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Abstract: The Affordable Care Act’s subsidies enable seven million Americans to purchase  

zero-premium insurance plans. Millions more are eligible for generously subsidized health plans 

with small, positive premiums. What difference does a premium of zero make, relative to a 

slightly positive premium? Using a regression discontinuity design and administrative data from 

Colorado, we find that zero-premium plans increase coverage substantially, primarily by helping 

low-income households begin coverage sooner. The main mechanism is eliminating the 

transaction costs of having to make on-time payments to begin coverage.  Transaction costs may 

be a meaningful barrier to subsidized insurance coverage take-up, particularly for low-income 

families. 
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1. Introduction 

Health insurance in the United States is delivered increasingly through markets in which 

the government subsidizes enrollees to choose among privately provided health insurance plans 

(Gruber 2017). Fifty-four million Medicaid beneficiaries in managed care plans, for instance, 

select a health plan from a set of choices offered by private insurers (Hinton et al. 2020). 

Premiums for these plans are paid by the government and are typically set at zero dollars for the 

enrollee. Medicare Advantage enrollees also select plans in a market, and they often have several 

zero-premium plan options (Douven et al. 2019). The Health Insurance Marketplaces created by 

the Affordable Care Act (ACA) work similarly, though zero-dollar premium plans are less 

common (Branham and Deleire 2019). Despite the similarities between Medicaid managed care 

and the Marketplaces, take-up of subsidized Marketplace coverage is at least 36 percentage 

points lower than Medicaid take-up (McDermott, Cox, and Claxton 2021; Decker, Abdus, and 

Lipton 2021).1 This difference raises the question: can coverage take-up be improved by fully 

subsidizing premiums? 

In this paper, we show that setting premiums to zero, rather than at a low but slightly 

positive level, produces substantial coverage gains by reducing transaction costs. Our analysis, 

based on a regression discontinuity design and 2016–2019 administrative data from Colorado’s 

Marketplace, exploits discontinuities in the availability of zero-premium plans. Our primary 

finding is that people who are just eligible to sign up for a zero-premium plan end up being 

covered for 3–5 days more than people who are just ineligible. Scaling this estimate by the take-

 
1 Roughly 11.4 million individuals were enrolled in the Marketplaces in 2020, and there were 15 million uninsured 

Americans who qualified for Marketplace subsidies (McDermott, Cox, and Claxton 2021). Assuming that all of the 

11.4 million Marketplace enrollees qualify for subsidies—a liberal assumption—Marketplace take-up among 

eligible people is 43 percent. Decker, Abdus, and Lipton (2021) estimate that Medicaid take-up for eligible adults 

with no other coverage option was roughly 79% from 2014-2017. Therefore, the take-up rate difference between 

these two insurance programs is at least 36 percentage points. 
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up rate of zero-premium plans, we find that enrolling in a zero-premium plan increases coverage 

by 30–60 days. This extra duration is driven by lower-income enrollees and comes from both 

reduced drop-out and, especially, increased early coverage start dates. The main mechanism 

responsible for the increased duration is that enrollees in positive-premium plans must make a 

small initial payment after signing up for coverage. This mechanism creates a transaction cost, 

arising from the hassle of having to remember to make a timely payment and doing so. The 

deadline for this payment is December 31st, at the end of the holiday season. Households that 

miss this deadline end up starting coverage late. Zero-premium plans eliminate this transaction 

cost. Overall, our results suggest that transaction costs can be a meaningful barrier to coverage 

and benefit take-up, especially for lower-income households. 

Our context is the Health Insurance Marketplaces, which have had zero-premium plans 

since their implementation in 2014. For eligible households, premiums in the Marketplaces are 

subsidized by premium tax credits (PTC). Premium tax credit generosity varies across 

households and is set so that the premium an eligible household pays for a “benchmark” plan is 

equal to a sliding-scale percentage of its income. If a household’s PTC exceeds the premium of 

the lowest-premium plan available to them, then the household is able to purchase a zero-

premium plan (Branham and Deleire 2019; Drake and Anderson 2020).2 Zero-premium plan 

availability has greatly expanded since 2014; roughly seven million Americans can now 

purchase a zero-premium Marketplace plan, though millions more are eligible for generous PTCs 

but not zero-premium plans (McDermott, Cox, and Claxton 2021). To sign up for coverage in the 

Marketplaces, households must both select a plan through the Marketplace, and then—if they do 

not select a zero-premium plan—make an initial payment to their insurer.  

 
2 Zero is a floor for post-PTC Marketplace premiums. Negative premium plans do not exist. 
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Most enrollees do not select a health plan until on or shortly before December 15th, the 

deadline for January 1st coverage and, in many states, the last day of open enrollment (Anderson 

and Shafer 2019). Applicants that selected plans with non-zero premiums must then make an 

initial premium payment by December 31st in order to begin coverage on January 1st. In most 

states, including the 36 states that use the federal healthcare.gov Marketplace, failure to make the 

initial premium payment means that the applicant is ineligible to purchase subsidized health 

coverage until the following year. The transaction costs of making the initial premium payment 

can be minimal for relatively higher-income applicants, who simply can make a credit card 

payment at the time of enrollment. This is not the case, however, for many lower-income eligible 

applicants, who often lack access to credit cards and are unbanked (Federal Deposit Insurance 

Corporation 2020). These applicants must write a check or obtain a money order, mail it, and 

confirm that the insurer receives it over the last two weeks of the year. This process must be 

completed during a two-week period that is often highly financially stressful for low-income 

Americans (Swartz and Graves 2014). 

Our analysis uses regression discontinuity (RD) designs and 2016–2019 administrative 

data from Colorado’s Health Insurance Marketplace. The data include plan selections, plan 

availability, and, crucially, PTCs awarded for all enrollees. Our RD models leverage 

discontinuities in the availability of zero-premium plans to identify how zero-premium plan 

availability affects coverage choices. Our running variable is the premium of the lowest-

premium plan available to an enrollee less their awarded premium tax credit. As a function of the 

running variable, post-subsidy premiums are continuous but kinked. However, when the running 

variable becomes negative, zero-premium plans become available, which is our key 
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discontinuity. The running variable is an opaque function of household income, size, and 

premiums available, and it does not appear to be manipulated. 

We investigate the effects of zero-premium plan availability and enrollment on take-up 

rates, plan choice, and coverage duration. While we do not find that zero-premium plan 

availability affects coverage take-up rates or plan choices, we do find that enrollment in a zero-

premium plan increases coverage duration. Specifically, enrollment in a zero-premium plan 

increases the number of days that an enrollee is covered by 30–60, depending on bandwidth. The 

extra duration is driven entirely by households with incomes below 200% of the federal poverty 

level (FPL). About a quarter of these enrollees’ increased coverage is from reduced drop-out, and 

the remainder is from an increase in the probability of being covered on January 1st. Beginning 

coverage on January 1st requires that households make their payment by December 31st, if a 

payment is required. Thus, the increase in early coverage starts is consistent with our proposed 

transaction cost mechanism. Other mechanisms—such as a psychological appeal of zero-

premium plans—appear less important in our context, since they would imply plan choice 

effects, which we do not observe. Scaling the coverage effects of zero-premium plan take-up by 

estimates of premium sensitivity, we find that the coverage effects of transaction costs are 

roughly equivalent to an annual premium increase of $150–$300. 

Our results have several broader implications beyond Colorado’s Health Insurance 

Marketplace. Although we find no effect of zero-premium plans on take-up, this result is likely 

driven by the fact that Colorado’s open enrollment period extends into January. Enrollees that 

miss the December 31st payment deadline have another month to sign up for coverage. In other 

states, including the 36 states that use the Federally Facilitated Marketplace (healthcare.gov), 

enrollees who miss the payment deadline cannot sign up for subsidized coverage until the 
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following year. Thus, zero-premium plans may increase take-up as well as duration in other 

states, though we acknowledge that there are other institutional differences across states that 

make extrapolation difficult. More broadly, policies that ease transaction costs may be helpful in 

increasing take-up and reducing uninsurance. These policies include longer open enrollment 

periods, grace periods for initial premium payments, or subsidies to reduce low premiums to 

zero. 

Our findings contribute to two bodies of literature. Primarily, we contribute to literature 

examining the causes of low take-up of social insurance programs. A common explanation for 

this low take-up is that enrollment in social insurance programs often requires overcoming 

“ordeals.” Examples of ordeals include long wait times, extensive paperwork, application 

complexity, and opaque eligibility rules. Economists have long recognized that such ordeals 

likely reduce take-up (e.g., Currie (2006)). Since at least the work of Nichols and Zeckhauser 

(1982), however, economists have also recognized that ordeals can increase program efficiency 

by better targeting funds, because they can differentially screen out relatively less needy 

applicants, such as high-income applicants. Recent work has investigated the screening 

properties of these ordeals, finding that hassle costs are an important reason that benefits are left 

on the table, but with mixed results regarding whether ordeals increase or decrease targeting 

efficiency (Deshpande and Li 2019; Finkelstein and Notowidigdo 2019; Goldin et al. 2021; 

Homonoff and Somerville 2020). Especially relevant is recent work by Domurat, Menashe, and 

Yin (2019) who conduct a field experiment in California’s Health Insurance Marketplace, 

providing information about deadlines and benefit eligibility. Consistent with our transaction 

cost mechanism, they find that providing information about sign-up deadlines increases 

coverage. However, they do not examine the transaction costs of making a premium payment 
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(Marketplace premiums are never zero in California). Our primary contribution to this literature, 

which has largely focused on government-supplied benefits, is to show that market provision of 

subsidized benefits can also produce an ordeal in the form of transaction costs. In our study 

context, this ordeal differentially screens out low-income beneficiaries, likely reducing targeting 

efficiency. The transaction cost that we document also helps to explain the apparent low 

willingness-to-pay (and subsequent low take-up) for subsidized insurance coverage documented 

by Finkelstein et al. (2019).  

Our findings also contribute to literature focusing on zero-price effects in health care and 

health insurance. Ching et al. (2020) and Iizuka and Shigeoka (2020) show that demand for 

health care appears to be discontinuous at a price of zero, pointing to a zero-price effect. In the 

health insurance context, Douven et al. (2019), Newhouse and McGuire (2014), and Stockley et 

al. (2014) argue that observed premium patterns are consistent with a zero-price effect, because 

many plans offer a premium of exactly zero, and survey respondents indicate a zero-premium 

preference in discrete choice experiments. They do not study actual insurance choices, however. 

Drake and Anderson (2020) find an association between zero-premium plan availability and 

Marketplace enrollment in the states using the healthcare.gov platform, though their ability to 

identify precise zeroes is limited by their use of aggregate data. Dague (2014) finds that when 

Wisconsin’s Medicaid program introduces a $10 premium, enrollees were much more likely to 

drop out. McIntyre, Shepard, and Wagner (2021) find that a policy in Massachusetts of 

automatically switching enrollees to zero-premium plans (when available) if they default on their 

premiums substantially reduces drop-out. We make two contributions relative to this literature. 

First, we investigate zero-premium effects on enrollment, coverage start date, and plan choice, 

which the previous literature has not investigated. Our findings show that a large share of zero-
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premium plans’ overall effect comes from earlier start dates, not only reduced drop-out. Second, 

we show that transaction costs, rather than a literal psychological bias towards zero, likely 

explain the zero-price effects we document. This distinction is important for policymakers and 

price setters because transaction costs can be eliminated with alternative payment rules. We 

show, at least in our context, that transaction costs account for zero-price effects.3  

The rest of the paper proceeds as follows. Section 2 describes the Health Insurance 

Marketplaces and how their subsidies result in zero-premium plans for some enrollees. Section 3 

discusses our data and measures. Section 4 presents our empirical strategy and our identification 

strategy. Section 5 presents our findings and robustness checks. We discuss the mechanism 

behind and policy implications of our findings in Section 6, as well as limitations. Section 7 

concludes the paper. 

2. Background  

2.1. The Affordable Care Act and the Health Insurance Marketplaces 

The ACA, passed in 2010 and implemented in 2014, created Health Insurance 

Marketplaces where eligible households can purchase subsidized private health insurance plans. 

Each state has its own Marketplace, which may use the federal platform, healthcare.gov, or be 

administered by the state. Colorado, whose Marketplace we study in this paper, manages its own 

state-based Marketplace, Connect for Health Colorado (C4HCO). Colorado households sign up 

for Marketplace coverage through the website ConnectForHealthCo.com. As shown in Appendix 

Figure A1, the website displays premiums net of subsidies. Those eligible for a zero-premium 

 
3 Also relevant are a number of papers which show health insurance coverage changes when prices increase away 

from zero. Buchmueller and Feldstein (1997) and Brot-Goldberg et al. (2021) find that many enrollees switched out 

of their health plans when their premiums increased (although Brot-Goldberg et al. also find a great deal of inertia). 

Finkelstein, Hendren, and Shepard (2019) find large coverage take-up effects of an increase in premiums from $0 to 

$39 per month in Massachusetts's pre-ACA Marketplace. These results do not necessarily reflect “zero-price” 

effects because they are driven by large premium changes, so they could reflect standard premium sensitivity.   
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plan are immediately aware of this fact, likely making their choices particularly sensitive to 

premiums (Schmitz and Ziebarth 2017), and making it easy for us to detect zero-price effects on 

plan choice, if present.  

