dollar spent.

Key Point 2(a): Nearly all (over 99%) of the reductions in farmed animal suffering are due
to the bans on conventional cages and the requirements that egg-laying hens be housed
in cage-free aviaries. Very little reduction in veal calf suffering was accomplished, by
contrast, which is likely due to the fact that per-capita veal consumption is very low (about
4 ounces per person per year in the United States) and that veal calves have quite short
lifespans. Moreover, when looking at initiatives that included hen welfare provisions, the
cost-effectiveness in terms of years lived by hens who experienced improved welfare rises
to 5.3 years per dollar (4.1 to 6.7).

Results

Table 26: Combined cost-effectiveness of the ballot initiatives, in total and by species

Species Animal-years Improved per
Dollar Spent on All Initiatives
(2022 dollars)

Years Suffering Avoided per
Dollar Spent on All Initiatives
(2022 dollars)

Egg-Laying
Hens

5.0 (3.8 to 6.3) 0.10 (0.05 to 0.14)

Breeding Sows 0.044 (0.034 to 0.055) 0.0003 (0.0002 to 0.0005)

Veal Calves 0.0014 (0.0008 to 0.0022) 0.00001

Total 5.0 (3.9 to 6.3) 0.10 (0.06 to 0.15)
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Figures

Figure 2: Animal years improved per dollar spent on the four initiatives, separated by species.
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Figure 3: Years of suffering avoided per dollar spent on the four initiatives, separated by species.
Again, egg-laying hen reforms are responsible for nearly all of the suffering reductions.

Calculations

Below are the formulae and explanations for the results displayed in the above table.

Animal-Years Improved Calculations

● Hen years improved/$ – The number of years of life experienced by hens whose
quality of life was improved by California Proposition 2, Massachusetts Question 3,
and California Proposition 12 per dollar spent on the four campaigns. This was equal
to the sum of the years experienced by hens whose lives were improved by
California Proposition 2, Massachusetts Question 3, and California Proposition 12,
all divided by the total cost of all four initiatives. Only three of the four initiatives
targeted egg-laying hens, so a true estimate would have to subtract out the Arizona
Proposition 204 total cost (as I do below). However, including the cost of all four
initiatives allows one to see how nearly all of the total impact comes from egg-laying
hen reforms.

𝐻𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/$ = 𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐶𝐴12 + 𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝑀𝐴+𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐶𝐴2
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡, 𝑎𝑙𝑙 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)
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● Sow years improved/$ – The number of years of life lived by breeding sows who were
impacted by all four initiatives per dollar spent on the four campaigns. This was
calculated using an analogous formula to that used for hens.
𝑆𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/$ =
𝑁𝑜. 𝑝𝑖𝑔 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍204 + 𝑇𝑜𝑡𝑎𝑙 𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠  𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12 + 𝑁𝑜. 𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑀𝐴3+ 𝑁𝑜. 𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑  𝐶𝐴2

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡, 𝑎𝑙𝑙 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

● Veal calf years improved/$ – The number of years of life lived by veal calves who were
impacted by all four initiatives, per dollar spent on the four campaigns.
𝑉𝑒𝑎𝑙 𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/$ =
𝑁𝑜. 𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍204 + 𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠  𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12 + 𝑁𝑜. 𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑀𝐴3+ 𝑁𝑜. 𝑐𝑎𝑙𝑓  𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑  𝐶𝐴2

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡, 𝑎𝑙𝑙 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

● Total animal yrs improved/$ – The total number of years of animal life improved by
the four ballot initiatives, per dollar spent on all four. This estimate was the sum of
the per-dollar impact for hens, sows, and veal calves.
𝑇𝑜𝑡𝑎𝑙 𝑎𝑛𝑖𝑚𝑎𝑙 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 = (𝐻𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/$) + (𝑆𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/$)

+ (𝑉𝑒𝑎𝑙 𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑/$)

● Initiatives affecting hens: hen years improved/$ – The number of years lived by hens
whose welfare was improved per dollar spent on the three initiatives with hen
welfare provisions. This estimate is used in comparisons of ballot initiatives to
corporate campaigns.
𝐼𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑖𝑛𝑔 ℎ𝑒𝑛𝑠:  𝐻𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/$ =

𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐶𝐴12 + 𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝑀𝐴+𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐶𝐴2
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡,  𝑎𝑓𝑓𝑒𝑐𝑡 𝑐ℎ𝑖𝑐𝑘𝑒𝑛𝑠 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

Suffering Avoided Calculations

● Hen yrs/$ suffering avoided – The total number of years of suffering avoided for
egg-laying hens across California Proposition 2, California Proposition 12, and
Massachusetts Question 3, divided by the total cost (in 2022 dollars) of the four
initiatives.
𝐻𝑒𝑛 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 =  

𝐻𝑒𝑛 𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴2+𝐻𝑒𝑛 𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3+𝐻𝑒𝑛 𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡, 𝑎𝑙𝑙 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

● Sow yrs/$ suffering avoided – The total number of years of suffering avoided for
breeding sows for all four initiatives, divided by the total cost (in 2022 dollars) of the
four initiatives.

𝑆𝑜𝑤 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 = 𝑁𝑜. 𝑝𝑖𝑔 𝑦𝑒𝑎𝑟𝑠  𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐴𝑍204+𝑆𝑜𝑤  𝑦𝑟𝑠. 𝑑𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴2
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡, 𝑎𝑙𝑙 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)  

+ 𝑁𝑜. 𝑠𝑜𝑤 𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3+𝑇𝑜𝑡𝑎𝑙 𝑠𝑜𝑤 𝑦𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡, 𝑎𝑙𝑙 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)
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● Veal yrs/$ suffering avoided – The total number of years of suffering avoided for veal
calves for all four initiatives, divided by the total cost (in 2022 dollars) of the four
initiatives.

𝑉𝑒𝑎𝑙 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 = 𝑇𝑜𝑡𝑎𝑙 𝑣𝑒𝑎𝑙 𝑦𝑒𝑎𝑟𝑠  𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐴𝑍204+𝑇𝑜𝑡𝑎𝑙 𝑣𝑒𝑎𝑙  𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴2
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡, 𝑎𝑙𝑙 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)  

+ 𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑙𝑓 𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3+𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑙𝑓 𝑦𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡, 𝑎𝑙𝑙 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

● All animals yrs/$ suffering avoided – The total years of suffering avoided for veal
calves, breeding sows, and egg-laying hens by the four ballot initiatives, divided by
the total cost of all four initiatives.
𝐴𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 = (𝐻𝑒𝑛 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑)

+ (𝑆𝑜𝑤 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑) + (𝑉𝑒𝑎𝑙 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑)

● Initiatives affecting hens: Hen yrs/$ suffering avoided – The total number of years of
suffering avoided for egg-laying hens across California Proposition 2, California
Proposition 12, and Massachusetts Question 3, divided by the total cost (in 2022
dollars) of the three initiatives targeting hen welfare. This variable is used to
compare the suffering reduction benefits of ballot initiatives to those of corporate
campaigns.
𝐼𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑖𝑛𝑔 ℎ𝑒𝑛𝑠:  𝐻𝑒𝑛 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 =  

𝐻𝑒𝑛 𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴2+𝐻𝑒𝑛 𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3+𝐻𝑒𝑛 𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡, 𝑎𝑓𝑓𝑒𝑐𝑡 𝑐ℎ𝑖𝑐𝑘𝑒𝑛𝑠 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

Each Initiative

In the “Each Initiative” section of the Causal model outputs, I calculated the overall
cost-effectiveness of each ballot initiative–both in terms of the number of animal-years
impacted and years of suffering reduced–for hens, veal calves, and breeding sows
combined. The results are displayed in Table 27 of the “Results” section, and the
distributions of cost-effectivenesses are in the “Figures” section. I offer two key takeaways
from these initiative-level comparisons.

Key Point 2(b): Ballot initiatives that target egg-laying hens are at least two orders of
magnitude more cost-effective than those that target only veal calves and sows.

Both Arizona Proposition 204 and California Proposition 2 only applied to domestic
animals, and their provisions for breeding sows and veal calves were effectively identical.
However, the latter also set space requirements for egg-laying hens that effectively banned
conventional “battery” cages, and this initiative improved the lives of 130 times as many
animals per year.

Comparing between-state cost-effectivenesses is a poor way to judge the counterfactual
scenario in which Arizona 204 also applied to hens, as the state hen populations and total
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cost also matter. Moreover, Arizona Proposition 204 may have done some of the “heavy
lifting” in swaying voters to accept more farm animal welfare controls during a time when
such regulations were less common and industry was more hostile to reform. However, I do
not find it plausible that a two-order-of-magnitude difference in cost-effectiveness can be
made up for by explanations citing its earlier time of passage or differences in hen
populations.

Key Point 3: Ballot initiatives that impacted all animal products sold in the state were
probably more cost-effective than those which only applied to domestic animals, but this
finding is uncertain.

California Proposition 12 was the most cost-effective measure in terms of animal-years
improved, with an average of 7.4 (5.4 to 9.9) animal-years improved per dollar.
Massachusetts Question 3 was the second most cost-effective, improving 3.3 (2.5 to 4.1)
animal-years per dollar, and the third most impactful was California Proposition 2, which
improved 2.6 (2.3 to 2.9) animal-years per dollar. The confidence intervals for the
cost-effectiveness slightly overlapped for California Proposition 2 and Massachusetts
Question 3, but the cost-effectiveness of California Proposition 12 in terms of years of life
improved was significantly better than that of California Proposition 2.

This difference in mean impact may be due to the fact that imported eggs, veal, and pork
were not affected by California Proposition 2 like they were by California Proposition 12
and Massachusetts Question 3. Moreover, if California Proposition 2 were passed today, it
would likely have much lower cost-effectiveness because a higher proportion of egg-laying
hens are now cage-free than in 2015, when the initiative took effect. However, the overlap in
the confidence intervals for Massachusetts Question 3 and California Proposition 2 partially
supports the hypothesis that regulations on all goods sold are better than regulations on
domestic production only.

Other factors (such as the fact that California Proposition 2 came first and may have eased
the later passage of Proposition 12) may play a role in reducing the apparent
cost-effectiveness of ballot measures that only target domestic production. However, a
point in favor of the higher cost-effectiveness of initiatives that impact all goods sold,
regardless of origin, is the fact that producers may move to other states to avoid regulations
that only target domestic producers and consumers may switch to eating conventionally
produced imported eggs for lower costs.

