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From The Organizing Committee

From the IDSS Director

Hello!

We are the MIT Policy Hackathon organizing committee—a group of students from the Institute for Data, 
Systems, and Society (IDSS) at the Massachusetts Institute of Technology. 

We’re very excited to share the proceedings from our inaugural event—MIT Policy Hackathon: Data to Decisions. 
The hackathon stands for the same values that IDSS stands for: informed decision-making, interdisciplinari-
ty, and societal impact. As organizers, we felt that this unique combination of values is underserved within the 
hackathon community. We wanted to create a space where we could gather participants who will be able to work 
together in teams to propose creative policy solutions using a combination of robust data analytics and domain 
knowledge. This report aims to provide some background on the concept of the hackathon and motivations.

Most importantly, though, this report contains the hard work, insights, and policy recommendations from 100 
participants who decided to spend their weekends with us. The participants, formed into teams, tackled some 
of the toughest, most important policy problems of our day. These passionate students and professionals—engi-
neers, domain experts, data scientists, policy experts, and concerned citizens—lent their diverse expertise and 
diverse perspectives to the event. They tackled unfamiliar problems in interdisciplinary domains: energy and 
climate, transportation, cybersecurity, health, and the future of work. They tackled real policy issues that our 
challenge sponsors, from governments to non-profits and universities, needed real answers to. 

Needless to say, our participants and teams knocked it out of the park. Our winners impressed our judges and 
sponsors with their deep knowledge of the space, creative analyses and use of data, and impactful suggestions. 
We’re very excited to share these proposals with the wider world and see the impact they can make.

The MIT Policy Hackathon was an extraordinary success in its first year.  Its purpose and practice embodies 
much of what we aim to accomplish at IDSS: to address significant societal challenges by advancing interdisci-
plinary thinking and problem solving.  The MIT Policy Hackathon presented a series of challenges, which you 
will read about in this document, to inspire participants to collaborate, innovate, and solve problems facing lead-
ers in government and non-profits. 
 
I hope that you will be inspired by the creative solutions included in these hackathon proceedings.  I look for-
ward to seeing you at the MIT Policy Hackathon in in 2019. 
 
Best,
Professor Munther Dahleh
Director, IDSS
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Overview

Judging

ABOUT THE HACKATHON

ABOUT THE HACKATHON

MIT Policy Hackathon, run by students within MIT’s Institute for Data, Systems, and Society, seeks interdis-
ciplinary solutions to societal challenges. Our most pressing modern policy challenges can’t be solved by one 
discipline alone. In that spirit, the hackathon aims to address some of today’s most relevant societal challenges 
while fostering an interdisciplinary focus. We organized the event a a place to gather participants who will be 
able to work together in teams to propose creative policy solutions using a combination of robust data analytics 
and domain knowledge. 

The 2018 hackathon, “Data to Decisions”, was the event’s inaugaral year and was attended by 100 researchers and 
students from MIT and six other universities.

The judging process is a core part of the hackathon. Its aim is to be as fair and equitable as possible while giving 
teams a chance to demonstrate the strengths of their policy proposals.

Who were the judges?
An invited panel of judges from industry, academia, and government assessed each proposal and presentation at 
the hackathon. Please see “Judging Panel” on the previous acknowledgments page for a full listing of their names 
and affiliations.

What was the judging process like for participants?
Hackathon participants submitted two work products to the judges and organizers: a three-minute pitch deck, 
along with a 3 to 5 page policy memo detailing their proposals and analyses. The judging panel (and audience) 
had the opportunity to hear all of the three-minute pitches during round one of judging. Afterwards, the judges 
had time to deliberate, read, and evaluate the full policy papers.

After this deliberation process, judges chose the finalists for each challenge. Each finalist was then cold-called up 
to the panel and had a ten-minute extended Q&A with the judges. After the Q&A process, the judges were able 
to go through a second round of deliberation to choose the overall winner and wildcard winner. 

Challenge finalists and overall/wildcard winners are marked with a ribbon           and trophy            respectively.