Households may, without restriction, purchase Marketplace plans during open enrollment 

periods. Open enrollment periods for a given coverage year in Colorado begin in November of 

the preceding year and typically end in January. Special enrollment periods are available 

throughout the year for households that experience qualifying life events, such as loss of 

employer-based coverage. To initiate coverage on the first day of a given month, households 

must sign up by the 15th of the prior month, and payment must be received by the 1st of the given 

month. Thus, during the open enrollment period, a household intending to begin coverage on 

January 1st must sign up for coverage by December 15th and make an initial payment by 

December 31st. Enrollees can make premium payments by setting up automatic payments when 

they enroll or by mailing funds to their insurer. Because it can take up to 10 business days for 

households to receive their plan materials after selecting their insurance plan, there is a short 

window in which households must make their first payment. If a household is late for its first 

payment, its application can be cancelled.4  

Fifty-four percent of Coloradans who select a plan in time for January 1st enrollment do 

so on or after December 10th, which provides them with three weeks at most to submit their 

initial premium payment in order to begin coverage on January 1st (Centers for Medicare and 

Medicaid Services 2019). Coloradans that miss the January 1st deadline can still begin coverage 

on February 1st, if they return to C4HCO, complete the plan selection process again, and make a 

payment by February 1st. This “try again” option is not currently available in states using the 

 
4 Late payments after the first month of coverage typically do not cause coverage interruptions, as households can 

remain up to three months in arrears and retain coverage.  
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healthcare.gov platform, whose open enrollment period ends in December rather than January. 

Appendix Figure A2 shows the steps necessary to initiate coverage during the open enrollment 

period. 

Plans sold on Colorado’s Marketplace, like all Marketplace plans, are subject to the 

ACA’s regulations and are eligible for its subsidies. Community rating regulations mean that an 

insurer must post a single premium for each plan in a given rating area (i.e., a collection of 

counties). The (pre-subsidy) premium that the household pays equals the posted premium 

multiplied by a loading factor, a (policy-determined) function of household size, household 

members' ages, and whether household members smoke. Marketplace plans are standardized into 

metal levels that are defined by their actuarial value. Bronze plans, for example, have actuarial 

values of 60%, meaning the insurer pays approximately 60% of claims for a standardized 

population; silver, gold, and platinum plans have actuarial values of roughly 70%, 80%, and 

90%, respectively. All Marketplace plans must cover a minimum set of Essential Health Benefits 

(Bagley and Levy 2014).   

2.2. Marketplace Subsidies 

Two types of Marketplace subsidies are available to eligible households: premium tax 

credit (PTC) subsidies and cost-sharing reduction (CSR) subsidies.5 Premium tax credit subsidies 

are available to households with incomes between 100% and 400% FPL. The exact size of these 

subsidies varies across households. Specifically, the PTC is set so that the post-PTC premium 

facing a given household purchasing a benchmark plan is equal to a percentage of its income, 

 
5 To be precise, when signing up for coverage, households are eligible for an advanced PTC that is paid directly to 

their insurer. When filing their taxes, households reconcile their advanced PTC with the actual PTC for which they 

are eligible. Households received all excess PTC above the advanced PTC. If households have received excess 

advanced PTC, they repay the excess, subject to income-specific repayment caps. The advanced PTC is the relevant 

subsidy for plan choice (since it is incorporated into the premiums that households see), and in this paper we refer to 

the advanced PTC as the PTC. 
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called the expected contribution. The benchmark plan is the second lowest-premium silver plan 

available to the household.6 For example, a four-person household with an annual income of 

about $100,000 has an expected contribution of about 10% of its income, or $10,000.7 If the 

household’s benchmark plan costs $9,000, the household receives no PTC. If its benchmark plan 

costs $11,000, the household is eligible for a PTC of up to $1,000. We say “up to” because the 

PTC cannot reduce a premium below zero. In general, the post-PTC premium of plan 𝑗 for 

household 𝑖  is  

𝑁𝑒𝑡𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑖𝑗 = max(0, 𝑝𝑖𝑗 − 𝑃𝑇𝐶𝑖). 

As this expression indicates, household 𝑖 is eligible to purchase a zero-premium plan if 𝑃𝑇𝐶𝑖  

exceeds the pre-PTC premium of the lowest cost plan available to it, say 𝑝𝑖. Eligibility for zero-

premium plans therefore depends on the difference 𝑃𝑇𝐶𝑖 − 𝑝𝑖.  This difference will be the 

running variable in our regression discontinuity models.   

Zero-premium plan availability varies across household demographics, counties, and 

time. Lower-income, older, and larger households receive larger PTCs, which increase the 

likelihood that a zero-premium plan is available to them. Before the 2018 plan year, zero-

premium plan availability was overwhelmingly concentrated among households with incomes 

under 150% of the FPL (Drake and Abraham 2019). However, as shown in Figure 1, more and 

higher-income households were increasingly likely to be exposed to zero-premium plans in 2018 

and 2019. This increase occurred because of a regulatory change known as “silver loading” 

 
6 If there is only a single silver plan available, the benchmark is the single silver plan available. This event is rare 

and not applicable to our study.   
7 In 2021, the American Rescue Plan Act reduced expected contribution percentages for all PTC-eligible 

households. This, however, is after our study period. 



11 

 

(Drake and Anderson 2020). Households living in counties with fewer insurers are also more 

likely to be eligible for zero-premium plans (Drake and Abraham 2019). 

Cost-sharing reduction subsidies (CSRs) are available to households whose incomes are 

between 100% and 250% of the FPL. These subsidies reduce cost-sharing (e.g., copays, 

deductibles, maximum out-of-pocket amounts) for eligible households. Because CSR subsidies 

only apply to silver plans, but zero-premium plans are typically bronze, enrollees may face a 

choice between generous silver plans with CSR subsidies and less generous zero-premium 

bronze plans without them. If zero-price effects have a large effect on plan selection, zero-

premium plan availability may shift enrollment away from more generous plans to less generous 

plans.  

3. Data  

3.1. Datasets 

Our primary data are individual-level enrollment records from Colorado's state-based 

Marketplace, Connect for Health Colorado (C4HCO), from 2016 through 2019. These data 

describe all C4HCO enrollees’ plan selections, coverage start and end dates, enrollment dates 

(i.e., the date the household signed up for Marketplace coverage), and PTCs awarded. Critically, 

PTC awarded measures the full PTC for which a household is eligible and is not capped at the 

premium of the household’s chosen plan. We also observe household demographics, including 

enrolled household members' ages, sexes, and smoking statuses; household income as a 

percentage of the FPL; and the county in which each household resides.  

We augment the C4HCO enrollment data with HIX Compare data on C4HCO county-

level plan offerings (Hixcompare.org 2019). These data contain information on each plan's 

premium, metal level, cost-sharing (i.e., copays, deductibles, and maximum out-of-pocket 
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amount), plan type (e.g., HMO or PPO), offering insurer, and the counties and rating areas in 

which the plan is offered. These data also allow us to identify the benchmark plan and the 

lowest-premium plan in each county-year.  

3.2. Sample Selection 

We limit our sample to non-smoking enrollees whose incomes were between 138% and 

400% FPL. We focus on this income range because households outside of it cannot receive PTCs 

and are thus ineligible for zero-premium plans.8 We exclude smokers because the tobacco 

surcharge makes them ineligible for zero-premium plans. We also exclude Native American 

enrollees, whose subsidy eligibility is different from the rest of the population. Finally, we 

exclude a small number of households with greater than five enrolled members, because 

premiums do not scale with household size beyond five. The resulting analytic sample includes 

418,846 enrollee-years from 2016–2019, in 153,035 unique households. 

3.3. Measures 

We measure the post-PTC premiums of all plans available to each enrollee-year using the 

following steps. First, we identify the set of health plans available to each enrollee’s household 

based on their county and year. We observe the posted premiums of all of these plans in HIX 

Compare. Second, we obtain the pre-PTC premiums of all plans available by multiplying each 

plan’s premium by each household’s loading factor. Finally, we obtain the post-PTC premiums 

of available plans by subtracting each household’s awarded PTC from each available plan’s pre-

PTC premium, setting the post-PTC premium to zero if it would be negative. 

We define enrollees as having enrolled in a zero-premium plan if the difference between 

the pre-subsidy premium of their selected plan and their PTC is less than or equal to zero. We 

 
8 Higher-income households are always ineligible for PTCs, and lower-income households are ineligible because 

they qualify for Medicaid. 
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also examine five other intensive margin (i.e., plan choice) outcomes: (1) the percentage of 

enrollees that enrolled in the lowest-premium plan available to them (regardless of whether it 

was zero), (2) enrollment in a silver plan, (3) enrollment in a bronze plan, (4) enrollees’ plans’ 

selected post-PTC premiums, and (5) enrollees’ plans’ selected deductibles. We scale all binary 

outcomes as 0–100 rather than 0–1, so that our RD estimates can be interpreted as percentage 

point effects.  

We consider four measures of coverage. The first and primary measure is the number of 

days the enrollee was covered. The second measure is an indicator for whether the enrollee was 

covered on December 31st (i.e., at the end of the year). The third measure is an indicator for 

whole-year coverage, which can differ from being covered on December 31st because enrollees 

can begin coverage after January 1st. Our final measure is an indicator for whether the enrollee’s 

coverage began on January 1st. A small number of enrollees switch coverage mid-year. We 

define all plan characteristics based on the initial plan choice, and we consider enrollees as being 

continuously enrolled if they did not experience a gap in coverage. 

We consider several baseline covariates in smoothness tests. Baseline demographic 

covariates include age, sex, household FPL, and the number of household members. Baseline 

plan offering covariates include enrollees’ households’ awarded PTC and the pre-subsidy 

premium of the benchmark plan available to them. 

3.4. Measuring the eligible population and take-up rate using the American Community Survey 

We also use data from the American Community Survey (ACS), a one-percent sample of 

the population, to measure the number of Coloradans eligible for PTCs through C4HCO and to 

determine take-up rates (Ruggles et al. 2020). Our procedure, which follows Finkelstein et al. 

(2019) closely, is described in the technical appendix. We impute each ACS respondent’s PTC 
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eligibility and the premiums they face, yielding a running variable for each health insurance 

eligibility unit (i.e., subsets of households eligible to purchase insurance together). We aggregate 

the data to $2.50 bins of the running variable, which yields a noisy estimate �̃�𝑏 of the number of 

eligible persons in each bin. We smooth �̃�𝑏 using a polynomial fit, yielding �̂�𝑏, and we measure 

bin-specific take-up rates as 𝑡𝑎𝑘𝑒𝑢𝑝𝑏 = 𝑒𝑛𝑟𝑜𝑙𝑙𝑏 �̃�𝑏⁄ , where 𝑒𝑛𝑟𝑜𝑙𝑙𝑏 is the number of enrollees 

we observe in bin 𝑏. 

3.5. Sample Characteristics 

Table 1 displays means and standard deviations of our analytic sample. The mean 

enrollee receives a PTC of $705 per month and faces a benchmark premium of $934 per month. 

About 39% of enrollees are eligible for zero-premium plans, of which roughly 7.9% select a 

zero-premium plan; more than half of enrollees select silver plans. However, these averages 

mask important trends. Zero-premium plans’ availability increased dramatically in 2019, and the 

percentage of enrollees selecting zero-premium plans increased from 5.9% in 2018 to 13.3% in 

2019. Increased 2019 zero-premium plan enrollment was accompanied by a $38 decrease in the 

post-PTC premiums of selected plans, a 4.7 percentage point increase in the percentage of 

enrollees selecting bronze plans, and a 6.4 percentage point decrease in the percentage of 

enrollees selecting silver plans. These changes appear to suggest that zero-price effects caused 

enrollees to switch from positive premium silver plans to zero-premium bronze plans. However, 

this interpretation could be confounded by other trends in plan selection. We therefore turn to 

regression discontinuity models to identify causal effects. 
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4. Empirical strategy 

4.1. Regression discontinuity designs  

 Our empirical strategy is a regression discontinuity (RD) design in which the running 

variable is the lowest post-PTC premium available, ignoring the fact that post-PTC premiums 

have a floor of zero. Specifically, the running variable 𝑟𝑖𝑡 for individual 𝑖 in year 𝑡 is  

𝑟𝑖𝑡 = 𝑝𝑖𝑡 − 𝑃𝑇𝐶𝑖𝑡 , 

where 𝑃𝑇𝐶𝑖𝑡 is the PTC awarded, and 𝑝𝑖𝑡 is the (pre-PTC) premium of the lowest-premium plan 

available to enrollee 𝑖 in year 𝑡. Unlike actual post-PTC plan premiums, we allow our running 

variable to have values below zero, so by construction, zero-premium plans are available only 

when the running variable is negative.  