In fact, we see evidence that California’s egg-laying hen population dropped dramatically
over the period from 2008, when Proposition 2 was passed, through 2016, a year after it
went into effect. In 2008, the average monthly hen population in California was over 20.4
million hens (USDA 2010, pg. 2). By 2013, this had dropped to 18.0 million hens (USDA
2014, pg 6), and by 2016 there were only 12.1 million hens in California (USDA 2018, pg. 6).
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Though this trend is likely due, in part, to factors beyond Proposition 2, this dramatic
decline in egg-laying hen inventories suggests that 1) producers may have voluntarily
moved out-of-state in preparation for the onset of Proposition 2 in 2015 and/or 2)
California consumers may have switched to eating imported, conventionally produced eggs
as a result of Proposition 2, further leading to lower quantities of domestic eggs being
produced. As such, the welfare benefit of banning sales of non-cage-free eggs is likely to be
much higher by eliminating the possibility to buy conventional eggs from out-of-state.

Results

Table 27: Impact of each initiative for egg-laying hens, veal calves, and breeding sows combined

Initiative Animal-Years Improved per
Dollar (2022 dollars)

Years Suffering Avoided per
Dollar (2022 dollars)

Arizona Prop. 204 0.021 (0.017 to 0.025) 0.0002

California Prop. 2 2.6 (2.3 to 2.9) 0.08 (0.05 to 0.11)

Massachusetts
Question 3

3.3 (2.5 to 4.1) 0.11 (0.06 to 0.18)

California Prop. 12 7.4 (5.4 to 9.9) 0.11 (0.05 to 0.18)
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Figures

Animal Years Improved

Figure 4: Animal years improved per dollar for all initiatives combined

Figure 5: Animal years improved per dollar for each initiative separately
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Years of Suffering Avoided

Figure 6: Years of suffering avoided per dollar for all initiatives combined

Figure 7: Years of suffering avoided per dollar for each initiative separately
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Calculations

Below are the formulae used to calculate each ballot initiative’s cost-effectiveness.

Animal-Years Affected Calculations

● AZ204 animal years/$ improved – The number of years lived by veal calves and
breeding sows affected by Arizona Proposition 204 from 2012 through 2015, divided
by the cost of the initiative in 2022 dollars.

𝐴𝑍204 𝑎𝑛𝑖𝑚𝑎𝑙 𝑦𝑒𝑎𝑟𝑠/$ 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 = 𝑁𝑜. 𝑝𝑖𝑔 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍204+𝑁𝑜. 𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐴𝑍204
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝐴𝑍 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

● CA2 animal years/$ improved – The number of improved years lived by hens,
breeding sows, and veal calves caused by California Proposition 2, divided by the
total cost of the initiative in 2022 dollars.

𝐶𝐴2 𝑎𝑛𝑖𝑚𝑎𝑙 𝑦𝑒𝑎𝑟𝑠/$ 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 = 𝑁𝑜. 𝑠𝑜𝑤 𝑦𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2+𝑁𝑜. 𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴2+𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐶𝐴2
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝐶𝐴2 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

● MA3 animal years/$ improved – The number of improved years lived by hens,
breeding sows, and veal calves caused by Massachusetts Question 3’s reforms,
divided by the total cost of the initiative in 2022 dollars.

𝑀𝐴3 𝑎𝑛𝑖𝑚𝑎𝑙 𝑦𝑒𝑎𝑟𝑠/$ 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 = 𝑁𝑜. 𝑠𝑜𝑤 𝑦𝑟𝑠 𝑖𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝑀𝐴3+𝑁𝑜. 𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑀𝐴3+𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝑀𝐴
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑀𝐴3 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

● CA12 animal years/$ improved – The number of improved years lived by hens,
breeding sows, and veal calves caused by California Proposition 12, divided by the
total cost of the initiative in 2022 dollars.
𝐶𝐴12 𝑎𝑛𝑖𝑚𝑎𝑙 𝑦𝑒𝑎𝑟𝑠/$ 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑

= 𝑇𝑜𝑡𝑎𝑙 𝑠𝑜𝑤 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12+𝑁𝑜. 𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝐴12+𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐶𝐴12
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝐶𝐴12 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

Suffering Avoided Calculations

● AZ204 yrs/$ suffering avoided – The approximate years of veal calf and breeding sow
suffering avoided by Arizona Proposition 204 from 2012 through 2015, divided by
the cost of the initiative in 2022 dollars.

𝐴𝑍204 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 = 𝑁𝑜. 𝑝𝑖𝑔 𝑦𝑒𝑎𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐴𝑍204+𝑇𝑜𝑡𝑎𝑙 𝑣𝑒𝑎𝑙 𝑦𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐴𝑍204
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝐴𝑍 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

● CA2 yrs/$ suffering avoided – The approximate years of egg-laying hen, veal calf, and
breeding sow suffering avoided by California Proposition 2 from 2015 through 2018,
divided by the cost of the initiative in 2022 dollars.
𝐶𝐴2 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑

= 𝐻𝑒𝑛 𝑦𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴2+𝑇𝑜𝑡𝑎𝑙 𝑣𝑒𝑎𝑙 𝑦𝑒𝑎𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴2+𝑆𝑜𝑤 𝑦𝑟𝑠 𝑑𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴2
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝐶𝐴2 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)
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● MA3 yrs/$ suffering avoided – The approximate years of hen, veal calf, and breeding
sow suffering avoided by Massachusetts Question 3 from 2022 through 2025,
divided by the cost of the initiative in 2022 dollars.
𝐶𝐴2 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑

= 𝐻𝑒𝑛 𝑦𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3+𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3+𝑁𝑜. 𝑠𝑜𝑤 𝑦𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑀𝐴3 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

● CA12 yrs/$ suffering avoided – The approximate years of egg-laying hen, veal calf, and
breeding sow suffering avoided by California Proposition 12 from 2020 through
2023, divided by the cost of the initiative in 2022 dollars.
𝐶𝐴2 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑

= 𝐻𝑒𝑛 𝑦𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12+𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑙𝑓 𝑦𝑒𝑎𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12+𝑁𝑜. 𝑠𝑜𝑤 𝑦𝑟𝑠 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝐶𝐴12 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

Egg-Laying Hen Cost-Effectiveness

Because egg-laying hen reforms were responsible for the vast majority of the ballot
initiatives’ impacts, and because one may disagree with my arbitrarily chosen weights for
different pain types, I decided to separate the total “disabling-equivalent pain reduced per
dollar” out into its four constituent pain categories to see which types of pain were
mitigated the most. The results are in Table 28 below.

The ballot initiatives were the most effective at reducing annoying pain, with between
roughly 0.4 and 1.2 years of annoying pain avoided per dollar spent. And though it may not
sound significant, about 0.045 (0.021 to 0.067) years of disabling pain were avoided per
dollar. Disabling pain is “Continuously distressing” and “prevents all forms of enjoyment or
positive welfare” (Welfare Footprint Project). Based on this definition, disabling pain
reaches the level of severity at which such moments are inevitably net-negative and not
worth experiencing. Thus, to be able to prevent one year of such extreme suffering per
$14-$50 is significant–and this is even before adding all the other pains in.

It is important to note that these may not be true cost-effectiveness measures, as the
counterfactual world in which only egg-laying hen practices were on the ballot is unknown.
The total cost could have been inflated by the need to campaign for breeding sow and veal
calf reforms (this seems plausible because the legal challenges have been produced by pork
producer groups, but not by egg producer groups).
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Results

Table 28: Cost-effectiveness of egg-laying hen reforms, by pain type

Pain Type Lower Bound (yrs.
pain avoided/$)

Average Estimate (yrs.
pain avoided/$)

Upper Bound (yrs.
pain avoided/$)

Excruciating -0.000001 -0.000001 -0.000001

Disabling 0.021 0.045 0.067

Hurtful 0.10 0.33 0.59

Annoying 0.37 0.75 1.15

Calculations

Each of the above pain-reduction cost-effectiveness calculations was made by summing the
years of the given type of pain avoided over California Proposition 2, California
Proposition 12, and Massachusetts Question 3, then dividing by the total cost of these three
initiatives. An example formula for the number of excruciating pain years spared per dollar
spent on all initiatives that impacted hens is below.

𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 𝑦𝑟𝑠/$ 𝑝𝑎𝑖𝑛 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 = 𝑖∈𝑆
∑ (𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 𝑝𝑎𝑖𝑛 𝑦𝑟𝑠. 𝑎𝑣𝑜𝑖𝑑𝑒𝑑, 𝑖)

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡, 𝑎𝑓𝑓𝑒𝑐𝑡 𝑐ℎ𝑖𝑐𝑘𝑒𝑛𝑠 (2022 𝑑𝑜𝑙𝑙𝑎𝑟𝑠)

where 𝑆 = {𝐶𝐴2,  𝑀𝐴3,  𝐶𝐴12}

Annual Hen-Years Life Improved & Suffering Avoided per Dollar

In this section, I estimated the years of life improved for hens and years of hen suffering
avoided per dollar per year of impact for each initiative separately and combined. These
calculations were mainly used in later sections to make comparisons to corporate
campaigns, since the speed-up times for both ballot initiatives and corporate cage-free
campaigns were so uncertain. The summary statistics are in Table 29 in the “Results”
section, and the distributions of per-year-of-impact cost-effectiveness are in the “Figures”
sections alongside that of corporate campaigns.

Calculating the average annual cost-effectiveness of the ballot initiatives for the years of
hen life improved involved dividing the total number of hen years improved by the
initiative’s total cost, then further dividing by the speed-up time. An example calculation
for California Proposition 12 is shown below

𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝐴12 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/$ = 𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐶𝐴12
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝐶𝐴12 (2022)( )/(𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒) 
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The calculation was analogous for calculating the average annual cost-effectiveness of the
ballot initiatives in terms of years of suffering avoided. The calculation for California
Proposition 12 is also shown below.

𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝐴12 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 = 𝐻𝑒𝑛 𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝐴12
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝐶𝐴12 (2022)( )/(𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒) 

For the total average annual cost-effectiveness for all initiatives, I divided the
cost-effectiveness of initiatives that affected hens (identified in the “Each Animal:
Animal-Years Improved” and “Each Animal: Years of Suffering Avoided”) by the speed-up
time, as shown in the equations below.