What were the judging criteria?
We provided the judges with broad guidelines based on the categories of Viability, Originality, Technicality, and
Polish/Presentation. However, judges were asked to leverage their unique perspectives and backgrounds during 
the process. These guidelines provided a starting point for their extensive discussion and deliberation 
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Energy and Climate
CHALLENGE STATEMENT

Help Boston Become Carbon-Neutral by 2050
In November of 2017 Mayor Walsh announced the launch of Carbon Free Boston, a joint initiative of the City 
with the Green Ribbon Commission and Boston University.  Carbon Free Boston is an initiative to analyze the 
benefits and costs of policies and programs that will enable Boston to reach its carbon-neutrality goal.  The proj-
ect will quantify the most effective combination of technologies and policies to reduce GHG emissions across 
the energy, buildings, transportation, and waste sectors.  We expect the analysis to be completed by early fall, at 
which point it will become one of the bases for the next update of our Climate Action Plan.  Since energy use in 
buildings account for 75 percent of Boston’s GHG emissions, policies for new construction will be a key piece of 
the solution.

Article 37 Green Building Policy
Inserted into the Zoning Code in 2007, Article 37 requires all new building  projects over 50,000 sqft  to achieve 
at minimum the ‘certifiable’ level utilizing the most appropriate US Green Building Council Leadership in Envi-
ronmental and Energy Design (LEED) Rating System(s).

Article 37 was enacted to  ensure that major building projects are planned, designed, constructed, and managed 
to minimize adverse environmental impacts; conserve natural resources; are resilient to climate change; promote 
a more sustainable city; and enhance the quality of life in Boston.  To successfully create a high-performance 
and sustainable building, it is essential that project teams utilize an integrated project delivery approach from 
the initial phases of the project. Research and practice demonstrate that integrated project teams deliver better 
projects, attain higher LEED, green, and resilient building outcomes, and do so within their project budgets. The 
City expects project proponents to start with a goal of achieving all possible LEED credits and to construct the 
highest performing and most resilient building feasible. Project proponents are also expected to fully leverage 
market forces and utilize all available utility, state, and federal energy efficiency, green building, and resiliency 
funding and technical assistance.
 
The Challenge

Use 10 years of site-specific building LEED compliance data to evaluate existing Green Buildings strategies and 
inform future policy design decisions.

Specific Questions:

• What trends in LEED credit attainment do we see over time? 
• Which LEED credits are rarely sought? 
• Which are often sought but rarely achieved (for example, for some buildings we have data from both the 

initial project proposal stage and the post-construction stage) 
• Which LEED credits are frequently achieved?
• Are some credits sought disproportionately for specific building types, specific neighborhoods, or by specific 

groups? 



Incentivizing a Carbon Free 
Boston by Optimizing LEED 
Credit Options

Greenlight

Mathew Lee 
Piyali Mukherjee 
Utsav Mulay
mathew.lee@tufts.edu
piyali.mukherjee.30.pm@gmail.com
utsav.mulay@tufts.edu

POLICY PAPER
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Team Greenlight 
 

Mathew Lee 
Piyali Mukherjee 

Utsav Mulay 
 

Policy Brief  
 
Incentivizing a Carbon Free Boston by optimizing LEED Credit Options 

 
Executive Summary: 
In order to meet its goal of attaining carbon-neutrality by 2050, the city of Boston will need 
to successfully manage emissions from energy use in buildings that current take up 75% of its 
total emissions. One point of entry to tackling this issue comes from enacting legislation like 
Article 37 of Boston’s Zoning Code in 2007, requiring all new building projects greater than 
50,000 square feet to meet the minimum Leadership in Environmental and Energy and 
Design (LEED) certification standards. Working with data records from the The City of 
Boston’s Interagency Green Building Committee, this paper proposes a methodology that 
will produce the dual outputs of 1.) provide developers with LEED credit options that reduce 
GHG emissions while considering climate resiliency 2.) identifying and incentivizing specific 
LEED requirements that are feasible to prioritize in order to maximize GHG emissions 
reductions. 
 
Context of Problem: 
Article 37 stipulates fulfilling the minimum building certification requirement of LEED, a 40 
point threshold that is crossed by including multiple categories of sustainable measures to 
building design proposals. Developers may choose across issues such as sustainable sites, 
indoor air quality, and water efficiency to incorporate into their proposals but thus far there 
has been no overview of what combinations of issues developers tend to favor in order to 
meet their minimum requirement. While developer prioritize cost-minimizing behaviors, 
there is a risk that these actions may not be the most impactful ones in reducing GHG 
emissions. With the ambitious goal of achieving carbon neutrality by 2050, Boston needs to 
first identify what trends of compliance Article 37 has induced. After that, a methodology 
needs to be created to evaluate the true impact in emissions reductions new buildings are on a 
trajectory towards in order for accurate monitoring of progress towards carbon neutrality.  
 