In Figure 2, we illustrate the identifying variation. The left panel shows the lowest-

premium plan (net of PTC) available to enrollees, and the right panel shows zero-premium plan 

availability, both as a function of our running variable. This simple figure makes three important 

points. First, by construction, zero-premium plan availability is predicted perfectly by the 

running variable. Second, the lowest-premium plan is continuous at 𝑟𝑖𝑡 = 0. There is a 

discontinuity in zero-premium plan availability but not in actual premiums. Third, there is a 

sharp kink in the lowest-premium plan available: it is flat when 𝑟𝑖 < 0 and then rises one-for-one 

with 𝑟𝑖 > 0. This is important because we might expect Marketplace coverage take-up and plan 

selection to respond to the lowest-premium plan available, as in vertical models of health 

insurance demand (e.g. Finkelstein, Hendren, and Shepard 2019; Geruso et al. 2019). If zero-

premium plans are important, we expect Marketplace-related outcomes to change 

discontinuously around the threshold 𝑟𝑖𝑡 = 0. 

We use linear sharp RD models to estimate these discontinuities: 
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 𝑦𝑖𝑡 = 𝛽0 + 𝛽1(𝑟𝑖𝑡 > 0) +  𝛽2𝑟𝑖𝑡 + 𝛽3𝑟𝑖𝑡 ⋅ (𝑟𝑖𝑡 > 0) + 𝑋𝑖𝑡𝜃 + 𝜖𝑖𝑡 . (1) 

Our outcomes are take-up of Marketplace coverage, characteristics of the chosen plan, and 

measures of coverage duration. Our interest is in 𝛽1, the discontinuity in the expectation of 𝑦 at 

the threshold for eligibility for zero-premium plans. Under identification conditions discussed 

below, this discontinuity measures the effect of zero-premium plan availability (more precisely 

unavailability, since zero-premium plans are available only when 𝑟𝑖𝑡 < 0).9 

In our baseline estimates we include no controls, but in robustness tests we include a 

vector of predetermined covariates 𝑋𝑖𝑡, including age, a female dummy, household income as a 

percentage of the FPL, household size, APTC awarded, benchmark premium, and lowest-

premium available. As we examine a range of outcomes, we estimate all our RD models at a 

consistent set of bandwidths: $40, $80, and $120; this approach makes it easy to compare results 

across outcomes. However, we also report results using optimal bandwidths, using the bandwidth 

selection procedure of Calonico, Cattaneo, and Titiunik (2014). These bandwidths are usually 

between $40 and $120. We estimate all models with a triangular kernel (so we estimate local 

linear models).  

For all outcomes except take-up, the unit of observation is an enrollee-year, and we 

cluster our standard errors at the household level. We cannot estimate an individual-level model 

of take-up because our data only contain information on enrollees that take up coverage. This 

problem is common to research using administrative databases (e.g., Finkelstein, Hendren, and 

Shepard 2019; Dague 2014, DeLeire et al. 2017). To measure take-up effects, we aggregate 

 
9 An alternative empirical strategy would be to look at switching or coverage discontinuation among people who 

enrolled in a zero-premium plan and then subsequently faced a positive premium plan, because of premium growth 

(as in contemporaneous work by Brot-Goldberg et al. (2021) and McIntyre et al. (2021)). We cannot apply that 

empirical strategy in our context because essentially no one loses zero-premium status, as subsidies increased much 

faster than premiums for most plans. This increase in zero-premium plan eligibility over time largely occurred 

because of silver loading (Drake and Anderson, 2020). 
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enrollment counts (in the administrative data) and eligibility counts (from the ACS) to $2.50 bins 

of the running variable. We then estimate RD models for the implied take-up rate. Under our 

identification conditions, the resulting estimated discontinuity can still be interpreted as the 

effect of zero-premium plan availability on take-up. 

Our sharp RD estimates measure the effect of zero-premium plan availability, but it is 

possible that the most important effects of these plans come from actually enrolling in them. In 

particular, we are interested in the possibility that zero-premium plans make it easier to sign up 

for and maintain coverage, by eliminating financial transaction costs. This mechanism implies 

that zero-premium plans influence coverage duration only for enrollees who actually enroll in 

zero-premium plans. To measure enrollment effects, we estimate fuzzy RD models via two-stage 

least-squares: 

𝑍𝑃𝑖𝑡 = 𝛼0 + 𝛼1(𝑟𝑖𝑡 > 0) +  𝛼2𝑟𝑖𝑡 +  𝛼3𝑟𝑖𝑡 ⋅ (𝑟𝑖𝑡 > 0) + 𝑋𝑖𝑡𝜃′ +  𝜖𝑖𝑡 , (2) 

𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑖𝑡 =  𝛾0 + 𝛾1𝑍𝑃𝑖𝑡 + 𝛾2𝑟𝑖𝑡 + 𝛾3𝑟𝑖𝑡 ⋅ (𝑟𝑖𝑡 > 0) + 𝑋𝑖𝑡𝜂 + 𝜈𝑖𝑡 , (3) 

The first stage is a sharp RD for zero-premium plan take-up, 𝑍𝑃𝑖𝑡 (so it is equivalent to equation 

(1) where the dependent variable is 𝑍𝑃𝑖𝑡). The second stage is a regression of coverage duration 

on zero-premium plan take-up and a continuous but kinked function of the running variable.  

Here, 𝛾1 gives the effect of zero-premium plan enrollment rather than availability (under 

identification conditions discussed below).  

4.2. A regression kink benchmark  

While we are primarily interested in discontinuities at zero as a measure of zero-price 

effects, a useful benchmark is the standard price effect, the response to a one-dollar premium 

increase for the lowest-premium plan. We can estimate this effect using regression kink (RK) 

models of enrollment, because the post-PTC premium of the lowest-premium plan is kinked at 
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zero. We expect enrollment to respond to this premium because, in vertical models of health 

insurance choice, overall enrollment is determined by the premium of the lowest-premium plan 

(e.g., Finkelstein, Hendren, Shepard, 2020; Geruso et al., 2020) We measure the kink in take-up 

using the same model we use for estimating the discontinuity: it is given by 𝛽3 (when the 

dependent variable is take-up). Because optimal bandwidths differ for RD and RK models 

(Calonico et al., 2014), we estimate enrollment models using two sets of bandwidths (one that is 

RD-optimal and one that is RK-optimal). Because the “first-stage” kink in premiums is 1, 𝛽3 is 

straightforward to interpret as premium sensitivity.  

4.3. Identification 

Our estimator compares the average value of a given outcome among enrollees just above 

the cutoff for zero-premium plan availability to its average among enrollees just below the 

cutoff. Our identifying assumption is that this average would be continuous at the cutoff in the 

absence of zero-premium plan availability. This condition would fail if enrollees systematically 

sort around the cutoff, or if there are other policy discontinuities at the cutoffs. In practice, it is 

unlikely that enrollees manipulate their income to maintain zero-premium plan availability for 

three reasons. First, the exact threshold determining eligibility for a zero-premium plan is highly 

opaque; it varies across enrollees in a way that depends on their demographic characteristics, 

their benchmark premium, and their lowest-premium plan available. That is, it varies across 

markets, over time, across enrollees in a given market, and for a given enrollee over time. Thus, 

precisely manipulating income to maintain zero-premium plan availability would be difficult. 

Second, if such manipulation were occurring, we would expect to see a large mass of enrollees 

just eligible for zero-premium plans. As we show below in Figure 3, we see no such mass.  
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Third, enrollees do not appear to manipulate the income they report to the Marketplace to 

maximize their subsidies. DeLeire et al. (2017) and Finkelstein et al. (2019) both show that there 

is no excess mass of enrollees just below subsidy-availability thresholds in the Federally 

Facilitated Marketplace or in the Massachusetts Marketplace. We confirm that this is the case in 

our data in Appendix Figure 3, which shows the income distribution for our full population. If 

enrollees were manipulating their income to maintain subsidy availability, we would expect to 

see a large mass of enrollees with incomes just below the cutoff points for cost-sharing reduction 

subsidies—150%, 200%, and 250% FPL. We see no such bunching, suggesting that enrollees do 

not manipulate their income to maintain availability for cost-sharing reductions, and implying 

more generally that income manipulation is not a major concern in this context.10 Appendix 

Figure A3 also shows the distribution of income/FPL among enrollees near the threshold. 

Income at the threshold ranges from 138% to 400% FPL, confirming that our RD sample 

includes a wide range of incomes. Importantly, the income distribution among enrollees near the 

zero-premium plan availability threshold is not concentrated at other policy-relevant thresholds 

such as 150% or 200% FPL, confirming that the zero-premium plan availability threshold is not 

co-located with other policy thresholds. 

A further concern with the identification condition is that our sample is limited to 

enrollees in the Colorado Marketplace. If coverage take-up responds to zero-premium plan 

availability, then the composition of enrollees in our sample could change discontinuously 

around the threshold. This concern does not apply to estimating coverage take-up effects, but it 

 
10 There are some bins with unusually high enrollment, including bins around 150% and 250% FPL. However, this 

is likely not indicative of income manipulation, because the high bins are on either side of the threshold. Instead, it 

appears due to round number bunching, e.g., reporting exactly $25,000. We cannot investigate round number 

bunching in detail because we only observe income/FPL in whole-point increments (e.g., 200.00 and 200.25 both 

appear as 200 in our data). 
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potentially applies to other outcomes such as plan choice or duration. We address this concern in 

two ways. First, in practice, we find small, negative, and insignificant effects of zero-premium 

plan availability on coverage take-up, so we do not expect the composition of our sample to 

change discontinuously at the cutoff, especially not towards enrollees with a preference for zero-

premium plans. Second, we assess the continuity condition by testing for discontinuities in 

enrollee characteristics at the cutoff. We find clear kinks in these characteristics—consistent with 

the kink in post-PTC premiums evident in Figure 2—but only slight discontinuities. Adjusting 

for differences in observed enrollee characteristics does not substantially affect our estimates.    

Our fuzzy RD models also require standard instrumental variable assumptions: an 

exclusion restriction and  first stage condition. In our context, the exclusion restriction says that 

the only reason for changes in coverage duration at the threshold for zero-premium plan 

eligibility is the take-up of zero-premium plans—and not, for example, a change in other plan 

characteristics. This assumption could fail if zero-premium plan availability causes changes in 

the generosity of purchased plans, and this generosity affects duration. This exclusion restriction 

is likely to hold in our context, for three reasons. First, we show below that plan choice does not 

respond meaningfully to zero-premium plan availability. Second, we find that zero-premium 

plan availability induces earlier start dates, and therefore affects coverage duration before 

enrollees experience their plan’s characteristics. Third, our duration results are robust to 

controlling for the characteristics of the chosen plan. The first stage condition requires that zero-

premium plan availability is predictive of enrollment in zero-premium plans. We show in the 

results section that this condition holds; zero-premium plan availability strongly predicts zero-

premium plan enrollment.11  

 
11 The monotonicity condition is automatically satisfied in our context, because when our instrument is zero, take-up 

of zero-premium plan enrollment is also zero, so there can be no defiers.  
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4.4. Interpretation 

We interpret our sharp RDs as measuring the effect of zero-premium plan availability on 

coverage take-up and plan choice. Our fuzzy RD measures the effect of zero-premium plan 

enrollment on coverage duration via zero-premium plan selection. Therefore, for our duration 

measures, we view the sharp RD estimates as “intent-to-treat” or availability effects, while the 

fuzzy RD estimates are “treatment-on-the-treated” type effects, local to compliers. All RD 

estimates are subject to the limitation that they reflect local average treatment effects, local to the 

location of the threshold. However, because our running variable crosses the threshold at 

different values of enrollee age, sex, income, and size, our estimates reflect a variety of local 

average treatment effects across these demographic characteristics. For example, Appendix 

Figure A3 shows that the full range of incomes—from 138% to 400% of FPL—is represented 

among enrollees close to the threshold. Our fuzzy RD estimates are also local to compliers. In 

this context, the compliers are enrollees who always choose the lowest-premium plan. 

5. Results 

We present our main RD analyses on take-up, zero-premium plan selection and other intensive 

margin outcomes, and coverage duration using RD plots and regressions. We find essentially no 

effect of zero-premium plan availability on coverage take-up or plan choice, but we find 

substantial effects for duration.  

5.1. Main Results 

We begin with the extensive margin response, coverage take-up in C4HCO plans. We show the 

take-up rate (on a 0–100 scale) in each $2.50 bin of the running variable in Figure 3. We 

maintain this bin size throughout. On the left-hand side of the figure, zero-premium plans are 

available, and the lowest post-PTC premium available does not change as the running variable 



22 

 

increases. On the right-hand side, when the running variable is positive, zero-premium plans are 

unavailable, and the premium rises one-for-one with the running variable. Take-up rates are 

roughly 50% when zero-premium plans are available, and they fall slightly with the running 

variable. A 50% take-up rate seems low given the availability of zero-premium plans, and it may 

point towards other meaningful frictions in take-up, yet it is high relative to the average take-up 

of subsidy-eligible individuals (about 40%; see Kaiser Family Foundation (2019)). At the 

threshold of zero, when zero-premium plans become unavailable, we see no obvious 

discontinuity in take-up. However, there is a visually striking kink: on the right-hand side, take-

up falls sharply with the running variable. This change in slope of take-up corresponds to the 

change in the slope of post-PTC premiums.  