𝐴𝑛𝑛𝑢𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/$ = 𝐼𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑖𝑛𝑔 ℎ𝑒𝑛𝑠: 𝐻𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/$
𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 = 𝐼𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑖𝑛𝑔 ℎ𝑒𝑛𝑠: 𝐻𝑒𝑛 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑
𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒 

Results

Table 29: Average annual cost-effectiveness per year of impact for ballot initiatives

Initiative Animal-Years Improved
per Dollar per Year Impact

Years of Suffering Avoided
per Dollar per Year Impact

California Proposition 2 0.66 (0.58 to 0.74) 0.020 (0.013 to 0.027)

Massachusetts Question 3 0.82 (0.60 to 1.0) 0.028 (0.016 to 0.045)

California Proposition 12 1.8 (1.3 to 2.5) 0.013 (0.013, 0.045)

Total 1.3 (1.0 to 1.7) 0.025 (0.015 to 0.038)
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Figures

Hen Years Improved

Figure 8: Hen-years improved per dollar spent per year of impact for all initiatives combined and
corporate cage-free campaigns.

Figure 9: Hen years improved per dollar spent per year of impact for each initiative and corporate
cage-free campaigns.
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Years of Suffering Avoided

Figure 10: Years of suffering avoided per dollar spent per year of impact for all initiatives combined
and corporate cage-free campaigns.

Figure 11: Years of suffering avoided per dollar spent per year of impact for each initiative and
corporate cage-free campaigns.
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Effects of Requiring Cage-Free Aviaries versus Enriched Cages

To investigate the importance of requiring that all eggs sold be cage-free, I created a
hypothetical scenario where Massachusetts only required eggs sold in the state to come
from hens in enriched cages. This hypothetical scenario, in fact, matches well with the text
of the ballot initiative before its subsequent modification by the state legislature to require
cage-free eggs. In this situation, I still allow for a small percentage of conventionally
sourced eggs to become cage-free to be consistent with real-life estimates.

● Hyp. CC to EC hens/yr MA – In a hypothetical scenario where cage-free eggs were
not required, the number of hens each year that were previously in conventional
cages but went to being in enriched cages due to Massachusetts Question 3’s
requirements. This is estimated to be 3.7 million hens per year, with a range from
3.1 to 4.3 million hens. The formula used multiplies the number of hens that went
from conventional cages to cage-free aviaries in real life by the assumed fraction of
hens that go from conventional to enriched cages when producers are given the
choice of enriched cages or cage-free.
𝐻𝑦𝑝.  𝐶𝐶 𝑡𝑜 𝐸𝐶 ℎ𝑒𝑛𝑠/𝑦𝑟 = (𝐶𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛𝑠/𝑦𝑟 𝑀𝐴) × (1 − 𝑃𝑟𝑜𝑝.  𝐶𝐶 𝑡𝑜 𝐶𝐹)

● Hyp. CC to CF hens/yr MA – In a hypothetical scenario where cage-free eggs were
not required, the number of hens each year that were previously in conventional
cages and went to being in cage-free aviaries, even though cage-free was not
required. This is estimated to be 320,000 hens per year, with a range from 85,000
to 810,000 hens, and is calculated by multiplying the number of conventionally
housed hens that went to being in cage-free housing in real life by the assumed
proportion of hens that go to being cage-free if producers can choose between
enriched cages and cage-free.
𝐻𝑦𝑝.  𝐶𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛𝑠/𝑦𝑟 = (𝐶𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛𝑠/𝑦𝑟 𝑀𝐴) × (𝑃𝑟𝑜𝑝.  𝐶𝐶 𝑡𝑜 𝐶𝐹)

Then, I estimated the number of years of each pain type that would be avoided in a
hypothetical situation wherein Massachusetts only mandated that eggs sold in-state be
from enriched cages. This calculation adjusts for the differential productivity between
cage-free and caged hens. An example calculation for the years of excruciating pain
avoided by the hypothetical, less-stringent Massachusetts Question 3 is in the equation
below:
𝐻𝑦𝑝.  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 𝑦𝑟𝑠.  𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3 = (𝑆𝑝𝑒𝑒𝑑 𝑢𝑝 𝑡𝑖𝑚𝑒) × {(𝐻𝑦𝑝.  𝐶𝐶 𝑡𝑜 𝐸𝐶 ℎ𝑒𝑛𝑠/𝑦𝑟 𝑀𝐴)

× [𝐶𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟) − 𝐸𝐶:  𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟)]
+ (𝐻𝑦𝑝.  𝐶𝐶 𝑡𝑜 𝐶𝐹 ℎ𝑒𝑛𝑠/𝑦𝑟 𝑀𝐴) 
× [(𝐶𝐶: 𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/𝑏𝑖𝑟𝑑/𝑦𝑟))/(𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠) − 𝐶𝐹: 𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔 (𝑦𝑟𝑠/𝑏𝑖𝑟𝑑/𝑦𝑟)]}

Additionally, I estimated the reduction in the years of “disabling-equivalent pain” endured
by these hens by taking the sum of years spent in each type of pain avoided, weighted by its
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respective severity. The total disabling-equivalent pain reduction was estimated to be
between 320,000 and 670,000 years with an average estimate of 480,000 years of
suffering reduced by the hypothetical, less-stringent Massachusetts Question 3 from
2022 through 2025. Table 30 below displays the pain-reduction estimates for the
hypothetical, less stringent initiative, and Table 31 displays the estimates for the actual
initiative. The confidence intervals for the reduction in disabling-equivalent suffering are
overlapping, so we cannot conclude that either version of the initiative was statistically
significantly better than the other.

𝐻𝑒𝑛 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑦𝑟𝑠.  𝑝𝑎𝑖𝑛 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3 =
𝑖∈𝑆
∑ (𝑊𝑒𝑖𝑔ℎ𝑡:  𝑖) × (𝑃𝑎𝑖𝑛 𝑦𝑟𝑠.  𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3,  𝑖)

for 𝑆 = {𝐸𝑥𝑐𝑟𝑢𝑐𝑖𝑎𝑡𝑖𝑛𝑔,  𝐷𝑖𝑠𝑎𝑏𝑙𝑖𝑛𝑔,  𝐻𝑢𝑟𝑡𝑓𝑢𝑙,  𝐴𝑛𝑛𝑜𝑦𝑖𝑛𝑔}

Table 30: Hypothetical Massachusetts Question 3 hen pain reduction estimates (from banning
conventional cages)

Pain Type Lower
Bound (yrs.)

Average
Estimate (yrs.)

Upper Bound
(yrs.)

Weight

Excruciating -15 10 37 5

Disabling 220,000 310,000 410,000 1

Hurtful 250,000 1,100,000 2,100,000 0.15

Annoying -890,000 920,000 2,600,000 0.01

Suffering-equivalent pain
avoided, EC not CF

320,000 480,000 670,000 1

Table 31: Actual Massachusetts Question 3 hen pain reduction estimates (from requiring cage-free
housing)

Pain Type Lower Bound
(yrs.)

Average
Estimate (yrs.)

Upper Bound
(yrs.)

Weight

Excruciating -38.4 -7.20 22.7 5

Disabling 103,000 227,000 354,000 1

Hurtful 542,000 1,700,000 3,000,000 0.15

Annoying 2,200,000 4,000,000 6,100,000 0.01

Suffering-equivalent
pain

302,000 526,000 800,000 1
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Finally, I estimated the proportion of impact that Massachusetts Question 3 would have
had if the state only required that eggs sold in the state come from hens in enriched cages
instead of cage-free aviaries. The result was calculated by dividing the hypothetical number
of years of suffering avoided under the less-stringent Massachusetts Question 3 (320,000 to
670,000, mean of 480,000) by the estimated number of years of suffering avoided by the
initiative as implemented (about 300,000 to 700,000, mean 800,000).

𝑃𝑟𝑜𝑝.  𝑖𝑚𝑝𝑎𝑐𝑡 𝑖𝑓 𝐸𝐶 = 𝐻𝑦𝑝. 𝑡𝑜𝑡𝑎𝑙 𝑦𝑟𝑠. 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝐸𝐶
𝐻𝑒𝑛 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑦𝑟𝑠. 𝑝𝑎𝑖𝑛 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑀𝐴3  = 1 (0. 6 𝑡𝑜 1. 5)

Key Point 4: Keeping initiative costs constant and assuming inelastic demand for eggs,
requiring cage-free aviaries was not significantly better at reducing suffering than simply
banning conventional cages (and allowing enriched cages), according to a hypothetical
example using Massachusetts Question 3 data. This conclusion may change if the
productivity of cage-free hens reaches parity with caged hens, so more research is
needed.

I estimate that Massachusetts Question 3 would have had between 60% and 150% of the
effect in reducing egg-laying hen suffering if the state had merely banned conventional
cages but allowed enriched cages. Comparing tables 30 and 31 shows that, while the amount
of excruciating pain avoided is quite similar under the two scenarios, cage-free aviaries may
result in, on net, lower reductions in disabling pain after adjusting for the possibility of
needing to use more hens to produce the same number of eggs. However, there are larger
reductions in hurtful and annoying pain if we require cage-free eggs. As such, the relative
value of requiring cage-free eggs versus allowing enriched cages may change if we put
more weight on annoying or hurtful pain. Nevertheless, with the weights chosen, these
estimates suggest that pushing for cage-free requirements rather than an enriched-cage
requirement may not have significantly improved egg-laying hen welfare. More research
will be needed if the productivity of cage-free hens increases without substantial
tradeoffs with welfare.

Comparison to Cage-Free Corporate Campaigns
In this section of the model, I create various estimates of ballot initiatives’ cost-effectiveness
for all the ballot initiatives that affected egg-laying hens, individually and together. There
are two associated sections, “Comparison to Corporate Campaigns – Years Life Improved,”
which estimates the cost-effectiveness in terms of years of improved quality of life, and
“Comparison to Corporate Campaigns – Suffering Avoided,” which estimates
cost-effectiveness in terms of the aggregated amount of suffering reduced.

Importantly, Šimčikas did not include the future costs of ensuring that companies comply
with their cage-free commitments, which may make corporate campaigns look slightly
better than they are in actuality. However, we do not have good data on the costs to ensure

530 Divisadero St. PMB #796, San Francisco, California 94117
www.rethinkpriorities.org



99

compliance with either ballot initiatives or corporate campaigns. Additionally, Šimčikas did
not adjust for the possible differential in productivity between caged and cage-free hens, so
I added this adjustment to both the calculations for the number of hens whose lives were
improved and the amount of suffering avoided by corporate campaigns.