A dataset of supporting documentation submitted by developers throughout their project 
development process with regards to Article 37 compliance from 2007-2017 was compiled by 
the City of Boston’s Interagency Green Building Committee for this analysis. In order to get 
to the eventual goal of generating policy insights from current compliance trends, this paper 
will proceed to: 

- discuss its findings from the supplied dataset  
- propose a linear optimization model to quantitatively weight emissions and cost 

factors, and  
- discuss policy implications that may be derived from this methodology 

 
Approaches and Results: 
Discussion of Findings from Supplied Dataset: 
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Team Greenlight 
 

Mathew Lee 
Piyali Mukherjee 

Utsav Mulay 
 

The given dataset was analyzed for its curation and structure to determine what analytical 
methods would be applicable. On the curation side, two outstanding issues with the dataset 
included inconsistent data recording methods and a lack of attributes included. Data records 
of project names ranged from listing an address to the name of the development project. 
Where in the project cycle was the documentation being submitted was also either listed 
without a key, or not listed at all. Some columns counting the “NEG” field suggesting that a 
project chose not to incorporate a certain LEED criteria were flipped with the “POSSIBLE” 
field that was meant to measure the total number of LEED points a project could attain. 
Along with a variety of blank values throughout the dataset, this created a high degree of 
ambiguity within the values of the data that restricted any intensive data analysis from 
producing meaningful results from the dataset’s current form.  
 
Given these circumstances, the data structure still yielded some insight into how a complete 
repository could be used for fruitful analysis. The context of the decisions that would be 
made with this data mirror other situations where linear optimization methods have been 
applied. Like decisions of land-use and setting a staffing schedule there is a resource or cost 
constraint dimension, how can developers maximize the various LEED certificate criteria 
they pursue?  
 
Maximize  y=Σ_i^(i=8) ci xi while min(ci) and Σy > 40. 

Subject to the following constraints: 

 xi≤16 since xi represents the point value of the Location and Transportation criteria  

Similarly, the other independent variables can be added to the equation.  
 
From Linear Optimization to Policy Implications 
Given the extent of the developer’s decision-making that can be captured from a linear 
optimization model, a policy perspective juxtaposes this to the government’s interest in 
maximizing GHG reductions. An ideal decision-making model from the City of Boston’s 
perspective would be one where developers are able to internalize the cost of emissions, 
thereby adopting measures that maximize the number of LEED criteria pursued and keeping 
emissions potential from new buildings down to a sustainable level. In other words, a 
negative externality of production exists in the status quo as developers need not bear the 
long run costs of higher emissions that result from their new buildings.  
 
Policy Implications and Recommendations: 
This section provides potential solutions to the problems that have surfaced from analyzing 
the trends of compliance with Article 37, climate resiliency checklist:  inconsistent data 
organization and identification of the options with the maximum impact on GHG emissions 
reductions.  
 
Improved data management system 
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Team Greenlight 
 

Mathew Lee 
Piyali Mukherjee 

Utsav Mulay 
 

Our first recommendation is to divide the existing data into more sortable fields. Currently 
the project name column also tries to encapsulate a date and the type of LEED submission 
that was being completed. We suggest creating a field for the type of LEED submission (i.e. 
PNF, Checklist...etc.) to allow for easier tracking of how one project has changed its LEED 
strategy over the course of its development. 
 
Furthermore, we suggest adding some easily identifiable attributes with the project to expand 
the types of analysis that can be performed with the data. By adding latitude and longitude 
coordinates, this can allow for georeferencing of project locations to explore vulnerabilities 
such as flood scenarios that are relevant for determining a project’s climate resilience. A 
classification of neighborhood each project is in, along with the intended use of the property 
are both pieces of essential descriptive information that can also be used for identifying more 
nuanced trends. We also suggest listing the building size and land area of each project, to 
allow for analysis of whether there are different strategies for compliance when a project is of 
a larger scale.  
 