We report point estimates of the effect of zero-premium plan availability on take-up in 

Table 2. The table reports the RD and RK estimates. Recall that these estimates give the effect of 

zero-premium plan unavailability. Zero-premium plan availability reduces take-up by one to five 

percentage points, depending on the bandwidth. At the optimal bandwidth, zero-premium plan 

availability reduces take-up by a statistically insignificant one percentage point. Thus, we see no 

effect of zero-premium plan availability on the extensive margin coverage take-up decision. We 

argue below, however, that this null take-up effect is likely a reflection of Colorado’s unusually 

long open enrollment period, and we might expect substantial take-up effects in many states. 

In contrast to the null RD estimates, we estimate substantial, significant, and robust kinks 

in coverage take-up. At the optimal bandwidth, we estimate a kink of about -0.4 percentage 

points per dollar of the running variable. Given that the kink in the lowest post-PTC premium is 

one, this implies that a $1 per month premium increase reduces take-up by about 0.4 percentage 

points. At an average take-up rate of about 50%, this implies a semi-elasticity of 0.8, meaning 
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that each additional dollar of monthly premium for the lowest-premium plan reduces coverage 

by 0.8%.12 

We turn to plan choice effects in Figure 4 and Table 3. Zero-premium plan availability 

has a visually clear and statistically significant effect on zero-premium plan enrollment, which 

jumps from about eight percent to zero percent at the threshold. (Zero-premium plan enrollment, 

like all of our dummy variable outcomes, is scaled as 0–100, so the point estimate can be 

interpreted as percentage point effects.) This discontinuity in zero-premium plan enrollment will 

be our first stage when we estimate fuzzy RD models for the effect of zero-premium plan 

enrollment. This enrollment effect could be behavioral in the sense that enrollees switch to the 

lowest-premium plan when its premium is zero, or it could be mechanical, in the sense that 

enrollees select the lowest-premium plan regardless of whether its premium is zero. We find that 

the effect is almost entirely mechanical: enrollment in the lowest-premium plan (whether zero or 

positive) falls by one to two percentage points, so more than three-quarters of the increase in 

zero-premium plan enrollment is continuous at the threshold. There is a slight amount of 

switching into zero-premium plans. However, we see no meaningful changes in the 

characteristics of chosen plans. Figure 4 shows no discontinuities in enrollment in silver or 

bronze plans, nor do we see differences in the post-PTC premiums or deductibles of selected 

plans. Our point estimates indicate that eligibility for a zero-premium plan—which is nearly 

always a bronze plan—slightly decreases enrollment in silver plans, by an amount less than one 

percentage point. Our finding that zero-premium plan eligibility has little effect on plan choice 

could in principle be driven by the widely-documented phenomenon of inertia in health plan 

 
12 Our semi-elasticity estimates are in line with but on the high end of those reported in the literature; see Finkelstein 

et al. (2019), Jaffe and Shepard (2020), and the discussion in Saltzman (2019).  
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choice (e.g., Handel 2013; Drake, Ryan, and Dowd 2021). However, we show in Appendix 

Table A1 that plan selection effects are similar for new and returning enrollees.  

Thus, nearly all substitution to the lowest-premium plan is coming from other bronze 

plans. This fact has several implications. Zero-premium plan availability does not appear to 

induce enrollees to switch away from generous CSR-eligible plans and enroll in zero-premium 

plans with more cost-sharing. Thus, the increased enrollment in lower-premium bronze plans that 

occurred in 2019 (see Table 1) is likely a result of falling premiums causing enrollment to rise 

rather than a result of true zero-price effects. Finally, if zero-premium plan availability affects 

benefit duration, it likely does so through enrollment in zero-premium plan per se, rather than 

through changing the other characteristics of the chosen plan.  

Therefore, we turn to estimating availability and take-up effects of zero-premium plans 

on coverage duration. We present RD plots for coverage duration outcomes in Figure 5. The 

visual evidence in Figure 5 shows a discontinuous decrease in days enrolled, full-year coverage, 

and enrollment on January 1st when zero-premium plans become unavailable. We see a slight but 

noisy discontinuity in the probability of being enrolled on December 31st. These figures do not 

show extremely sharp discontinuities, but we note that we expect duration effects to operate only 

through the take-up of zero-premium plans. As only about eight percent of enrollees select zero-

premium plans, any effects may be difficult to see clearly in the figures. 

We present in Table 4 the fuzzy RD estimates, which are scaled by the discontinuity in 

enrollment in zero-premium plans. We report both the reduced form estimates (“sharp RD”)—

the effect of availability—and the instrumental variables estimates (“fuzzy RD”)—the effect of 

enrollment. The reduced form estimates show that zero-premium plan availability increases 

coverage by 2–6 days, and our IV estimates show that take-up increases coverage by 30–60 
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days.13 (The IV estimates are scaled by 100 so they can be interpreted as percentage point effects 

of zero-premium plan enrollment). Zero-premium plan enrollment increases the probability of 

being covered for the full year by 13–28 percentage points. Most of this increase is driven by 

increases in the probability of being covered on January 1st, which increases by 15–33 

percentage points with zero-premium plan enrollment. We observe smaller and less robust 

increases in end-of-year coverage. However, at the optimal bandwidth we find that zero-

premium plan enrollment increases the probability of being covered at the end of the year by 

nine percentage points. That is, zero-premium plan enrollment reduces drop-out by nine 

percentage points.  

Zero-premium plans increase coverage duration by making it easier for households to 

finish the process of coverage enrollment in time for a January 1st start date. We show this in two 

ways. First, Figure 6 shows the distribution of sign-up dates among households near the cutoff 

for zero-premium plan availability, stratified by households that do have zero-premium plans 

available to them and enrollees that do not. There is a very large spike in completed enrollments 

just before the December 17th deadline (note the log scale). Households with zero-premium plans 

available to them are more likely to enroll before the deadline compared to households without 

zero-premium plans available. Second, the last two panels of Figure 4 show that zero-premium 

plan availability causes households to enroll in their coverage sooner, resulting in a greater 

proportion signing up before the deadline. We estimate that zero-premium plan enrollment 

increases the probability of timely enrollment by 20–35 percentage points. This effect is large 

enough to explain the entirety of the increase in January 1st start dates. 

 
13 For our IV estimates, we report heteroscedasticity robust standard errors, clustered on households, as is common 

in applied practice. Recently, Lee et al. (2020) have argued that inference based on these standard errors is likely to 

lead to over-rejection, even when the first-stage F-statistic is greater than ten (as it is in our case). As our first stage 

F-statistic is never smaller than 498, over-rejection is not a concern in our context.  
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5.2. Heterogeneity  

To better understand the mechanisms behind our results, we investigate heterogeneous 

responses to zero-premium plan availability. We explore four dimensions of heterogeneity. First, 

we compare high- and low-income enrollees, splitting at incomes equal to 200% FPL, as we 

might expect lower-income enrollees to be more sensitive to financial transaction costs. Second, 

we compare male and female enrollees. Third, we compare younger and older enrollees.14 Lastly, 

we compare enrollees that are newly enrolling in C4HCO and those that are returning from the 

previous year. Returning enrollees may be less sensitive to transaction costs because they have 

experience “paying” the transaction costs in the previous year.  

We report heterogeneous effects of zero-premium plan availability in Appendix Tables 

A1 (for zero-premium plan enrollment) and A2 (for days covered). Zero-premium plan 

availability affects 3.16 percentage point higher enrollment in zero-premium plans among 

enrollees with household incomes above 200% FPL.15 We do not find that zero-premium plan 

availability has heterogeneous effects on zero-premium plan enrollment by gender or age. We 

find similar and significant effects on zero-premium plan enrollment for new and returning 

enrollees, although new enrollees are more sensitive than returning enrollees. However, we find 

important heterogeneity in the duration responses. Specifically, low-income enrollees’ coverage 

duration is especially responsive to zero-premium plan availability and take-up. For higher-

income enrollees, we estimate a negative and insignificant effect of zero-premium plan take-up 

 
14 We report results using the MSE-optimal bandwidth of Calonico et al. (2014), estimated separately for each 

subsample. We do not examine heterogeneity in take-up because we cannot reliably measure eligibility counts by 

cells of heterogeneity. For example, we do not observe incumbency in the ACS. 
15 This is likely due to differences in choice sets for enrollees with household incomes at or below 200% FPL, who 

can enroll in relatively highly generous CSR silver plans that rarely have zero-dollar premiums, and enrollees with 

household incomes above 200% FPL, for whom the coverage generosity differences between zero-premium bronze 

plans and positive premium silver plans are not nearly as large. 
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on days covered. Younger, female, and new enrollees are more responsive on the duration 

margin.  

These heterogeneous responses to zero-premium plans have three implications. First, the 

greater days covered response among low-income enrollees is consistent with our proposed 

financial transaction cost mechanism, as low-income enrollees are less likely to have access to 

credit cards that might ease transaction costs, and transaction costs have a higher burden for 

individuals with lower socio-economic statuses (Christensen et al. 2020). Second, the fact that 

younger enrollees and women are more responsive (in duration) indicates that the composition of 

the market may respond to zero-premium plan availability, possibly affecting premiums.  

5.3. Smoothness and Robustness Tests  

We investigate the validity of our RD design by examining baseline covariates, which 

should not be affected by zero-premium plan availability. We show RD plots in Appendix Figure 

A4 for enrollee characteristics and features of offered (not necessarily chosen) plans. We do not 

observe any obvious discontinuities, although there are striking kinks in all covariates. These 

kinks are likely driven by changing composition of enrollment, as post-PTC premiums initially 

are falling in the running variable, and then they are flat (as shown in Figure 2). This continuity 

is reassuring in that it indicates that our main estimates are not driven by discontinuous changes 

in sample composition. We report estimated discontinuities in covariates in Table 5. In contrast 

to the apparent continuity in Figure 4, we find statistically significant discontinuities for some 

covariates. These discontinuities are small in magnitude, about a year of age, four FPL points, 

and $30 higher awarded PTCs. These higher PTCs are about 5% of the mean.  

To address this small but concerning imbalance, we re-estimate our main RD models, 

adding all covariates as controls. The results are in Appendix Tables A3 and A4. In panels A–D, 
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we use the same set of bandwidths as our initial results; in Panel E, we use the optimal 

bandwidth for RDs with covariates per Calonico et al. (2019). In general, the results change 

little. At the (covariate-adjusted) optimal bandwidth, we find small effects of zero-premium plan 

availability on plan choice, and about a 40-day increase in coverage duration, driven by a large 

increase in January 1st enrollment. Reassuringly, we find that our results are robust to covariate 

adjustment, meaning that the small imbalance in covariates is unlikely to explain either our null 

effects for plan choice or our positive effects on duration.   

As a further robustness check, we estimate quadratic RD specifications. We present the 

point estimates of quadratic versions of our main specifications in Appendix Tables A5–A7. 

These estimates are generally less precise, so at the lower bandwidths, we sometimes find 

insignificant duration effects. At the optimal bandwidth, however, we find duration effects 

similar to our main specification, as well as small plan choice effects.  

Our last robustness check shows that our duration effects are not driven by changing 

characteristics of the chosen plan. Specifically, we re-estimate our duration models, but 

controlling for all demographic covariates as well as plan characteristics, including an indicator 

for bronze plan chosen, an indicator for a silver plan chosen, and the deductible of the chosen 

plan. We continue to find a large and significant effect of zero-premium plans on coverage 

duration, as shown in Appendix Table A8. This result provides some additional support for our 

exclusion restriction. However, selected plan characteristics are endogenous (i.e. potentially 

sensitive to zero-premium plan availability), so these results should be viewed cautiously.   
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6. Discussion  

We find that zero-premium plan availability does not substantially affect coverage take-

up or plan choice, but choosing a zero-premium plan does increase coverage duration. Below, we 

discuss the mechanisms behind this result, as well as policy implications and limitations. 

6.1. Transaction cost mechanism 

There are two mechanisms, broadly defined and not mutually exclusive, that could 

explain why coverage changes discontinuously at a price of zero: (1) a special psychological role 

for zero (as in Shampanier et al. 2007 or Douven et al. 2019) and (2) transaction costs needed for 

money to change hands. Our results point strongly to the transaction costs mechanism. 

Transaction costs are plausibly important in our context because there is a tight window between 

the deadline of selecting a plan and the deadline of paying for the plan to start coverage; missing 

that deadline could cause enrollees to lose a month of coverage or more. In support of transaction 

costs as a mechanism for the duration effects, we find that on-time payment increases with zero-

premium plan availability. Further, we find larger effects for lower-income enrollees, for whom 

it is likely more difficult to make a payment because of limited access to credit cards and bank 

accounts (Federal Deposit Insurance Corporation 2020). The transaction cost mechanism is also 

consistent with our finding that zero-premium plan availability does not increase enrollment or 

cause enrollees to switch to the cheapest (i.e., zero-priced) plan.  

Two pieces of evidence directly support our transaction cost mechanism explanation. 