For each method of estimating the ballot initiatives’ impacts, I ultimately decided to put the
relative cost-effectiveness in terms of dividing ballot initiatives’ “years of life improved per
dollar per year of impact” or “years of suffering reduced per dollar per year of impact” by
the analogous metric for corporate campaigns. This would be an incorrect method if we
truly knew the counterfactual period of impact for both ballot initiatives and corporate
campaigns.

For example, ballot initiatives may be hard to pass and corporate campaigns may be easy to
obtain, which would lead to a higher relative cost-effectiveness of ballot initiatives than the
annualized estimate would suggest. This is because, if ballot initiatives are harder to pass
than corporate cage-free campaigns, we would, all else equal, expect it to take longer for
another group to enact the same initiative in the counterfactual world in which it were not
passed, and thus anyone who does launch a successful ballot initiative can take credit for a
long period of counterfactual impact. The analogous argument could work the other way if
corporate campaigns are harder to get enacted, all else equal.

However, both I and Šimčikas were highly uncertain about the counterfactual speed-up
times for ballot initiatives and corporate campaigns, respectively. Given the arbitrariness of
our chosen speed-up times, it makes better sense to put the cost-effectiveness in terms of
per year of impact, and then multiply this by the ratio of ballot initiatives’ speed-up time to
corporate campaigns’ speed-up time, once more evidence is available, to get a reliable
estimate of each.

Years Life Improved

Recall that Šimčikas estimated that corporate campaigns affect about 3.66 hens (1.9 to 6.2)
per dollar per year of impact, for a total estimated impact of 13 to 160 hen-years per dollar
spent on corporate campaigns over an assumed four- to 36-year period of impact
(Šimčikas, 2019). After adjusting for the differential productivity of cage-free and
conventionally caged hens, the number of hens whose lives are improved per year reduces
to about 3.5 (1.7 to 6.1) hens per dollar per year.

To calculate the relative cost-effectiveness of ballot initiatives’ egg-laying hen reform, I first
divided the number of years of improved hen life by ballot initiatives over a four-year
period (identified in the “Each Animal: Animal-Years Improved” section) by the total
10-to-126-hen-years-improved-per-dollar estimate for corporate campaigns. This yielded a
relative cost-effectiveness of about 0.19 with a 90-percentile range between 0.04 and 0.53.

530 Divisadero St. PMB #796, San Francisco, California 94117
www.rethinkpriorities.org

https://perma.cc/TY73-QHWQ


100

This means that the three ballot initiatives are estimated to have resulted in 19% as many
years of improved hen life per dollar spent as corporate campaigns have per dollar. The
formula used is as follows:

𝐻𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝐵𝐼/𝐶𝐶 𝐶𝐸 = 𝐼𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑖𝑛𝑔 ℎ𝑒𝑛𝑠: 𝐻𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/$ 
𝐻𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/$ 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛

However, for the reasons described above regarding the arbitrariness of ballot initiatives’
speed-up time, I performed my calculations using a “per-year of impact” adjustment. The
relative cost-effectiveness for the total number of hen-years improved per year of impact
per dollar spent was estimated by dividing the average annual years of improved hen life
per dollar per year of impact (identified in the “Annual Hen Years Improved & Suffering
Avoided per Dollar” section) by the net annual number of hens with improved welfare per
dollar spent on corporate campaigns.

𝐻𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 𝐵𝐼/𝐶𝐶 𝐶𝐸 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/$
𝐻𝑒𝑛𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/𝑦𝑟/$ 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛𝑠

I also estimated the relative per-year cost-effectiveness for each of the three ballot
initiatives that targeted egg-laying hens. The summary statistics are in Table 32 below, the
distributions of relative cost-effectiveness are shown in Figures 12 and 13, and an example
calculation for the annual cost-effectiveness of California Proposition 12’s hen welfare
reforms compared to corporate cage-free reforms is shown below.

𝐶𝐴12 𝑎𝑛𝑛𝑢𝑎𝑙 𝐵𝐼/𝐶𝐶 𝑎𝑛𝑖𝑚𝑎𝑙 𝑦𝑒𝑎𝑟𝑠 𝐶𝐸 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝐴12 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/$
(𝐻𝑒𝑛𝑠 𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑/𝑦𝑟/$ 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛)

Key Point 5(a): In terms of the number of hen-years improved per dollar per year of
impact, the three ballot initiatives studied were about 20% to 82% as cost-effective as
corporate cage-free campaigns are, with a mean estimate of 44% as cost-effective.

California Proposition 12 was the most cost-effective, likely because it affected all eggs sold
in-state and cost less per capita (and, thus, per hen) than Massachusetts Question 3.
California Proposition 2 was, on average, the least cost-effective because it applied only to
domestically housed hens, of which there were relatively few in California during the 2015
to 2018 period of impact. However, Massachusetts Question 3 was not significantly better
than California Proposition 2, potentially because of the high per-capita costs of the
initiative.
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Table 32: Relative hen-years improved per dollar per year of impact for ballot initiatives vs.
corporate campaigns

Initiative Lower Bound Average Upper Bound

California Prop. 2 0.11 0.21 0.40

Massachusetts Q. 3 0.13 0.27 0.46

California Prop. 12 0.27 0.62 1.16

Total 0.20 0.44 0.82

Figure 12: Relative hen-years improved per dollar per year of impact for all ballot initiative
combined vs. corporate campaigns
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Figure 13: Each ballot initiative’s relative hen-years improved per dollar per year of impact vs.
corporate campaigns

Suffering Avoided

Next, I estimated the cost-effectiveness of ballot initiatives, both individually and together,
in terms of years of suffering avoided per dollar spent relative to corporate cage-free
campaigns. Doing so reveals significant information about the cost-effectiveness of ballot
initiatives, because the reforms were not the same as the corporate reforms. For instance,
California Proposition 2 allowed enriched cages, as did the first two years of California
Proposition 12, but the latter two years of California Proposition 12 were focused on the
transition from enriched cages to cage-free aviaries. Therefore, to do an apples-to-apples
comparison with corporate cage-free campaigns, I needed to estimate each intervention in
terms of suffering avoided per dollar.

First, I estimated the total suffering avoided per dollar for ballot initiatives compared to
that of corporate campaigns. This assumes a four-year speed-up for ballot initiatives and a
four- to thirty-six-year speed-up for corporate campaigns. The calculation was made by
dividing the estimated cost-effectiveness of ballot initiatives on hen welfare (identified in
the “Each Animal: Years Suffering Avoided” section of the Overall Cost-Effectiveness tab) by
the number of years of suffering avoided per dollar spent on a corporate campaign
(estimated in the “Corporate Campaign Estimates: Suffering-avoided calculations” section
of the model). I estimate that, if a four-year speed-up for ballot initiatives and a four- to
36-year speed-up for corporate campaigns are assumed, the ballot initiatives studied were
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about 11% (2% to 30%) as cost-effective as corporate campaigns at reducing hen suffering.

𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝐵𝐼/𝐶𝐶 𝐶𝐸 = 𝐼𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑣𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑖𝑛𝑔 ℎ𝑒𝑛𝑠: 𝐻𝑒𝑛 𝑦𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑
𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/$ 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛

Additionally, I found the per-year-of-impact relative cost-effectiveness of ballot initiatives
by dividing the ballot initiatives’ average annual suffering avoided per dollar per year of
impact by the estimated number of years of hen suffering avoided per dollar spent on
corporate campaigns per year of impact.

𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑛𝑛𝑢𝑎𝑙 𝐵𝐼/𝐶𝐶 𝐶𝐸 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑
𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/$/𝑦𝑟 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛

I repeated this procedure for each of the ballot initiatives separately, using the estimated
number of years of suffering avoided by the initiative and its total cost in 2022 dollars. An
example calculation for the relative cost-effectiveness of California Proposition 12 is shown
below, the full summary statistics are in Table 33, and the distributions are shown in
Figures 14 and 15.

𝐶𝐴12 𝑎𝑛𝑛𝑢𝑎𝑙 𝐵𝐼/𝐶𝐶 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝐶𝐸 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝐴12 ℎ𝑒𝑛 𝑦𝑒𝑎𝑟𝑠/$ 𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑎𝑣𝑜𝑖𝑑𝑒𝑑
𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 𝑦𝑟𝑠 𝑝𝑎𝑖𝑛/$/𝑦𝑟 𝐶𝐹 𝑐𝑎𝑚𝑝𝑎𝑖𝑔𝑛

Key Point 5(b): The three ballot initiatives that affected egg-laying hens were about 25% as
cost-effective (12% to 46%) in terms of years of suffering per year of impact as were
cage-free corporate campaigns.

California Proposition 12 and Massachusetts Question 3 were tied as the most cost-effective,
being about 27% (13% to 46%) as cost-effective as corporate cage-free campaigns, compared
to California Proposition 2, which was about 21% (8% to 40%) as cost-effective.

Key Point 5(c): Even California Proposition 2, which permitted enriched cages and only
targeted domestic production, was estimated to have been 21% (8% to 40%) as
cost-effective as corporate cage-free campaigns. This style of initiative may be more
politically and legally feasible than cage-free mandates on all eggs sold in states with high
egg production but which are more conservative than California.

Though, on average, California Proposition 2 was the least cost-effective relative to
corporate campaigns, the result is still notable in a few respects.

First, the range of uncertainty on the cost-effectiveness of each measure overlaps
significantly with the others, so we cannot be extremely confident that California
Proposition 2 was, in fact, less cost-effective than Massachusetts Question 3 or California
Proposition 12.

Moreover, the initiative only required domestic hens to be in enriched cages, not cage-free
aviaries. This requirement may appear less demanding upon industry and consumers and
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thus may be more feasible to pass via ballot measure in conservative states than cage-free
mandates.

Additionally, I intentionally assumed compliance was not universal. However, if the true
compliance rate was 100% (or, on average, higher than 93%), then we would expect
California Proposition 2 to look a bit better than it does here.