First, zero-premium plan availability affects coverage duration by increasing the share of people 

who sign-up for coverage by December 17th. This early start is implied by our mechanism, but 

would not be implied by other mechanisms that focus on, for example, differential appeal of 

zero-priced products. Second, transaction costs are likely to be more important enrollees 
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attempting to obtain coverage from national insurance carriers.16 Our conversations with 

Colorado insurance brokers indicate that these carriers are less likely to be flexible about late 

initial payments. Conversations with sales representatives at local carriers also indicated that 

these carriers could be more flexible. Sales representatives at national carriers were unwilling to 

comment specifically on what would happen if an initial deadline were missed. We therefore 

estimate RD models for coverage duration that stratify on enrollment in national or local carriers. 

The results, in Appendix Table A9, show that zero-premium plan eligibility has a much larger 

effect for people who selected plans from national carriers than from local carriers, although the 

difference is not statistically significant. This larger response is consistent with the idea that 

zero-premium plans eliminate the transaction cost of making an on-time payment.  

By reducing transaction costs, zero-premium plans not only facilitate on-time sign-up but 

also prevent enrollees from dropping coverage mid-year by failing to make a premium payment. 

Indeed, in related work, McIntyre et al. (2021) show that automatically switching enrollees to 

zero-premium plans, if available, reduces drop-out rates of enrollees who default on premiums. 

We find some evidence for this mechanism, although our estimates for drop-out are more 

sensitive to the bandwidth than are the estimates for on-time sign-up. Two factors explain why 

we find stronger effects for on-time sign-up than for drop-out. First, after failing to pay a 

premium for one month, an enrollee can stay covered by retroactively paying premiums. Thus, 

even if enrollees with token positive premium plans miss their payments, they are unlikely to be 

disenrolled by the insurer, as they can make retroactive payments. Second, brokers and insurers 

indicated to us that they encourage enrollees to sign up for auto draft or other automatic 

 
16 The national carriers are Anthem, Cigna, Humana, and Kaiser Permanente, which collectively enroll 86% of 

C4HCO enrollees. The remaining non-national carriers are Rocky Mountain Health Plans ,Bright Health Plan, 

Denver Health Medical Plan, and Friday Health Plans.  
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payments, which eliminate ongoing and recurring transaction costs from monthly payments. 

Similarly, while we might expect a reduction in transaction costs to increase overall enrollment, 

it is not necessarily surprising that we do not observe enrollment effects. The total cost of 

enrollment borne by the enrollee is low, even in positive premium plans (i.e., just the cost of the 

token premium and the transaction costs). The transaction costs likely lead to slight delays in 

enrollment, pushing enrollee over critical deadlines, leading to shorter coverage duration but not 

changing eventual enrollment decisions.  

The coverage implications of these transaction costs are large. To give a benchmark, we 

can compare coverage changes resulting from transaction costs to the coverage consequences of 

a premium increase (induced, for example, by a subsidy cut). We find that the transaction cost of 

paying for coverage—initially signing up and then making payments to maintain coverage 

throughout the year—reduces coverage duration by 30–60 days, a decrease of 10%–20% of days 

covered at the threshold. We also estimate a semi-elasticity of coverage take-up of 0.8 with 

respect to the monthly premium, so an annual premium increase of $150 produces an enrollment 

decline of 10%, and $300 produces an enrollment decline of 20%. As Shepard and Wagner 

(2021) explain, this comparison indicates that reducing transaction costs may be a fiscally 

efficient means to increase coverage, because the coverage-equivalent premium increase ends up 

making large transfers to inframarginal enrollees, while eliminating transaction costs does not.  

This calculation compares the days covered effect of zero-premium plans to the take-up 

effect of premiums, implicitly assuming that the extra days covered induced by the extra take-up 

is equal to average days covered. It is possible that the marginal enrollees taking up coverage are 

covered for more or fewer days than average. However, when we estimate models for days 

covered, we find small and insignificant kinks (see Appendix Table A10). These kinks imply 
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semi-elasticities of days covered with respect to the premium of less than 0.1. Most of the 

coverage response to premiums thus appears to be the extensive margin of take-up rather than  

the intensive margin of days covered conditional on take-up. 

We caution that $150-$300 should not be interpreted as the actual transaction cost of 

paying for coverage. The premium and transaction cost sensitivities are driven by two different 

subpopulations; the transaction cost sensitivity is local to the subpopulation of people who 

always enroll in the lowest-cost plan. 

6.2. Broader Implications 

Our results show that zero-premium plan availability substantially increases coverage 

duration in Colorado but does not affect coverage take-up. However, we expect that zero-

premium plans could have a substantial effect on take-up as well as duration in other states, 

though we acknowledge that any out-of-sample extrapolation is tenuous. We have argued that 

zero-premium plans increase coverage duration by both by reducing dropout and, especially, 

increasing on-time sign-up rates, because they make it easier to finalize the process of signing up 

for coverage by the December 17th deadline. In Colorado, zero-premium plans do not appear to 

affect the likelihood of ever taking up coverage. However, this null effect is likely a reflection of 

the fact that Colorado’s open enrollment period extends into January. For many states—

including the 36 states that use healthcare.gov—open enrollment ends on December 15th. For 

these states, delays in paying for initial coverage could result in a totally foregone opportunity to 

take up coverage. We might therefore expect meaningful take-up effects of zero-premium plans 

in states that use healthcare.gov. 

We provide back-of-the-envelope calculations on the plausible magnitude of these 

effects. We caution that these calculations are based on an out-of-sample extrapolation. To do the 
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extrapolation, we assume that the effect of zero-premium plan availability on “on-time” sign up 

in Colorado is the effect on coverage take-up in healthcare.gov states. The justification for this 

assumption is that while people in Colorado who miss the on-time deadline have an opportunity 

to sign up for February 1st coverage, people in other states do not have this opportunity and 

would lose coverage entirely. This assumption could fail if, for example, the worse outcome 

from missing the deadline induces more people to make the deadline. Our point estimate is that 

zero-premium plan availability increases on-time coverage sign-up by 3.4 percentage points, an 

increase of five percent on a base of 65. Extrapolating crudely to healthcare.gov states, we might 

therefore expect zero-premium plan availability to increase take-up by five percent. Between 

2016 and 2018, zero-premium plan availability increased by 30 percentage points in the states 

using healthcare.gov (Branham and Deleire 2019). Our estimates imply that this would have 

increased take-up by perhaps 1.5 percent, or about 125,000 enrollees (given 8.5 million current 

enrollees).   

This discussion highlights an important interaction between transaction costs and open 

enrollment period length. In Colorado, where the open enrollment period extends into January, 

transaction costs cause delays in coverage but do not prevent take-up. In many states, including 

the 36 states that use healthcare.gov, open enrollment ends December 15th. In these states, 

transaction costs may cause many people to miss coverage deadlines entirely, preventing take-

up. Our results suggest that take-up could be increased not only by increasing the availability of 

zero-premium plans but also by extending open enrollment periods. 

A broader implication of our results is that transaction costs from even token premiums 

can meaningfully reduce benefit take-up and use. These transaction costs could be eliminated in 

many ways. First, policymakers could increase the availability of zero-premium plans. To do so, 
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policymakers could reduce post-PTC premiums to zero if they fall below a minimum threshold 

of a small dollar amount. These changes would require additional funding and changes in state or 

federal law. Some states, such as New Jersey and California, have funded additional premium 

subsidies that are applied to all subsidy-eligible plans (Get Covered NJ 2021; Covered California 

2021). States could target these additional subsidies at plans whose post-PTC premium is below 

a nominal amount, if the objective is to increase coverage duration. A less-targeted mechanism 

for expanding zero-premium plans is to increase the generosity of PTCs for all enrollees, as 

Congress recently did by passing the American Recovery Act (McDermott, Cox, and Amin 

2021).   

Second, policymakers may consider restricting or subsidizing the coverage of non-

essential health benefits in Marketplace plans. Examples of non-essential health benefits include 

the adult vision exams covered by many Kaiser Colorado plans, or mandated abortion coverage 

in California’s Marketplace (Salganicoff et al. 2014). The cost of these benefits typically 

represents less than one percent of a plan’s premium. These small benefits are ineligible for 

subsidies but create significant transaction costs. In addition to reducing coverage duration, these 

transaction costs may reduce insurers’ revenue because they reduce the number of months for 

which insurers receive payments. A simple way to eliminate these transaction costs would be to 

cover select non-essential health benefits with state-based subsidies or to restrict insurers from 

offering additional benefits. Such restrictions could be limited to bronze plans, which constitute 

the large majority of zero-premium plans. 

Third, insurers or policymakers could extend the payment deadline to initiate coverage. 

Payments received after January 1st could either allow for retroactive coverage or for coverage to 

begin on February 1st. As it stands, many Marketplace enrollees sign up for coverage at the end 
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of the open enrollment period, on or close to December 15th. Such enrollees then only have 16 

days to provide their first premium payment to their insurer. As our results suggest, this timeline 

may be problematic for lower-income enrollees who are disproportionately unbanked. Extending 

the initial payment deadline, allowing for retroactive payments, and utilizing insurers’ discretion 

to continue their enrollees’ coverage all may be helpful approaches to reducing the coverage 

duration reductions associated with initial premium payments.   

 Increasing the prevalence of zero-premium plans also comes with another advantage to 

policymakers seeking to expand insurance coverage: Doing so makes it easier to facilitate 

automatic enrollment and third-party sign-ups. This is possible because no cost is imposed on an 

individual if they are automatically enrolled in a zero-premium health plan. Automatic 

enrollment programs have been found to be highly effective, implying that this additional benefit 

of zero-premium plans is important. Express lane eligibility programs automatically enroll 

eligible persons in Medicaid based on their eligibility for other social welfare programs. Blavin, 

Kenney, and Huntress (2014) found that express lane eligibility programs increased Medicaid 

enrollment among children by 5 percent, and Louisiana’s express lane eligibility program 

automatically enrolled 20,000 Medicaid eligibles in the first year of expansion (Shafer and Frakt 

2020). Hospital presumptive eligibility, a historically effective program in which hospitals enroll 

their eligible patients into Medicaid (Degife, Forman, and Rosenbaum 2021), is only possible 

because hospitals can enroll patients without imposing a financial cost upon the patient. Zero-

premium Marketplace plans could allow the expansion of programs like express lane eligibility 

and presumptive eligibility to the Marketplaces, and these plans may be helpful in closing the 

coverage take-up gap between the Marketplaces and Medicaid. 

6.3. Limitations 
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The primary limitation of our study is that it focuses on a single state. Colorado is a 

relatively wealthy state that has expanded Medicaid and runs its own state-based Marketplace. 

Unlike the nearly 40 states that have used the healthcare.gov platform since 2014, Colorado has 

conducted robust outreach for its Marketplace and has an extended open enrollment period, 

which contrasts considerably with the federal government's approach to healthcare.gov after 

2017. Zero-price effects may have effects in other states with different demographics and/or 

approaches to their Marketplaces. 

We note three other limitations. First, our covariate imbalance points to a potential failure 

of our RD models. While the magnitude of imbalance appears small, we cannot rule out that 

some or any of our estimates may be biased by sorting on unobserved factors. Second, it is 

possible that advertisements informed potential enrollees that zero-premium plans were broadly 

available in C4HCO in 2019. A zero-price effect could have drawn enrollees to the 

Marketplaces, but those enrollees may have chosen non-zero-premium plans after studying the 

differences in benefits. For example, lower-income enrollees could have visited C4HCO and 

discovered that while bronze zero-premium plans were available, they preferred other plans with 

relatively low premiums and more generous benefits (i.e., silver CSR plans for low-income 

enrollees). Similarly, it is also possible that zero-price effects were limited by the fact that nearly 

all zero-premium plans in Colorado were of the bronze metal level. This has not been the case in 

other states, such as Oklahoma and Tennessee, that had widely available zero-premium plans at 

the silver and gold metal levels. This variation may help to explain the discrepancy between our 

findings and those of Drake and Anderson (2020), who found evidence of extensive margin zero-

price effects in states that used the healthcare.gov platform.17 Third, potential enrollees that could 

 
17 Drake and Anderson (2020) estimated a county-level aggregate demand model with instrumental variables and 

fixed effects for states using the healthcare.gov platform and California from 2015–2019. They found evidence of 
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have been enticed to enroll in the Marketplace in its early years with zero-premium plans may 

have already done so by the time they became widely available in 2019. However, we do not 

observe any evidence of zero-price effects as early as 2016, the third year of the Marketplaces. 

7. Conclusion 

Using administrative data from Colorado's Health Insurance Marketplace, we find that 

the availability of and enrollment in zero-premium health insurance plans substantially increases 

the duration of insurance coverage. This increase in coverage duration is due to lower-income 

households enrolled in zero-premium plans being more likely to begin their coverage on January 

1st. We attribute this finding to the reduced transaction costs inherent in enrolling in a health plan 

without a premium: enrollees do not need to make a payment to their insurer. These transaction 

costs are important because so many enrollees begin the sign-up process at the deadline for 

January 1st coverage with little time to complete the process. Zero-premium plan availability 

does not increase take-up rates in our context, and zero-premium plans are not especially 

attractive when enrollees make their plan selection decisions, so alternative explanations based 

on zero as a psychologically special price do not account for the zero-premium effects we 

document.  