Table 33: Relative years suffering avoided per dollar per year of impact for ballot initiatives as a
fraction of the cost-effectiveness of corporate campaigns

Initiative Lower Bound Average Upper Bound

California Prop. 2 0.08 0.21 0.40

Massachusetts Q. 3 0.13 0.27 0.46

California Prop. 12 0.12 0.27 0.52

Total 0.12 0.25 0.46

Figure 14: Relative years of suffering avoided per dollar per year of impact for all ballot initiative
combined vs. corporate campaigns
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Figure 15: Each ballot initiative’s relative years of suffering avoided per dollar per year of impact vs.
corporate campaigns

Limitations

Limitations that would likely overestimate the cost-effectiveness of ballot
initiatives

1. The counterfactual of passing a law might be even more cost-effective than ballot
initiatives in some states.
When assessing the cost-effectiveness of ballot initiatives, perhaps the most relevant
counterfactual intervention is not corporate campaigns after all–it could be a law
passed by a state legislature. For instance, if animal advocates could have easily
gotten a law through the California State Legislature that implements the same
animal welfare requirements as Proposition 12 without spending tens of millions of
dollars, then passing a ballot initiative would appear to have been a mistaken use of
resources. (This analysis assigns no weight to the value of changing public awareness
of animal treatment, which is a byproduct of ballot initiative campaigns.) As such,
ballot initiatives may be less cost-effective than other avenues to policy change, at
least in states whose legislators are amenable to animal welfare regulations.
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2. These estimates do not include the interactions that ballot initiatives have with
legislative and regulatory actions or corporate campaigns.
In this analysis, I am implicitly assuming that the ballot initiatives’ requirements
would not have been passed within the speed-up time but for the ballot initiative. I
do not have information on whether this assumption is reasonable or not.

Moreover, for many ballot initiatives, including those studied, the texts of the
proposals are vague, and legislatures and/or regulatory agencies must thereby play
an important-yet-difficult-to-discern role in setting the ultimate animal welfare
requirements that affect producers. For this reason, it is unclear how much credit to
give to the ballot initiatives themselves–would the legislatures have acted if not for
their citizens’ demands?–or to the ultimate rule-making authorities. I do not
consider the costs of lobbying and organizing for regulation-setting public hearings.
I also assume that the legislatures are not “adding” to the ballot initiatives’ estimated
cost-effectiveness by passing more stringent laws than required by the text of the
initiative, or that additional lobbying resources were needed to make legislatures set
regulations in accordance with the initiatives’ text.

The only exception to this latter assumption that legislatures are not adding to the
requirements is Massachusetts Question 3. In this case, the state legislature may have
been able to allow slightly larger enriched cages based on the text but opted for a
cage-free mandate. For example, the text of Massachusetts Question 3 reads “This
proposed law would prohibit any farm owner or operator from knowingly confining
any breeding pig, calf raised for veal, or egg-laying hen in a way that prevents the
animal from lying down, standing up, fully extending its limbs, or turning around
freely” (Ballotpedia). Moreover, the initiative defines “fully extending the animal’s
limbs” for hens as “fully extending the animal’s limbs means fully spreading both
wings without touching the side of an enclosure or other egg-laying hens and having
access to at least 1.5 square feet of usable floor space per hen” (Ballotpedia). Though
the 1.5 square feet per bird requirement is similar to that required for cage-free
aviaries, the initiative does not require further changes to cages that afford hens the
ability to roam freely, access nests, and have other amenities necessary for their
welfare. As such, the initiative’s text is consistent with both enriched cages and
cage-free environments being permitted.

However, five years after the passage of Massachusetts Question 3, the Massachusetts
legislature passed and signed into law Senate Bill 2603, which both delayed the
implementation of Question 3’s requirements and amended the language adopted
in Massachusetts Question 3 to require cage-free aviaries. Specifically, the law now
prohibits eggs from being sold if they were from an “egg-laying hen in an enclosure
other than a cage-free housing system" in addition to hens having less than 1.5
square feet of space (or 1 square foot if using multi-tiered aviaries) (Ballotpedia).
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Moreover, the bill specifically states that “‘cage-free housing system’ shall not
include systems commonly described as “battery cages”, “colony cages”, “enriched
cages”, “enriched colony cages”, “modified cages”, “convertible cages” or “furnished
cages” or other similar cage systems” (The General Court of the Commonwealth of
Massachusetts, 2021).

It is slightly unclear whether, if Question 3 were not passed, the Massachusetts
legislature would have passed a cage-free mandate, an enriched-cage mandate, or
done nothing to address animal welfare, within the four-year speed-up time. An
optimistic case for ballot initiatives’ efficacy is that they give animal-welfare-aligned
legislators the necessary backing for passing more aggressive reforms and convince
more skeptical lawmakers that the public is willing to support better ethical
standards, and that lacking an initiative would have meant aggressive reforms would
not have been passed. In addition, legislature-derived bills may become significantly
watered down through the committee process such that the final product is much
less stringent than a viable ballot initiative would be. A pessimistic case is that the
legislature was going to pass a cage-free mandate regardless of Massachusetts
Question 3 and that the millions spent on the campaign could have been reduced
significantly.

I think the former case, that the legislature would not have passed an equivalent bill
within the four-year speed-up time, is the most likely. This is because Massachusetts
has an indirect ballot initiative process only, meaning that, for a citizen initiative to
go to the ballot, the legislature has to first decline to pass it into law on its own
(Ballotpedia). The fact that the legislature prior to the 2016 election did not pass an
equivalent bill to Question 3 suggests it is unlikely that the legislature would have
implemented these standards during the remainder of its two-year term
(Ballotpedia). It’s a little more of a stretch to assume that the legislature would not
have passed the ballot initiative into law over the next four years, but not an
unreasonable one, given their unwillingness to take up the ballot initiative before the
2016 election.

Because of this ambiguity in Massachusetts Question 3, I also estimated the
cost-effectiveness of the initiative if the legislature had interpreted it to mean only
requiring enriched cages or better. In my calculations, I estimated that the
cost-effectiveness would not have been significantly different if enriched cages were
permitted versus the reality in which cage-free aviaries were mandated.

This limitation does not apply well to California Proposition 12, whose text is
extremely clear in specifying that, starting in 2022, all eggs must come from hens
whose housing meets the United Egg Producers’ cage-free standards. (The initiative
also mandated that all eggs sold must, starting in 2020, come from hens housed with
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at least one square foot of space apiece, which is consistent with enriched cages,
distinct from the 2022 cage-free mandate, and was not amended by further
rulemaking.) (California Department of Food and Agriculture) Similarly, the
language of California Proposition 2 only requires that egg-laying hens be able to
“lie down, stand up, fully extend their limbs and turn around freely,” which was
codified by the California Department of Food and Agriculture in a regulation
mandating that each hen must have a minimum floor space (not to fall below 116
square inches) (California Department of Food and Agriculture). In both of these
cases, the regulatory bodies interpreted the rules in a manner that did not expand
the welfare requirements stipulated in the initiative and made it possible to separate
the requirements into either allowing enriched cages or mandating cage-free
aviaries.

Similarly, corporate campaigns plausibly have had an effect on the extent to which
farmed animal ballot initiatives have been successful. For example, egg producers
may not have resisted state-wide legislation mandating cage-free aviaries as much as
they would counterfactually have had animal welfare campaigns not already put
pressure on the buyers of those eggs (i.e., corporations) to change their practices.
Moreover, even producers who have not already switched may reason that, if the
ballot initiative were to fail, then they would be subject to a corporate campaign
eventually. Therefore, the costs of passing a ballot initiative would likely be higher in
a world in which corporate campaigns did not already take place or were not able to
be threatened as an alternative to policy changes. That being said, ballot initiatives
may ultimately have saved animal welfare groups money because they no longer
need to pursue targeted, company-by-company campaigns–a factor which would
tend to make ballot initiatives more cost-effective than estimated here.

3. The sample size is four initiatives–and all of them passed

To get a more accurate sense of the cost-effectiveness of ballot initiatives aimed at
improving animal welfare, one would need to have a much larger sample size than
four initiatives passed in three states.

Moreover, none of the initiatives failed (which is likely partly due to the
non-random selection of states to target). Thus, the cost-effectiveness of these past
ballot initiatives is likely larger than it would be in a future in which more initiatives
are attempted in a wider variety of states, where the probability of success is lower.

4. Volunteer time and legal fees are not included in the cost of an initiative

Because volunteers are by definition not paid and, because we do not know the
tradeoffs individuals face in making the decision to devote time to a campaign,
volunteer time is not included in the cost of an initiative.
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This is not a problem if volunteers would not be doing other paid labor if they were
not volunteering. However, it is possible that volunteer time is or would be a
significant bottleneck to future ballot initiative endeavors, more than fundraising.

In addition, California Proposition 2 (Ballotpedia), Massachusetts Question 3
(Ballotpedia), and, most notably, California Proposition 12 (Ballotpedia) have faced
lawsuits over the welfare standards set forth in them. I did not include the costs
associated with defending against these challenges for a few reasons. First, it is not
known how much the defendants spent on legal fees. Secondly, these are
downstream costs which, like compliance, I chose to not include in the analysis of
how much it cost to initially pass the ballot initiative. Finally, because California
Proposition 12 was held constitutional, future states will likely not have to face such
strong legal opposition.

Limitations that would likely underestimate the cost-effectiveness of ballot
initiatives

1. My definition of “suffering” as pain fitting the criteria of “Disabling pain” used by
the Welfare Footprint Project is fairly strict–other reasonable-yet-less-strict
definitions could lead to large increases in the estimated cost-effectiveness of
ballot initiatives.
The definition used for suffering was technically “equivalent to the Welfare
Footprint Project’s definition of disabling pain, with other types of pain added in
with arbitrary multiplicative weights.” One could disagree with the weights I
assigned to each type of pain. But one could equally disagree with my rather
conservative assumption that the correct type of pain to measure suffering against is
disabling pain. For instance, one could reasonably keep all my relative weights
constant but rather assume that “Hurtful” pain should receive a weight of one–i.e.,
suffering should be defined as hurtful pain, which is less severe than disabling pain.

Reweighting does not matter for the estimates of the number of animal years
affected or for the relative cost-effectiveness of ballot initiatives that created
cage-free mandates compared to cage-free corporate campaigns. However, it might
matter for the initiatives that allowed enriched cages (California Proposition 2, and
two years of California Proposition 12). Moreover, if one wanted to translate the
estimates into DALY-equivalents or some other metric used to measure human
pain, then one would need to be much more careful and rigorous about the chosen
definition of suffering and weights for each type of pain.
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2. The assumed proportion of veal calves living in extremely confining stalls relies on
one report from one industry group.
As emphasized elsewhere in this report, my estimates of the proportion of veal
calves that are confined in stalls that do not let them lay down, stretch, or turn
around relies on a single report from the American Veal Association that all veal
calves on its members’ farms are raised in group housing and not in individual stalls.
I know neither if this report from the American Veal Association is accurate, nor if
the American Veal Association member farms’ practices are representative of veal
producers in general.

However, I do not think that the impacts on veal calves would increase by over an
order of magnitude if, in fact, all veal calves were raised in non-compliant housing.
Take the Massachusetts Question 3 analysis, for which I assumed that zero to 10% of
veal calves were confined in non-compliant housing and in which I estimated that
zero to 1,500 years of veal calf life were affected by the initiative. If we multiplied
the upper bound of this impact estimate by 10, the impact of the veal calf reforms in
terms of years of animal life affected would still be a tiny fraction of the impact the
initiative had on egg-laying hens. Furthermore, because Massachusetts Question 3
had the lowest assumed proportion of veal calves affected, the adjustment to the
results of the other ballot initiatives would be even less.

3. The number of years of counterfactual credit to give to an initiative is difficult to
assess, and the cost-effectiveness is non-linearly related to speed-up time.
As emphasized throughout this report, the decision to give any one ballot initiative
four years of counterfactual credit (that is, saying the same rules would have been
implemented four years later but for the initiative) was ultimately arbitrary.

Moreover, simply inputting a speed-up time of, say, 12 years does not multiply the
cost-effectiveness contained in this report by three because, at least for hens, the
proportion of egg-laying hens that are cage-free has lately been increasing each
year. These market forces mean that the annual impact of a mandate might be
decreasing on average over time.

4. I assume that the demand for eggs is inelastic, but if welfare requirements lead to
higher prices and lower quantities of eggs sold, then the number of additional
hens required to produce the market equilibrium quantity of eggs following a
transition to cage-free housing would be lower than that which is assumed here.
Cage-free ballot initiatives likely cause supply contractions because cage-free
welfare requirements raise the costs of producing eggs (Sumner et.al, 2011). As such,
both during the transition from battery cages to cage-free aviaries and afterwards,
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the price of eggs tends to increase from its prior level. Depending on the elasticity of
demand for eggs,22 the equilibrium quantity of eggs sold may decrease (at best, it
will stay the same). If this decrease in the quantity of eggs sold translates into fewer
hens coming into existence, and if these hens have net-negative lives (I think this is
plausible, even in cage-free settings), then we’re underestimating the
cost-effectiveness of ballot initiatives by excluding the welfare losses averted by
decreasing the number of hens in existence.

This is particularly relevant to the estimation of how many additional hens come
into existence when a cage-free mandate is put in place, because we’re assuming
that, on average, the same quantity of eggs requires more hens to produce. As such,
if we find that the elasticity of demand is non-zero, then the market equilibrium
quantity of eggs will be lower, and cage-free mandates will appear relatively better
than they do currently when compared to simple bans on conventional cages.

Limitations with an unknown effect on the generalizability and accuracy of
these results to the cost-effectiveness of ballot initiatives more broadly

1. We omitted indirect effects of the ballot initiatives, outside of the individual
animals helped.
There are several downstream effects that the ballot initiatives may have had on
animal welfare but which I did not consider in this analysis. Some of these indirect
effects would, if included, likely mean I’ve underestimated the cost-effectiveness of
ballot initiatives: for example, improving sow welfare might also improve piglet
welfare (Kinane et.al, 2021).

However, there are other indirect effects where it’s unclear if the effect is good or
bad. Take, for instance, any possible impacts of ballot initiatives on the overall social
acceptability of factory farming. It’s possible that improving the welfare of
factory-farmed animals will lead to complacency, and that we’ll have factory
farming around longer than if conditions remained miserable and we focused on
factory farming abolition, veganism, or cultivated meat. On the other hand, it could
be that drawing attention to factory farming will raise public awareness and hasten
its end.

Another notable indirect effect of Proposition 12 in particular is that the resulting
lawsuit and Supreme Court ruling provided clarity to animal advocates, producers,
and the public alike regarding the constitutionality of regulations that affect

22 Sumner, et. al. estimates that the demand for eggs isn’t very elastic, stating that “sustained
farm price increases of 40% would likely reduce consumption by less than 10%” (Sumner et.
al., 2011).
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commerce beyond state borders. This additional clarity may make future ballot
initiatives more easy to pass because advocates have less reason to fear the law being
overturned and producers have less incentive to fight the laws in court. However, the
impact of future initiatives might be decreased as a result of Proposition 12 because
many out-of-state producers will transition to more-humane housing arrangements
to be able to sell to California, leaving fewer animals to affect with an initiative. We
ultimately do not know the direction or size of these indirect effects, so I chose to
exclude them from the model.

2. The Welfare Footprint Project model assumes pain from different causes can be
experienced in an additive way when they are simultaneously present.
For example, the methodology of the Welfare Footprint Project assumes that the
time in disabling pain from one injury (eg., a keel bone fracture) and the time of
disabling pain from another injury (nest deprivation) are added together, even if
experienced simultaneously. This assumption implies that there are gradations
within the categories of pain themselves, such that disabling pain from two sources
is worse (in a linear fashion) than disabling pain from one.

The authors of the Welfare Footprint Project reports explicitly recognize that this
assumption could be modified if more research were produced regarding how pain
scales with increased stressors. For instance, in their chapter on depopulation and
transport, the authors write that, for concurrent harms, “[t]hese estimates assume
that the aversive experience of one harm is not affected by the other, but future
refinements (including synergistic effects) are possible” (Schuck-Paim & Alonso,
2021, pp. 13). One potential refinement recently suggested by the Welfare Footprint
Project would be to calculate cumulative pain under the assumption that, when
multiple sources of pain are experienced at once, the most severe pain will
dominate the attention of the animal (Schuck-Paim & Alonso, 2023).

I do not know enough about the typical timing of injurious harms to hens
throughout their lives to subtract out the possible overlap of pain to get a more
conservative, lower bound estimate of lifetime pain if we were to reject the
assumption that simultaneous injuries can add to overall pain time. However, I am
skeptical that the total suffering-reduction estimates for these initiatives would drop
by an order of magnitude if the most conservative assumption were adopted.
Moreover, this limitation applies only to the absolute and relative cost-effectiveness
of ballot initiatives when measured in terms of “years suffering avoided per dollar.”
This objection does not apply to the cost-effectiveness when measured in terms of
animal years affected per dollar, because these metrics do not apply the additional
steps of translating years affected into years of suffering avoided. Finally, there
remains a possibility that experiencing two sources of disabling pain at the same
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time is more than twice as bad as experiencing each sequentially. As the Welfare
Footprint Project notes, “synergistic” effects must be studied further.

3. There were a lot of variables, and some were based on guesses.

In my Causal model, there are over 200 variables (including inputs and calculations)
that feed into the final measures in the “Overall Cost-Effectiveness” section. Most of
these variables, such as fundraising numbers, were based on hard evidence reported
from reputable sources. However, some of my inputs–such as the intensity of pain
experienced by veal calves and sows, the reduction in pain from banning extreme
veal confinement and gestation crates, and the fraction of hens that switch from
conventional cages to cage-free aviaries when producers are allowed to choose
enriched cages–were reasonable but ultimately arbitrary figures. I also assumed that
the confinement of veal calves in non-compliant individual stalls was, on average,
phased out by 2017, with some uncertainty in this estimate.

I do my best to document my evidence for every input throughout the report, but it
is entirely possible that there was a mistake of an order of magnitude or more
somewhere in the report. I welcome further refinements of the model parameters.

4. I assume that hens, veal calves, and breeding sows are equal in terms of capacity
to suffer.
Regarding the capacity to suffer, it is entirely possible that the range of realizable
welfare differs between the three species. For instance, if humans can feel welfare
states of -10 to 10, it’s possible that the range of welfare that pigs can feel is 60% as
wide but for hens, it’s 40% as wide. If evidence revealed that pigs could realize over
~1000 times the range of welfare that hens can, this would undo the overall
conclusion that egg-laying hen reforms were more effective at reducing suffering
than the breeding sow reforms.

I find it intuitively unlikely, however, that the disparity in welfare capacities between
sows and hens could be so vast. Even more implausible is the idea that veal calves
have a sufficiently wide welfare range that their welfare improvements as a result of
these ballot initiatives could outweigh that of egg-laying hens. The lower relative
impact of sows and veal calves on the total welfare improvement metrics does not
imply that the veal calf and breeding sow reforms were not worth doing–indeed, if
the marginal cost of adding veal calves and breeding sow protections was near zero,
then it would be likely cost-effective. However, based on the assumption of equality
amongst the three animal species, egg-laying hens clearly are responsible for most
of the impacts on animal welfare that resulted from the ballot initiative.
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5. The analysis only includes three types of animals.

Only the welfare of veal calves, breeding sows, and egg-laying hens was targeted by
the ballot initiatives studied. The cost-effectiveness could therefore change if more
types of animals were included in future ballot initiatives. Two notable animal
varieties are broiler chickens and farmed fish–because they are raised in such large
numbers for human consumption, the potential impact of mandating better
housing conditions is enormous. However, because previous ballot initiative
designers have not included them means we have no idea how feasible broiler
chicken and farmed fish reforms are.

Moreover, it is possible that the framers of the ballot initiatives purposefully
excluded these animals because they foresaw more difficulties in getting the overall
ballot initiative passed. Thus, these cost-effectiveness results should be applied to
future ballot initiatives targeting different farm animal species with caution.

6. Low-hanging fruit (easy-to-pass ballot initiatives) may be picked–or not, depending
on your counterfactual.
With the exception of Arizona Proposition 204, all the ballot initiatives were passed
in states that are quite liberal and comparatively wealthy. According to a 2018 Gallup
poll, Massachusetts ranks number one in the percentage of its residents who
self-identify as Democrats (56% of residents), and California ranks sixth (at 51%)
(Jones, 2018). Massachusetts was also the second wealthiest state in 2022 (in terms of
median household income) and California is the fifth (Fitzgerald, 2022).

If either being more liberal (Tian, 2022) or more wealthy is associated with a higher
likelihood of voting for a ballot initiative to protect animal welfare at the cost of
more expensive food, then it is possible that the cost-effectiveness estimates in this
report are higher than they would be if similar initiatives were attempted in
less-liberal states. Moreover, even if such ballot initiatives are feasible in more
conservative or less wealthy states, it is possible that the vote margin may be tighter
and thus the initiatives are more expensive to pass. Simply put, the lowest-hanging
fruit could be picked.