Our findings indicate that transaction costs play an important role in reducing use of 

subsidized health insurance. They point to several policy levers to increase coverage, including 

increasing the availability of zero-premium plans, easing transaction costs by extending open 

enrollment periods, or creating longer grace periods for initial premium payments. Exploring the 

consequences of these policies is a promising avenue for future research.  

 
extensive margin zero-price effects. Variation in zero-premium plan availability in other states, especially at the gold 

metal level, may explain their finding. Additionally, their data reported enrollment at the end of open enrollment for 

healthcare.gov states, January 1st enrollment. As shown in our analysis, zero-price effects did lead to an increase in 

January 1st enrollment for enrollees in zero-premium plans, though not an increase in overall enrollment. 
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Figure 1: Zero-Premium Plan Availability in Connect for Health Colorado 

 
Notes. Figure shows the percentage of individuals eligible to purchase zero-premium plans in C4HCO from 2016 to  

2019 by age and household type, stratified by Federal Poverty Level (FPL) groups. The sample is limited to 

enrollees with income between 138% and 400% FPL and further excludes Native Americans and tobacco users.  

The figure shows that eligibility increases with age and household size and decreases with income (FPL). Eligibility 

increased in 2019 when Colorado chose to silver load. 
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Figure 2: Lowest-Premium and Zero-Premium Plan Availability, Given Running Variable 

 

Notes. Figure shows how the premium of the lowest-premium plan (after premium tax credits, PTC) and zero-

premium plan availability vary as a function of the running variable, which is the lowest pre-PTC premium available 

less the awarded PTC. 
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Figure 3: Effect of Zero-Premium Plan Availability on Coverage Take-Up 

 

 
 

Notes. Figure shows the take-up rate of C4HCO coverage in each bin of the running variable, the lowest pre-

PTC premium available less the awarded PTC. Take-up is measured as the enrollment count (measured in the 

C4HCO data) divided by the smoothed eligibility count (measured in the ACS data). Bins are $2.50. The sample 

is defined in the notes to Figure 1.  
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Figure 4: Effects of Zero-Premium Plan Availability on Characteristics of Selected Plans 

 

 
Notes. Zero-premium plans are available when the running variable is negative. The running variable is the lowest 

pre-PTC premium available less the awarded PTC. Figures show the mean of the indicated variable in each bin of 

the running variable. The sample is defined in the notes to Figure 1. 
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Figure 5: Effects of Zero-Premium Plan Availability on Coverage Duration and Enrollment Timing 

 
Notes. Zero-premium plans are available when the running variable is negative. The running variable is the lowest 

pre-PTC premium available less the awarded PTC. Figures show the mean of the indicated variable in each bin of 

the running variable. The sample is defined in the notes to Figure 1. 
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Figure 6: Enrollment Date by Zero-Premium Plan Availability  

 

 
 

Notes. Figure plots, in each two-day bin of enrollment, the log probability that a household in an indicated group 

(eligible zero-premium plan, or not) enrolled on that day. The sample is defined in the notes to Figure 1 and further 

restricted to households with a running variable less than $80 in absolute value. Zero-premium-eligible households 

have positive values of the running variable, and ineligible households have negative values. The figure shows that 

both groups sign up disproportionately around deadlines, but zero-premium ineligible households were more likely 

to sign up after the December 16th deadline.  
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Table 1: Summary Statistics for Connect for Health Colorado-Enrolled Individuals and Households 

 

    Time Period (Mean (SD)) 

  2016 2017 2018 2019 All 

       

Enrollment (#)      

 Individuals 98,214 103,372 106,808 110,452 418,846 

       

Individual Characteristics      

 Age 42.5 (16.4) 42.7 (16.5) 42.4 (16.6) 42 (16.7) 42.4 (16.5) 

 Female (%) 54.1 54.0 53.9 53.8 54.0 

       

Household Characteristics      

 Household Size (#)1 1.8 (1.1) 1.8 (1.1) 1.8 (1.1) 1.8 (1.1) 1.8 (1.1) 

 Federal Poverty Level (%) 237 240 241 243 240 

 PTC Awarded ($) 458 (383) 593 (495) 834 (607) 905 (627) 705 (570) 

 Pre-PTC Benchmark Premium ($) 703 (421) 830 (506) 1,079 (653) 1,097 (645) 934 (592) 

 Zero-Premium Plan Available (%) 27.0 31.2 36.5 59.2 39.0 

       

Enrollment and Plan Selection       

 Pre-PTC Premium ($) 703 (421) 830 (506) 1,079 (653) 1,097 (645) 934 (592) 

 Post-PTC Premium ($) 239 (212) 241 (214) 262 (231) 224 (217) 241 (219) 

 Enrolled in Zero-Premium Plan (%) 4.8 7.3 5.9 13.3 7.9 

 Enrolled in Lowest-Premium Plan (%) 18.0 18.4 16.1 20.6 18.3 

 Metal Level: Bronze (%) 42.6 44.0 43.3 48.0 44.6 

 Metal Level: Silver (%) 50.9 51.8 53.3 46.9 50.7 

 Deductible (1,000s) 3.2 (2.3) 3.5 (2.4) 3.6 (2.5) 3.9 (2.6) 3.6 (2.5) 

       

Coverage Duration      

 Days Covered (#) 293 (102) 292 (107) 294 (108) 299 (107) 295 (106) 

 Covered on December 31st (%) 79.0 73.4 73.3 74.5 75.0 

 Covered for Full Year (%) 51.1 53.7 58.3 61.6 56.3 

  Covered on January 1st (%) 64.7 73.6 79.7 82.7 75.5 
1 Only includes individuals and households enrolled in C4HCO. 

Notes. Sample includes C4HCO enrollees with incomes between 138% and 400% FPL, 2016–2019, excluding 

households with smokers or Native Americans. Households with smokers were excluded because they could not 

qualify for a zero-premium plan due to smoking surcharges. Native American households were excluded because 

their subsidy is different than that of other Marketplace enrollees. 
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Table 2: The Effects of Zero-Premium Plan Unavailability on Take-Up  

 

Bandwidth 40 80 120 CCT-RD = 19.7 CCT-RK = 19.2 

      

Discontinuity  3.4 5.4 5.1 1.2 1.0 

 (1.3)   (1.2)   (1.2)   (1.5)   (1.5)   

      

Kink  -0.489 -0.304 -0.180 -0.433 -0.420 

 (0.067)   (0.029)   (0.021)   (0.165)   (0.173)   

      
Notes. Table reports the estimated discontinuity (the effects of zero-premium plan unavailability) and kink 

(from Equation (3)) in the bin-level take-up rate, at the indicated bandwidth. The unit of observation is a 

$2.50 bin of the running variable. The last two columns use the Calonico et al. (2014) optimal bandwidth 

for RDD and for RKD. The sample is as defined in the notes to Table 1. Heteroscedasticity-robust standard 

errors in parentheses. 
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Table 3: The Effects of Zero-Premium Plan Unavailability on Plan Selection 

 

  

Zero-Premium 

Plan 

Enrollment (%) 

Lowest-

Premium Plan 

Enrollment (%) 

Silver Plan 

Enrollment (%) 

Bronze Plan 

Enrollment (%) 

Post-PTC 

Premium ($) 
Deductible ($) 

 

      

A. Bandwidth = 40 (N=89,335)  

Discontinuity  -7.51 0.33 0.96 -0.47 -6.29 -31.48 

  (0.34)   (0.49)   (0.85)   (0.83)   (2.83)   (44.62)   

       

B. Bandwidth = 80 (N=160,283)  

Discontinuity  -8.67 -0.70 0.18 -0.16 -8.13 -18.63 

   (0.26)   (0.37)   (0.63)   (0.62)   (2.09)   (32.97)   

       

C. Bandwidth = 120 (N=215,778)  

Discontinuity  -9.26 -1.19 -0.61 0.63 -6.79 45.77 

   (0.23)   (0.32)   (0.54)   (0.53)   (1.79)   (28.24)   

       

D. MSE-optimal Bandwidth  

Discontinuity  -8.23 -0.44 0.81 -0.53 -6.82 -30.95 

   (0.28)   (0.39)   (0.72)   (0.70)   (1.77)   (41.77)   

Bandwidth  64.3 68.3 56.8 58.8 125.5 46.3 

N  134,331 141,138 121,037 124,699 222,311 101,617 

Notes. Table reports the estimated discontinuity (the effects of zero-premium plan unavailability) in the indicated outcome at 

the indicated bandwidth. All specifications are estimated as sharp regression discontinuity designs with triangular kernels and 

household-clustered standard errors in parentheses. Coverage take-up is estimated for one-dollar bins of the running variable 

since the enrollment decisions of uninsured households are not observed. All plan selection outcomes are estimated for 

enrollees. The CCT bandwidth is the Calonico et al. (2014) optimal bandwidth, estimated separately for each outcome. The 

sample is as defined in the notes to Table 1. 
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Table 4: The Effects of Zero-Premium Plan Unavailability and Enrollment on Coverage Duration 

 

Zero-Premium Plan 

Availability/Enrollment  

Days 

Covered 

(#) 

Covered on 

Dec. 31st 

Full-Year 

Coverage  

Covered on 

Jan. 1st 

Enrollment 

Date  

Enrolled by 

Dec. 17th 

Percentage Point Change in Probability of Outcome 

       
A. Bandwidth = 40 (N=89,335; First stage F = 498.3) 

Unavailability (Sharp RD)  -2.34 -0.71 -1.01 -1.13 2.05 -1.48 
 

(1.77)   (0.72)   (0.83)   (0.72)   (1.33)   (0.78)   

Enrollment (Fuzzy RD)1  31.13 9.47 13.44 15.07 -27.26 19.69 
 

(23.61)   (9.56)   (11.10)   (9.62)   (17.74)   (10.43)   
       

B. Bandwidth = 80 (N=160,283; First stage F = 1,142.5) 

Unavailability (Sharp RD)  -4.41 -0.71 -1.82 -2.10 3.59 -2.40 
 

(1.29)   (0.52)   (0.61)   (0.52)   (0.96)   (0.57)   

Enrollment (Fuzzy RD)1 50.90 8.22 20.95 24.25 -41.46 27.66 
 

(14.94)   (6.01)   (7.03)   (6.08)   (11.20)   (6.59)   
       

C. Bandwidth = 120 (N=215,778; First stage F = 1,637.7) 

Unavailability (Sharp RD)  -4.93 -0.72 -2.39 -2.64 4.23 -2.90 
 

(1.08)   (0.44)   (0.51)   (0.44)   (0.81)   (0.48)   

Enrollment (Fuzzy RD)1  53.23 7.75 25.83 28.55 -45.63 31.28 
 

(11.76)   (4.73)   (5.57)   (4.81)   (8.81)   (5.21)   
       

D. MSE-optimal Bandwidth 

Unavailability (Sharp RD)  -5.95 -0.91 -2.58 -3.24 4.84 -3.36 
 

(0.90)   (0.38)   (0.50)   (0.37)   (0.73)   (0.44)   

Enrollment (Fuzzy RD)1  59.75 9.35 27.57 32.95 -50.40 35.22 
 

(9.08)   (3.93)   (5.32)   (3.89)   (7.69)   (4.65)   

Bandwidth  194.0 168.0 131.0 178.1 154.5 148.4 

N  291,490 267,507 228,615 277,294 253,893 247,486 

F-stat  2,416.9 2,151.1 1,757.7 2,257.0 2,011.9 1,948.8 

Notes. Specifications that estimate zero-premium plan unavailability’s impact on duration are estimated as sharp regression 

discontinuity designs. Specifications that estimate zero-premium plan enrollment’s impact on duration are estimated as fuzzy 

(2SLS) regression discontinuity designs. Enrollment in a zero-premium plan is instrumented by zero-premium plan availability. 

All specifications are estimated with triangular kernels with household-clustered standard errors. The MSE-optimal bandwidth 

is the (fuzzy) Calonico et al. (2014) optimal bandwidth, estimated separately for each outcome. The sample is as defined in the 

notes to Table 1.  
1 Outcomes are multiplied by 100 in fuzzy RD specifications to present results on the same scale as the sharp RD specifications. 
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Table 5: Testing for Discontinuities in Covariates 

 

  
Individual 

Age 

Household 

Size (#) 

Household 

FPL (%) 

Awarded 

APTC ($) 

Pre-Subsidy 

Premium of 

Benchmark 

Plan ($) 

Pre-Subsidy 

Premium of 

Lowest-

Premium 

Plan ($) 

       
A. Bandwidth = 40 (N=89,335)  

Discontinuity  -0.94 -0.03 -3.45 -26.87 -33.08 -26.87 

   (0.23)   (0.02)   (1.04)   (8.17)   (10.19)   (8.17)   

       
B. Bandwidth = 80 (N=160,283)  

Discontinuity  -1.45 -0.04 -4.47 -34.99 -44.59 -34.99 

   (0.17)   (0.01)   (0.76)   (6.03)   (7.52)   (6.03)   

       
C. Bandwidth = 120 (N=215,778)  

Discontinuity  -1.70 -0.03 -3.03 -28.99 -36.93 -28.99 

   (0.15)   (0.01)   (0.65)   (5.12)   (6.40)   (5.12)   

       
D. MSE-optimal Bandwidth  

Discontinuity  -1.02 -0.04 -4.16 -30.31 -37.29 -30.31 

  (0.21)   (0.01)   (0.88)   (5.34)   (6.48)   (5.34)   

Bandwidth  47.7 90.6 56.9 107.7 116.0 107.7 

N  104,433 176,848 121,098 200,580 211,065 200,580 

Notes. Table reports the estimated discontinuity (the effects of zero-premium plan unavailability) in the indicated 

outcome at the indicated bandwidth. All specifications are estimated as sharp regression discontinuity designs with 

triangular kernels and household-clustered standard errors in parentheses. The CCT bandwidth is the Calonico et al. 