To counter this idea, it is possible that ballot initiatives may be less likely to pass
and/or be less cost-effective in more conservative states, but that in such states,
legislative actions are entirely out of the question. Therefore, it could be argued that,
in a world in which corporate campaigns have been mostly exhausted, ballot
initiatives could be a promising form of policy change in some states, even if direct
legislative action is more feasible in others.
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One study from 2014 used demographic data to model the vote share that a
hypothetical initiative designed like California Proposition 2 would receive in all
states. Amongst the states that allow ballot initiatives, Proposition 2 is predicted to
gain above 50% of the votes in several of them. Depending on the model, these
potential states could include Washington, Nevada, Michigan, Oregon, and
Colorado, amongst others (Smithson et. al. 2014, pp. 120, 122). Though a few of
these states have already passed legislation to implement some farmed animal
welfare standards on the state level (Smithson et. al. 2014, pp. 122), and though the
study only estimated the likelihood of passing initiatives that affect domestic
animals, it seems plausible that initiatives impacting all goods sold in-state could
pass in more states than just California and Massachusetts.

In the end, we really do not yet know if the cost-effectiveness of ballot
initiatives–especially ones modeled after California Proposition 12 and
Massachusetts Question 3–generalizes to states with political ideologies, wealth, and
other demographics that differ from California and Massachusetts (which are
themselves outliers). Additionally, we do not know how the cost-effectiveness
relative to legislative action varies across state lines.

All this said, breeding sows, veal calves, and egg-laying hens–not to mention other
farmed animals, such as broiler chickens and farmed fish–still face many other
welfare challenges that have not been addressed by even the furthest reaching of
these ballot initiatives. As such, California and Massachusetts may still prove to be
good testing grounds for ballot initiatives targeting these other welfare challenges.
However, the cost-effectiveness of such potential initiatives is beyond the scope of
this analysis.

7. I assume that there is incomplete-yet-high compliance with the ballot initiatives
among in-state producers and incomplete accuracy in restricting imports to
welfare-compliant products. If this assumption is inaccurate, the cost-effectiveness
will change.
In the Inputs section, I assumed that 85% to 100% of in-state producers complied
with Arizona Proposition 204 and California Proposition 2, and that 90% to 100% of
producers complied with Massachusetts Question 3 and California Proposition 12.
Moreover, I assume that California and Massachusetts are imperfect at restricting
imports to only welfare-compliant products, such that the initiative has 90% to 100%
of its potential effect on imported products. If the true rates of compliance and
import restriction accuracy are closer to 100%, then the cost-effectiveness would be
higher than estimated here.
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Appendix

Ballot Initiative Selection – Detailed Scraping Procedure

My first step was to scrape the NCSL’s Statewide Ballot Measures Database using a Python
file. To do so, I set the filters on the database to include ballot measures from all states, all
years, and all election types (primary, general, or special). I set the topics filter to include
measures tagged as relating to “Animal Rights/Hunting & Fishing”. I wrote two separate
scrapers to gather data on ballot initiatives and popular referenda since both of these
originate with citizens. The data fields collected included: the measure title, the measure ID
(eg., Proposition 12), the year, the election type, the bill type (initiative or popular
referendum), the percentage of voters who voted yes, and the summary of the measure.
Once the data were collected, I stored them in separate CSV files for initiatives and popular
referenda. Then, I aggregated the results into a single CSV file called “All Animal Ballot
Initiatives” and added a column for the state the ballot measure was from. In total, I found
118 ballot initiatives and 17 popular referenda using the scraper with one duplicate, for 134
unique ballot measures. I double-checked the database and identified three ballot measures
that had been missed by the web scraper: Alaska I 80-08 (Personal Consumption of Fish
and Game) from 1982, Arkansas Proposed Amendment 50 (Horse Racing and Pari-Mutuel
Wagering in Hot Springs) from 1956, and Arkansas Proposed Amendment 67 (Levy 1/8 of 1%
Sales and Use Tax to be Used by State Game & Fish Commission) from 1984.

My second step was to identify ballot measures that may not have been contained in
NCSL’s database using the Ballotpedia catalogs “Treatment of animals on the ballot”
(Ballotpedia) and “Hunting and fishing on the ballot” (Ballotpedia). The three additional
ballot initiatives I identified were: Michigan Proposal 14-2 (A Referendum of Public Act 520
of 2012, Establishing a Hunting Season for Wolves and Authorizing Annual Wolf Hunting
Seasons) from 2014, Michigan Proposal 06-3 (A Referendum on Public Act 160 of 2004 -
An Act to Allow the Establishment of a Hunting Season for Mourning Doves) from 2006,
and Ohio Issue 2 (Create Ohio Livestock Care Standards Board) from 2009.

Third, I found campaign finance data for as many ballot initiatives as possible. I started
with the FollowTheMoney.org database for ballot measures fundraising, and I created a
filter that included measures involving “Agriculture - Animal Welfare” during any year and
in any state and collected fundraising data for them. Then, I created a filter for ballot
measures involving “Hunting & Wildlife” during any year in any state and likewise entered
the fundraising data (OpenSecrets). Additionally, I used Ballotopedia.org to search for
fundraising numbers for ballot initiatives that lacked such data on FollowTheMoney.org. In
the end, there were 21 ballot initiatives whose campaign finance information was available
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from these two sources. The spreadsheet “Ballot Initiatives with Data”23 contains the source
for the fundraising numbers for each of the 21 measures. I attempted to find additional data
by Google searching for state-by-state ballot initiative campaign finance data or campaign
finance data for individual initiatives. However, it appears that many states do not require
disclosures for ballot initiative campaign contributions, or only started requiring them
within the past ~25 years.

My third step was to narrow the scope of my cost-effectiveness analysis to focus on ballot
initiatives that mandate specific welfare requirements in farm animal operations. This
decision was made because more state-level data exists for farmed animals than for wild
animals, making the report easier to accomplish and more useful to farmed animal welfare
advocates. This excluded a great number of ballot initiatives related to hunting since the
empirical uncertainties around wild animal welfare are too great to analyze informatively.
Additionally, I excluded ballot initiatives related to dog races and gambling at such races.
Finally, I excluded one ballot initiative, Ohio Issue 2: “Create Ohio Livestock Care
Standards Board” because the initiative did not mandate any specific farmed animal
conditions, but rather created an oversight board to make regulations. I excluded this ballot
measure because its impacts would be indirect and extremely difficult to track (the new
regulations passed by the commission would create any direct impact the initiative has). In
the end, there were four ballot initiatives that fit this category: Arizona Proposition 204
(2006), California Proposition 2 (2008), Massachusetts Question 3 (2016), and California
Proposition 12 (2018), all of which were included in the analysis.

Estimating the Change in Suffering After a Cage-Free Mandate for All Eggs
Sold
As shown in earlier sections, cage-free requirements likely require more hens to produce a
given quantity of eggs. As such, reductions in the per-hen amount of suffering may be
partially offset by the increase in the number of hens alive at any time. Here, I arrive at a
general formula that can be used to estimate the change in suffering from a cage-free
mandate that takes into consideration both of these factors.

Assume, for maximum conservativeness, that the price elasticity of demand for eggs is
zero.24 If cage-free hens and conventionally caged hens are equally productive (in terms of
eggs per year), then we would expect the decrease in total suffering per year to equal:

24 This leads to conservative estimates of the amount of suffering reduced because increases
in the prices of eggs due to a cage-free mandate could, all else equal, lead to fewer hens
existing. If they have net-negative lives, then this is good for the cost-effectiveness of ballot
initiatives.

23 Ballot Initiatives with Data
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∆𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 (𝑦𝑟𝑠/𝑦𝑒𝑎𝑟) =  𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟
𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑒𝑎𝑟( ) × (𝑃𝑟𝑜𝑝 ℎ𝑒𝑛𝑠 𝐶𝐶) × (𝐶𝐶 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟 − 𝐶𝐹 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟)

Where we multiply the number of hens required to produce the number of eggs sold (the
first term) by the proportion of those hens who are subject to the mandate (i.e., they were
previously conventionally housed) by the change in suffering per hen per year of its laying
period as they switch from conventional cages to cage-free housing.

However, if each cage-free hen is less productive per unit time than the conventionally
caged hens, then we have to do a little more work to find the change in suffering. Before the
cage-free mandate is implemented, the amount of suffering per year is equal to the
suffering of the conventionally caged hens plus that of the cage-free hens:

𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔
0

= (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(𝑃𝑟𝑜𝑝 𝐶𝐶)×(𝐶𝐶 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟)
𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟 + (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(1−𝑃𝑟𝑜𝑝 𝐶𝐶)×(𝐶𝐹 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟)

𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟

After the mandate, all of the hens are cage-free, so the total amount of suffering is:

𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔
𝑓

= (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(𝐶𝐹 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟)
𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟

The reduction in suffering is equal to the suffering before the mandate minus the suffering
after the mandate takes effect:

∆𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 = (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(𝑃𝑟𝑜𝑝 𝐶𝐶)×(𝐶𝐶 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟)
𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟 + (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(1−𝑃𝑟𝑜𝑝 𝐶𝐶)×(𝐶𝐹 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟)

𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟

− (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(𝐶𝐹 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟)
𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟

= (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(𝑃𝑟𝑜𝑝 𝐶𝐶)×(𝐶𝐶 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟)
𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟 + (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(𝐶𝐹 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟)

𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟

− (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(𝑃𝑟𝑜𝑝 𝐶𝐶)×(𝐶𝐹 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟)
𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟 − (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(𝐶𝐹 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟)

𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟

= (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟) × (𝑃𝑟𝑜𝑝 𝐶𝐶) × (𝐶𝐶 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟
𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟 − 𝐶𝐹 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟

𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟( )
If we let , then the decrease in suffering𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠 =  (𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟)/(𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟)
becomes:

∆𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔 =  (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(𝑃𝑟𝑜𝑝 𝐶𝐶)
𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟( ) × 𝐶𝐶 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟

𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠 − 𝐶𝐹 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟( )
Notice how this equation strongly resembles the equation for the change in suffering if
cage-free hens and conventionally caged hens are equally productive. Moreover, if

, then the decrease in suffering per year due to the cage-free mandate is𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠 > 1
less than it would be if . This is consistent with what we would expect: if𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠 = 1
the cage-free hens are less productive on average, then there are more needed, and the
welfare benefits of cage-free mandates are somewhat diminished.