(2014) optimal bandwidth, estimated separately for each outcome. The sample is as defined in the notes to Table 1. 
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Table A1: Heterogeneous Effects on Zero-Premium Plan Enrollment, by Income, Age, Gender, and Enrollment Type 

  

Income 

below 200% 

FPL 

Income 

above 200% 

FPL 

Above 

median age 

(45) 

Below 

median Age 

(45) 

Male Female 
New 

Enrollee 

Returning 

Enrollee 

       
  

Discontinuity  -7.03 -10.19 -8.76 -7.89 -8.75 -8.21 -9.07 -7.03 

 (0.33)   (0.47)   (0.39)   (0.37)   (0.36)   (0.31)   (0.33)   (0.43)   
 

      
  

Bandwidth 52.3 95.3 74.0 64.9 71.1 73.7 104.9 49.8 

N 66,665 89,430 76,507 67,695 66,561 81,559 104,291 50,247 

Notes. Table reports the estimated discontinuity (the effects of zero-premium plan unavailability) in the probability of enrolling in the lowest-

premium plan, at the MSE-optimal bandwidth (of Calonico et al. 2014), for the indicated samples. See notes to Table 3.   
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Table A2: Heterogeneous Effects on Days Covered, by Income, Age, Gender, and Enrollment Type 

  

Income 

below 200% 

FPL 

Income 

above  200% 

FPL 

Above 

median age 

(45) 

Below 

median age 

(45) 

Male Female 
New 

Enrollee 

Returning 

Enrollee 

       
  

Unavailability (Sharp RD)  -6.05 1.09 -1.20 -5.96 -3.49 -7.98 -4.68 -3.41 

 (1.52)   (1.96)   (0.75)   (1.56)   (1.26)   (1.02)   (1.44)   (1.33)   

Enrollment (Fuzzy RD) 72.48 -10.68 9.79 66.94 33.77 83.56 51.15 33.64 

 (18.28)   (19.23)   (6.17)   (17.65)   (12.24)   (10.90)   (15.75)   (13.11)   
 

        

Bandwidth 98.1 96.6 2,864.3 122.4 161.5 229.1 137.0 154.2 

F-Stat 936.2 471.0 3,036.9 748.9 1,292.5 1,744.5 904.4 1165 

N 95,508 90,795 238,981 101,374 119,275 174,237 123,962 120,286 

Notes. Table reports the estimated discontinuity in days enrolled, as well as the IV estimate of the effect of zero-premium plan take-up on days enrolled, and 

the first stage F-statistic, for the indicated sample, at the MSE-optimal bandwidth (of Calonico et al. 2014). See notes to Tables 3 and 4.   
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Table A3: Robustness of Plan Choice Effects to Covariates 

  

Zero-Premium 

Plan 

Enrollment (%) 

Lowest-

Premium Plan 

Enrollment (%) 

Silver Plan 

Enrollment (%) 

Bronze Plan 

Enrollment (%) 

Post-PTC 

Premium ($) 
Deductible ($) 

 
      

A. Bandwidth = 40 (N=89,335)  

Discontinuity  -7.50 0.41 0.05 0.40 -1.75 45.18 

 (0.34)   (0.49)   (0.79)   (0.78)   (2.37)   (37.88)   

B. Bandwidth = 80 (N=160,283)  

Discontinuity  -8.67 -0.66 -1.01 0.96 -1.38 78.65 

 (0.26)   (0.37)   (0.58)   (0.58)   (1.77)   (28.00)   

C. Bandwidth = 120 (N=215,778)  

Discontinuity  -9.26 -1.22 -1.33 1.32 -1.51 107.97 

 (0.23)   (0.32)   (0.50)   (0.50)   (1.52)   (24.05)   

D. Bandwidth from unadjusted RD  

Discontinuity  -8.25 -0.40 -0.30 0.53 -1.60 49.54 

 (0.28)   (0.39)   (0.67)   (0.66)   (1.50)   (35.47)   

Bandwidth  64.3 68.3 56.8 58.8 125.5 46.3 

N  134,331 141,138 121,037 124,699 222,311 101,617 

       

E. Bandwidth from adjusted RD  

Discontinuity  -8.24 -0.40 -0.74 0.85 -1.44 51.71 

 (0.28)   (0.39)   (0.62)   (0.59)   (1.55)   (34.07)   

Bandwidth  64.1 68.4 69.8 74.9 115.2 50.6 

N  134,108 141,294 143,718 151,965 210,095 109,725 

Notes. See notes to Table 3. This table differs from Table 3 in that all models adjust for household size, household income relative 

to FPL, PTC awarded, benchmark premium, and minimum premium (pre-subsidy). Panel D uses the MSE-optimal bandwidth for 

an RDD without covariates, and Panel E uses the optimal bandwidth for an RDD with covariates (from Calonico et al. 2017). 
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Table A4: Robustness of Duration to Covariates 

  

Days 

Covered (#) 

Covered on 

December 31st 

(pp) 

Full-Year 

Coverage (pp) 

Covered on 

January 1st (pp) 

Enrollment 

Date (pp) 

Enrolled by 

December 17th 

(pp) 

       

A. Bandwidth = 40 (N=89,335; First stage F = 498.7)  

Unavailability (Sharp RD)  -1.36 -0.47 -0.48 -0.70 1.44 -1.11 

 (1.75)   (0.71)   (0.82)   (0.71)   (1.31)   (0.77)   

Enrollment (Fuzzy RD)  18.13 6.30 6.38 9.37 -19.17 14.84 

 (23.40)   (9.52)   (10.91)   (9.46)   (17.50)   (10.24)   

       

B. Bandwidth = 80 (N=160,283; First stage F = 1,146.3)  

Unavailability (Sharp RD)  -3.06 -0.38 -1.13 -1.58 2.82 -1.96 

 (1.28)   (0.52)   (0.60)   (0.51)   (0.95)   (0.56)   

Enrollment (Fuzzy RD)  35.25 4.35 13.09 18.24 -32.52 22.63 

 (14.77)   (5.98)   (6.90)   (5.97)   (11.05)   (6.47)   

       

C. Bandwidth = 120 (N=215,778; First stage F = 1,640.0)  

Unavailability (Sharp RD)  -3.74 -0.45 -1.84 -2.21 3.43 -2.49 

 (1.07)   (0.44)   (0.50)   (0.43)   (0.80)   (0.47)   

Enrollment (Fuzzy RD)  40.38 4.89 19.86 23.82 -37.09 26.93 

 (11.65)   (4.71)   (5.47)   (4.73)   (8.71)   (5.12)   

       

D. MSE-optimal Bandwidth  

Unavailability (Sharp RD)  -4.04 -0.72 -2.00 -2.44 3.77 -2.79 

 (1.03)   (0.37)   (0.49)   (0.41)   (0.74)   (0.44)   

Enrollment (Fuzzy RD) 42.91 7.34 21.40 25.84 -39.65 29.43 

 (10.93)   (3.73)   (5.27)   (4.37)   (7.88)   (4.73)   

Bandwidth  135.0 183.2 129.1 138.9 143.8 139.3 

N  233,235 281,911 226,605 237,428 242,764 237,839 

F-stat  1,805.6 2,318.0 1,739.1 1,849.4 1,903.0 1,853.8 

Notes. See notes to Table 4. This table differs from Table 4 in that all models adjust for household size, household income relative to 

FPL, PTC awarded, benchmark premium, and minimum premium (pre-subsidy). Panel D uses the MSE-optimal bandwidth for an RDD 

without covariates, and Panel E uses the optimal bandwidth for an RDD with covariates (from Calonico et al. 2017). 
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Table A5: Robustness of Enrollment of Enrollment Results to Quadratic 

  Enrollment Count (#) 

Bandwidth 40 80 120 

CCT-RD1 

24.2 

CCT-RK1  

21.3 

CCT-RD2  

44.6 

CCT-RK2  

44.4 

        

Discontinuity  2.0 4.2 4.8 -1.1 -1.0 1.9 1.9 

 (1.9)   (1.5)   (1.3)   (1.9)   (1.8)   (1.8)   (1.8)   

        

Kink  -0.642 -0.585 -0.572 -0.047 0.113 -0.716 -0.716 

 (0.252)   (0.104)   (0.058)   (0.396)   (0.443)   (0.225)   (0.226)   

        

Notes. See notes to Table 2. This table differs from Table 2 in that all models include quadratic functions of the 

running variable. The columns labelled “CCT” use the MSE-optimal bandwidth of Calonico et al. (2014), chosen to 

be optimal for regression discontinuity design of degree 1 (CCT-RD1), regression kink of degree 1 (CCT-RK1), 

regression discontinuity design of degree 2 (CCT-RD2), and regression kink design of degree 2 (CCT-RK2). Given 

that these models actually control for a quadratic, the RD2 and RK2 bandwidths are more appropriate.   



60 

 

Table A6: Robustness of Plan Choice to Quadratic 

 

Zero-Premium 

Plan 

Enrollment (%) 

Lowest-

Premium Plan 

Enrollment (%) 

Silver Plan 

Enrollment (%) 

Bronze Plan 

Enrollment (%) 

Post-PTC 

Premium ($) 
Deductible ($) 

 
      

A. Bandwidth = 40 (N=89,335) 

Discontinuity  -7.34 0.57 0.87 -0.06 -2.94 7.10 

 (0.48)   (0.70)   (1.13)   (1.11)   (3.37)   (54.30)   

 
      

B. Bandwidth = 80 (N=160,283) 

Discontinuity  -7.30 0.54 0.41 0.03 -1.47 32.97 

 (0.35)   (0.51)   (0.82)   (0.81)   (2.49)   (39.46)   

 
      

C. Bandwidth = 120 (N=215,778) 

Discontinuity  -8.07 -0.14 -0.48 0.53 -1.37 38.13 

 (0.30)   (0.44)   (0.69)   (0.68)   (2.11)   (33.06)   

 
      

D. MSE-optimal bandwidth (linear) 

Discontinuity  -7.11 0.71 0.58 0.08 -1.25 16.97 

 (0.39)   (0.55)   (0.96)   (0.93)   (2.07)   (50.75)   

Bandwidth  64.3 68.3 56.8 58.8 125.5 46.3 

N  134,331 141,138 121,037 124,699 222,311 101,617 

 
      

E. MSE-optimal Bandwidth 

Discontinuity  -8.29 -0.26 0.47 -0.54 -6.92 -73.29 

 (0.29)   (0.43)   (0.60)   (0.64)   (2.02)   (36.36)   

Bandwidth  138.9 123.3 207.5 171.2 206.7 142.3 

N  237,432 219,586 303,277 270,449 302,569 241,119 

Notes. See notes to Table 3. This table differs from Table 3 in that all models include quadratic functions of the running 

variable. 
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Table A7: Robustness of Duration to Quadratic 

  

Days Covered 

(#) 

Covered on 

December 

31st (pp) 

Full-Year 

Coverage (pp) 

Covered on 

January 1st 

(pp) 

Enrollment 

Date (pp) 

Enrolled by 

December 

17th (pp) 

       

A. Bandwidth = 40 (N=89,335; First stage F = 239.2)  

Unavailability (Sharp RD)  -2.42 -1.23 -1.14 -0.57 1.52 -0.99 

 (2.59)   (1.05)   (1.21)   (1.05)   (1.94)   (1.14)   

Enrollment (Fuzzy RD)  32.94 16.74 15.51 7.74 -20.61 13.52 

 (35.22)   (14.30)   (16.53)   (14.33)   (26.38)   (15.53)   

       

B Bandwidth = 80 (N=160,283; First stage F = 424.0)  

Unavailability (Sharp RD)  -2.08 -0.67 -0.71 -0.81 1.59 -1.16 

 (1.85)   (0.75)   (0.87)   (0.75)   (1.39)   (0.82)   

Enrollment (Fuzzy RD)  28.53 9.14 9.74 11.11 -21.81 15.95 

 (25.42)   (10.31)   (11.95)   (10.35)   (19.09)   (11.23)   

       

C. Bandwidth = 120 (N=215,778; First stage F = 716.8)  

Unavailability (Sharp RD)  -3.59 -0.70 -1.25 -1.53 2.72 -1.76 

 (1.54)   (0.63)   (0.73)   (0.63)   (1.16)   (0.68)   