Now, whether there’s a net reduction in suffering due to a cage-free mandate depends on
whether or the difference𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠 (𝐶𝐶 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟 − 𝐶𝐹 𝑆𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔/ℎ𝑒𝑛/𝑦𝑟)
dominates the equation.
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Estimating the Net Number of Hens Whose Welfare Improves from a Cage-Free
Mandate
If cage-free and conventionally caged hens were equally productive, then the number of
hens helped by a cage-free mandate would be equal to the number of caged hens prior to
the mandate (since the welfare of cage-free hens, we’re assuming, is constant).

𝐻𝑒𝑛𝑠 ℎ𝑒𝑙𝑝𝑒𝑑 =  𝐶𝐶 𝐻𝑒𝑛𝑠 =  (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(𝑃𝑟𝑜𝑝 𝐶𝐶)
𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟

However, if cage-free hens are not as productive, then I assume that the net number of
hens helped is equal to the conventionally caged hens who transition to being cage-free
minus the increase in the hen population. In doing so, I am assuming that even cage-free
hens have net-negative lives.
Before the mandate, the number of hens equals:
𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑛𝑠

0
= 𝐶𝐶 𝐻𝑒𝑛𝑠 +  𝐶𝐹 𝐻𝑒𝑛𝑠

Define to be the ratio of cage-free𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠 =  (𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟)/(𝐶𝐹 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟)
hens who are needed per caged hen to produce the same number of eggs. After the
mandate, the number of hens equals:
𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑛𝑠

𝑓
 =  (𝐶𝐶 𝐻𝑒𝑛𝑠) × (𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠) + (𝐶𝐹 𝐻𝑒𝑛𝑠)

The change in the number of hens (an increase, if ) is equal to:𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠 > 1
∆𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑛𝑠 =  𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑛𝑠

𝑓
− 𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑛𝑠

0
= (𝐶𝐶 𝐻𝑒𝑛𝑠) × (𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠) − (𝐶𝐶 𝐻𝑒𝑛𝑠)

Factoring out the term yields:𝐶𝐶 𝐻𝑒𝑛𝑠
∆𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑛𝑠 = (𝐶𝐶 𝐻𝑒𝑛𝑠) × (𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠 −  1)

We can think of the net number of hens helped by a transition to cage-free housing as the
number of already-existing caged hens that transition to being cage-free (the number
benefitted) minus the number of hens who wouldn’t have been alive but for the cage-free
transition (the number harmed, assuming cage-free hens have net negative lives).

In total, then, the net number of hens that benefited from the cage-free transition is equal
to the sum of the number of caged hens that existed before the transition to cage-free
housing (who are presumably all still affected) minus the increase in the number of hens as
a result of the lower productivity of cage-free hens:
𝑁𝑒𝑡 𝐻𝑒𝑛𝑠 𝐻𝑒𝑙𝑝𝑒𝑑 = 𝐶𝐶 𝐻𝑒𝑛𝑠 − (𝐶𝐶 𝐻𝑒𝑛𝑠) × (𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠 −  1) = (𝐶𝐶 𝐻𝑒𝑛𝑠) × 2 − 𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠( ) 

Which, using the total eggs sold and productivity of conventionally caged hens is equal to:

𝑁𝑒𝑡 𝐻𝑒𝑛𝑠 𝐻𝑒𝑙𝑝𝑒𝑑 = (𝐸𝑔𝑔𝑠 𝑠𝑜𝑙𝑑/𝑦𝑟)×(𝑃𝑟𝑜𝑝 𝐶𝐶)
𝐶𝐶 𝐸𝑔𝑔𝑠/ℎ𝑒𝑛/𝑦𝑟( ) × 2 − 𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠( )

Intuitively, if there are more hens required to produce cage-free eggs, then
and the net number of hens helped is less than the number of2 − 𝑅𝑎𝑡𝑖𝑜 𝐶𝐹/𝐶𝐶 ℎ𝑒𝑛𝑠( ) < 1

hens that would be helped if conventionally caged hens and cage-free hens were equally
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productive. If they’re equally productive, then the number of hens helped is the same as
the number of conventionally caged hens who lived prior to the transition.

Estimating the Proportion of Pork Exempt from California Proposition 12 and
Massachusetts Question 3
To estimate the impact of California Proposition 12 and Massachusetts Question 3 on
breeding sows, I needed to find the proportion of meat that is exempt from the regulations.
Meat that is not considered “whole pork meat” is exempt; for example, California
Proposition 12 exempts from its requirements:

“combination food products (including soups, sandwiches, pizzas, hot dogs, or
similar processed or prepared food products) that are comprised of more than pork
meat, seasoning, curing agents, coloring, flavoring, preservatives, and similar meat
additives” (Ballotpedia).

Massachusetts Question 3 similarly exempts:
“sales of food products that combine veal or pork with other products, including
soups, sandwiches, pizzas, hotdogs, or similar processed or prepared food items”
(Ballotpedia).

The University of California, Davis agricultural economist Daniel Sumner estimates that,
because this exemption covers lunch meat, sausage, hot dogs, and more, approximately 40%
of pork products will not be subject to the animal welfare requirements (Broehm, 2022). To
test this 40% figure, I found data on the amount of processed meat consumed by
Americans, collected by the CDC’s National Health and Nutrition Examination Survey. It
found that Americans who are at least 20 years old consume an average of 73.3 g/wk of
lunch meat, 45.5 g/wk of sausage, and 17.5 g/wk of hot dogs (Zeng et. al., 2019). Additionally,
ham is the most popular form of lunch meat (Chalabi, 2014). Assuming that half of the
lunch meat consumed is ham, all sausage is pork-based, and 40% of hot dog meat is
pork-based (Filippone 2022), then I calculate that Americans eat 4.2 lbs/year of ham lunch
meat, 5.2 lbs/year of sausage, and 0.8 lbs/year of pork in hot dogs.

ℎ𝑎𝑚 𝑙𝑢𝑛𝑐ℎ 𝑚𝑒𝑎𝑡/𝑝𝑒𝑟𝑠𝑜𝑛/𝑦𝑟 = (73.3𝑔/𝑤𝑘)*(0.5)*(52 𝑤𝑘𝑠/𝑦𝑒𝑎𝑟)
454𝑔/𝑙𝑏 = 4. 2 𝑙𝑏𝑠/𝑝𝑒𝑟𝑠𝑜𝑛/𝑦𝑟 

𝑠𝑎𝑢𝑠𝑎𝑔𝑒/𝑝𝑒𝑟𝑠𝑜𝑛/𝑦𝑟 = (45.5𝑔/𝑤𝑘)*(1.00)*(52 𝑤𝑘𝑠/𝑦𝑒𝑎𝑟)
454 𝑔/𝑙𝑏 = 5. 2 𝑙𝑏𝑠/𝑝𝑒𝑟𝑠𝑜𝑛/𝑦𝑟

𝑝𝑜𝑟𝑘 ℎ𝑜𝑡 𝑑𝑜𝑔𝑠/𝑝𝑒𝑟𝑠𝑜𝑛/𝑦𝑟 = (17.5 𝑔/𝑤𝑘)*(0.40)*(52 𝑤𝑘𝑠/𝑦𝑒𝑎𝑟)
454 𝑔/𝑙𝑏 = 0. 80 𝑙𝑏𝑠/𝑝𝑒𝑟𝑠𝑜𝑛/𝑦𝑟

In total, the average American eats about 10.2 lbs per year of pork in the form of lunch
meat, sausage, and hot dogs. This may be an overestimate because these types of meat
often have other substances added to them, but it may be an underestimate if people
underreport their processed meat consumption. Caveats aside, if we compare this 10.2 lbs
to the annual 66.2 lbs of pork consumed per person per year (Christen, 2021), we find that
approximately 15% of Americans’ pork consumption is hot dogs, lunch meat, and sausage.
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Thus, I think that the 40% figure quoted by Sumner might be an upper bound on the
amount of pork not covered by Prop 12, and the 15% figure I calculated is a likely
underestimate because it only accounts for three popular products. As a result, I estimate
the percentage of pork not covered by Prop 12 is normally distributed between 15% and 40%
with 95% confidence. This is a large amount of uncertainty, and further research is needed.
Additionally, it may be that the percentage of sows exempt from Prop 12 is not equal to the
percentage of pork exempt, as some of the processed meats may be made from scraps of
pork that would otherwise be wasted. Nonetheless, I will use this confidence interval of 15%
to 40% reduction in animals covered for a conservative estimate of the number of sows
exempt from California Proposition 12 and Massachusetts Question 3.

California Monthly Veal Calf Estimates

The monthly data on the number of veal calves slaughtered in California are listed in Table
33 below, and the resulting summary statistics for the average monthly number of calves
slaughtered are in Table 34.

Table 33: California monthly veal calf production, 2020

Month (2020) Veal Calves
slaughtered
(1000s)

Month (2020) Veal calves
slaughtered
(1000s)

Jan. (USDA, 2021) 4.6 Jul. (USDA, 2021) 5.4

Feb. (USDA, 2021) 4.2 Aug. (USDA, 2021) 5.2

Mar. (USDA, 2021) 4.5 Sep. (USDA, 2021) 4.8

Apr. (USDA, 2021) 4.6 Oct. (USDA, 2021) 4.0

May (USDA, 2021) 4.7 Nov. (USDA, 2021) 3.9

Jun. (USDA, 2021) 5.1 Dec. (USDA, 2021) 4.3

Table 34: Summary statistics for average monthly calf production in California, 2020

Statistic Number of Calves (1000s)

Average 4.641

Standard Deviation of Mean 0.143

Lower Bound, 95% Confidence Interval 4.326

Upper Bound, 95% Confidence Interval 4.957
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The standard deviation of the mean was estimated by dividing the sample standard
deviation by the square root of the number of months per year:

where and represents the number of calves slaughtered in𝑠
𝑥̄

= 1
12

𝑡=1

12

∑ (𝑥
𝑡
−𝑥̄)2

11 𝑥̄ = 1
12

𝑡=1

12

∑ 𝑥
𝑡

𝑥
𝑡

month .𝑡

The 95% confidence interval for the average number of veal calves produced monthly in
California was calculated using the formula:

where is the critical t-score for a 95% confidence𝐿𝐵,  𝑈𝐵( ) = 𝑥̄ ± 𝑡
0.025, 11

× 𝑠
𝑥̄

𝑡
0.025, 11

≈ 2. 201

interval with 11 degrees of freedom.
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