Enrollment (Fuzzy RD)  44.49 8.64 15.52 18.95 -33.61 21.73 

 (19.17)   (7.74)   (9.01)   (7.80)   (14.37)   (8.45)   

       

D. MSE-optimal BW  

Unavailability (Sharp RD)  -4.24 -0.57 -2.52 -1.80 4.33 -2.06 

 (1.28)   (0.54)   (0.51)   (0.56)   (0.83)   (0.59)   

Enrollment (Fuzzy RD)  34.60 2.99 18.76 15.04 -36.07 18.95 

 (14.55)   (6.18)   (5.26)   (6.51)   (8.87)   (6.80)   

Bandwidth 185.2 169.7 291.3 154.4 263.3 164.1 

N  283590 268,991 354,776 253,752 341,599 263,568 

F-stat  1,064.6 994.7 1,558.9 915.8 1,434.7 968.3 

Notes. See notes to Table 4. This table differs from Table 4 in that all models include quadratic functions of the running variable.  
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Table A8: Robustness of Duration to Controlling for Covariates and Characteristics of Chosen Plan 

  

Days Covered 

(#) 

Covered on 

December 31st 

(pp) 

Full-Year 

Coverage (pp) 

Covered on 

January 1st 

(pp) 

Enrollment 

Date (pp) 

Enrolled by 

December 17th 

(pp) 

       

A. Bandwidth = 40 (N=89,335; First stage F = 563.5)  

Unavailability (Sharp RD)  -1.35 -0.44 -0.46 -0.71 1.50 -1.12 

 (1.75)   (0.71)   (0.82)   (0.71)   (1.31)   (0.77)   

Enrollment (Fuzzy RD)  17.82 5.81 6.01 9.35 -19.72 14.80 

 (23.12)   (9.39)   (10.77)   (9.34)   (17.28)   (10.11)   

       

B. Bandwidth = 80 (N=160,283; First stage F = 1,344.8)  

Unavailability (Sharp RD)  -3.09 -0.40 -1.17 -1.61 2.89 -1.99 

 (1.28)   (0.52)   (0.60)   (0.51)   (0.95)   (0.56)   

Enrollment (Fuzzy RD)  34.61 4.45 13.12 18.07 -32.33 22.29 

 (14.35)   (5.80)   (6.70)   (5.80)   (10.72)   (6.28)   

       

C. Bandwidth = 120 (N=215,778; First stage F = 2,001.3)  

Unavailability (Sharp RD)  -3.78 -0.48 -1.89 -2.24 3.50 -2.52 

 (1.07)   (0.44)   (0.50)   (0.43)   (0.80)   (0.47)   

Enrollment (Fuzzy RD)  39.20 5.03 19.58 23.24 -36.38 26.17 

 (11.19)   (4.52)   (5.26)   (4.54)   (8.36)   (4.91)   

       

D. MSE-optimal Bandwidth  

Unavailability (Sharp RD)  -2.74 -0.41 -1.89 -1.69 3.13 -2.13 

 (1.35)   (0.50)   (0.50)   (0.51)   (0.87)   (0.52)   

Enrollment (Fuzzy RD) 31.63 4.51 19.62 18.75 -33.70 23.18 

 (15.61)   (5.54)   (5.25)   (5.63)   (9.41)   (5.73)   

Bandwidth  70.9 85.7 120.3 83.5 98.1 92.0 

N  145,515 169,368 216,148 165,888 187,897 178,956 

F-stat  1,163.5 1,453.2 2,006.6 1,413.0 1,659.9 1,564.6 

Notes. See notes to Table 4. This table differs from Table 4 in that all models also adjust for the following plan characteristics: silver plan 

dummy, bronze plan dummy, and deductible. Panel D uses the MSE-optimal bandwidth for an RDD without covariates, and Panel E uses 

the optimal bandwidth for an RDD with covariates (from Calonico et al. 2017). 
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Table A9: Effects on Days Covered Stratified by National and Local Insurers 

 Local Insurer National Insurer 

   

Unavailability (Sharp RD)  -2.86 -6.28 

 (2.56)   (0.95)   

Enrollment (Fuzzy RD) 32.8 61.54 

 (29.41)   (9.39)   

   

Bandwidth 166.3 203.6 

F-Stat 283 2,178.6 

N 37,123 257,908 

Notes. Table reports the estimated discontinuity in days enrolled, as well as the IV estimate of the effect of zero-

premium plan take-up on days enrolled, and the first stage F-statistic, for the indicated sample, at the MSE-

optimal bandwidth (of Calonico et al. 2014). See notes to Tables 3 and 4. National carriers include Anthem, 

Cigna, Humana, Kaiser Permanente, and UnitedHealthcare. 
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Table A10:  Kinks in Duration 

 

Zero-Premium Plan 

Availability/Enrollment  

Days 

Covered 

(#) 

Covered on 

Dec. 31st 

Full-Year 

Coverage  

Covered on 

Jan. 1st 

Enrollment 

Date  

Enrolled by 

Dec. 17th 

Percentage Point Change in Probability of Outcome 

       
A. Bandwidth = 40 (N=89,335) 

Kink  0.21 0.03 0.06 0.04 -0.12 0.05 
 

(0.09)   (0.04)   (0.04)   (0.04)   (0.07)   (0.04)   
       

B. Bandwidth = 80 (N=160,283) 

Kink 0.12 0.01 0.06 0.06 -0.12 0.07 
 

(0.03)   (0.01)   (0.02)   (0.01)   (0.03)   (0.02)   
       

C. Bandwidth = 120 (N=215,778) 

Kink 0.11 0.01 0.06 0.06 -0.10 0.05 
 

(0.02)   (0.01)   (0.01)   (0.01)   (0.01)   (0.01)   
       

D. MSE-optimal Bandwidth 

Kink 0.09 0.01 0.06 0.05 -0.08 0.05 
 

(0.01)   (0.01)   (0.01)   (0.00)   (0.01)   (0.01)   

Bandwidth  194 168 131 178.1 154.5 148.4 

N  291,490 267,507 228,615 277,294 253,893 247,486 

Notes.  See notes to Table 4. Table reports the estimated kink from the sharp RD specifications described in Table 4. That is, it 

reports 𝛽3, the coefficient on 𝑟𝑖𝑡 ⋅ (𝑟𝑖𝑡 > 0)in Equation (1). 
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Figure A1: C4HCO Website and Plan Selection Manu 
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C4HCO Plan Selection 
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Figure A2: Simplified Consumer Workflow to Effectuate Insurance Choices Made by December 15th 
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Figure A3: Income Distribution of Households near the Threshold 

 

Notes. Figures show the number of CH4CO-enrolled households in each bin of the running variable, the 

difference between each household’s premium tax credit, and the pre-subsidy premium of its lowest-

premium available plan. Bins are $2.50. The threshold ranges from 138% to 400% of the FPL. 
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Figure A4: Covariate RD Plots 

 

Notes. Zero-premium plans are available when the running variable is negative. Figures show the mean of the 

indicated variable in each bin of the running variable, the difference between households’ premium tax credit, and 

their lowest-premium available plan. Each of the plotted variables is determined prior to plan selection and hence is 

predetermined. The sample is defined in the notes to Figure 1.  
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Figure A5: Eligible Population by Year 

 

Notes. Figures shows the cumulative distribution of our (imputed) running variable (the difference between each 

household’s premium tax credit and the pre-subsidy premium of its lowest-premium available plan), by year, 

among C4HCO-eligible households in the American Community Survey. Specifically for each $2.50 bin of the 

running variable, we report the fraction of C4HCO-eligible households with the running variable at most that 

amount, in a given year. See Technical Appendix for a description of C4HCO eligibility.  
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Figure A6: Eligible Population

 

Notes. The solid line represents the smoothed count of PTC-eligible households from the American Community 

Survey, and bins represent the number of C4HCO-eligible households in each bin of the running variable, the 

difference between each household’s premium tax credit and the pre-subsidy premium of its lowest-premium 

available plan. Bins are $2.50.  
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Technical Appendix: American Community Survey Eligibility Estimates 

Our empirical analysis of take-up rates requires data on eligibility, specifically the count 

of eligible individuals in each bin of the running variable. We impute these counts using use data 

from the American Community Survey (ACS), a one-percent sample of the population. We work 

with the IPUMS USA version of the 2016–2019 one-year ACS samples (Ruggles et al. 2020), 

limited to Colorado residents. Our procedure closely follows Finkelstein et al. (2019), modified 

in places because of our differences in our context.  

Defining the eligible population and measuring the running variable 

We begin by defining household size and income. Our definitions are consistent with the 

rules for calculating PTCs. We define our households as “health insurance units” (HIUs), which 

are meant to be groups of people who purchase health insurance together. We use the coding of 

the University of Minnesota’s State Health Access Data Assistance Center (SHADAC). We 

define household income by summing the individual incomes of all household members, and 

household size as the count of all members in the household. We impute the poverty level using 

this household size. 

 We then limit the sample to individuals who are likely eligible for PTCs. We exclude 

individuals who report coverage through employer-sponsored plans, Medicaid, Medicare, VA 

plans, or Tricare, as eligibility for these programs implies ineligibility for PTCs. We also exclude 

everyone older than 65, who is age-eligible for Medicare. Next, we exclude households with 

income below 138% FPL (which implies Medicaid eligibility) or above 400% FPL (when 

subsidy eligibility ends). Finally, we exclude children in households with income below 260% 

FPL (who are income-eligible for CHIP in Colorado). We drop a small number of households 

where all members are younger than 18 (as income is not measured for these households), and a 
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small number of households with more than five eligible members (for consistency with our 

analysis sample).  

We proceed to impute each HIU’s running variable. Recall that our running variable is  

𝑟𝑖𝑡 = 𝑝𝑖𝑡 − 𝑃𝑇𝐶𝑖𝑡 , 

where 𝑃𝑇𝐶𝑖𝑡 is the PTC awarded, and 𝑝𝑖𝑡 is the (pre-PTC) premium of the lowest-premium plan 

available to enrollee 𝑖 in year 𝑡. The PTC awarded is a function of the benchmark premium, 

household income, and household size. Premiums depend on area-specific posted premiums, 

adjusted by a household-specific age factor.  

 We obtain household age factors by summing up the individual age factors of each 

household member. To impute households’ geographic rating areas, we first convert the 

geographies reported in the ACS public use microdata areas to counties using MABLE GeoCorr 

(Missouri Census Data Center 2012). We convert these counties to geographic rating areas. For 

each rating area, we find the lowest-premium plan and the benchmark plan using the Vericred 

data of our main analysis. We scale these premiums by household-specific age factors to obtain 

household-specific pre-PTC premiums. Finally, we impute PTC using the statutory formula, plus 

household income and poverty level.  

Measuring the distribution of the running variable  

Our goal is to measure, for each $2.50 bin 𝑏 of our running variable, 𝑒𝑙𝑖𝑔𝑖𝑏𝑙𝑒𝑠𝑏, defined as the 

count of PTC-eligible Coloradans in that bin. One way to obtain this measure is  

𝐸𝑙𝑖𝑔𝑖𝑏𝑙𝑒𝑠𝑅𝑎𝑤𝑏 = ∑ 𝑤𝑡𝑖𝑖 1{𝑏𝑖𝑛 = 𝑏}, 

using the sample of eligibles. This simply adds up the ACS person weights of all eligibles in bin 

𝑏. The problem with this approach is that the individual bin counts turn out to be quite noisy. 

This noise is caused by measurement error in reported income, errors in imputed eligibility, and 
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sampling variation (as the ACS does not have many observations in small income ranges in 

Colorado).  

We therefore smooth out the bin counts using a polynomial interpolation. Specifically, we 

regress 𝐸𝑙𝑖𝑔𝑖𝑏𝑙𝑒𝑠𝑅𝑎𝑤𝑏 on a cubic in the running variable. We estimate this polynomial using 

observations with the running variable between -150 and 300, roughly the first to 80th percentile 

of the running variable. We limit to this range because at lower values, the distribution of the 

running variable becomes very thin, and at higher values we are far away from the threshold. We 

let the coefficients of this cubic be different in 2019 than in 2016–2018. To understand why we 

allow for heterogeneous coefficients, consider Appendix Figure A5, which shows the cumulative 

distribution of 𝐸𝑙𝑖𝑔𝑖𝑏𝑙𝑒𝑠𝑅𝑎𝑤𝑏 separately for each year. The distributions in 2016–2018 are all 

quite similar. However, the 2019 distribution is clearly shifted, consistent with the higher PTCs 

and broader availability of zero-premium plans in 2019. Pooling all four years produced worse 

fits and implausible take-up rates.  

Finally, we measure 𝑒𝑙𝑖𝑔𝑖𝑏𝑙𝑒𝑠𝑏 as the predicted values from this cubic, aggregating over 

2016–2019. In Appendix Figure A6, we plot the raw counts of the running variable in the ACS, 

as well as the estimated smooth fit (i.e., the predicted values from the polynomial regressions, 

aggregating across years).  

 