Two other suggestions we propose for data management include keeping a detailed key and 
an improved design for data collection. For easy reference of all the acronyms describing 
project stages, a key or appendix that is linked to the data file would allow for more 
convenient interpretation. A method to minimize the variety of inputed responses to restrict 
free-text responses whenever possible and providing predetermined options instead will cut 
down the time spent re-coding responses significantly. Making such an online template 
linked to a submission portal would help standardize the type of responses that are submitted.  
 
LEEDs criteria analysis 
The optimization equation allows us to generate options of the LEED credits that achieve 
high ratings while considering cost as well as climate resiliency. For example, we may find 
that in order to achieve a Gold rating, a developer has two or three options to obtain the 
required number of credits; he could choose sustainable sites and water efficiency, or others 
that are more cost effective for him. The mapping of properties with the climate resiliency 
further allows the developer to consider the sea level rise and flooding risk, providing 
opportunities to insure, likely raising the property value for future owners and tenants.  
 
Incentivizing options through policy and review  
The options with greater GHG emission reduction can be incentivized through policy. A post 
building occupancy certificate issuance audit can be carried out to measure ‘achieved’ versus 
‘plan to achieve’ LEED credits to record true impact of GHG reduction. A biennial review of 
GHG reduction impact to check for eligibility of utility, state and federal funding as well as 
technical assistance can be carried out.  
 
We considered several risks for our recommendations.  
 
Potential Risks for suggested Policies 
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Team Greenlight 
 

Mathew Lee 
Piyali Mukherjee 

Utsav Mulay 
 

1.  Standardization of data may take time due to multiplicity of forms accepting 
applications.  

2. The algorithm may get stuck on an unsolvable problem. Set up costs to manage the 
computing power can be very high.  

3. Updating records across government departments may be a challenge.  
4. Post building occupancy certificate issuance audit may be expensive to implement. 

After implementation, ensuring compliance of the developer may be difficult as it has 
been handed over to new owners.  

5. Changing developer behaviour to incentivize adoption of high impact GHG reduction 
will be a long term process and will likely require training and awareness campaigns 
in addition to price signals.  

 
References 

1. “Article 37 Green Building Guidelines | Boston Planning & Development Agency.” 
Accessed April 8, 2018. http://www.bostonplans.org/planning/planning-
initiatives/article-37-green-building-guidelines. 

2. “Climate Action Plan.” Boston.gov. Accessed April 8, 2018. 
https://www.boston.gov/departments/environment/climate-action-plan. 
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http://www.bu.edu/ise/research/cfb/. 

4. “Boston Climate Resiliency Review Policy Update | Boston Planning & Development 
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Policy Paper - Energy and Climate Change challenge  
Team ZeroBy50: Zhen Dai, William Yuan, Gabriel Marty, Venktesh V Katkar  

 
Introduction 

The city of Boston adopted Article 37 in 2007, changing its zoning laws to better 
incentivize green buildings and encouraging the adoption of the Leadership in Environmental 
and Energy Design (LEED) standard. That same year, Boston adopted its first climate target 
of reducing emissions of greenhouse gases (GHG) by 80% by 2050 and setting broad policy 
guidelines for reaching that goal. More recently, the City also set interim targets and 
increased its ambition, leading to the current targets of GHG emission reduction of 25% by 
2020 compared to 2005 levels and achieving carbon-neutrality by 2050. 

The building sector accounts for the largest proportion of GHG emissions (~75% of 
total GHG emissions in 2014). In this context, policymakers must focus on reducing building 
GHG emissions by adopting new ambitious policies and periodically reassessing existing 
ones.  

Article 37 was inserted into the Zoning Code in 2007 and requires all new building 
projects over 50,000 square feet to reach the minimum ‘Certifiable’ level for the appropriate 
LEED standard, without mandating to go through the certification process. For Regional 
Credits, this law defines “Boston Green Building Credits” which can be of the following 
categories: Modern Grid, Historic Preservation, Groundwater Recharge, and Modern 
Mobility. 
 
Methods 

LEED checklist data from ~200 unique buildings constructed in Boston over a 10 
year period was aggregated, with data from LEED v4 and LEED v3 interconverted to a 
common format for comparative purposes. For duplicate entries (project name, credit name 
and date) the first entry was considered. Credits with more points earned than possible were 
manually corrected. Applications for the same project over different time points were 
considered separately. Classification bounds were set at 0-39 (none), 40-49 (certified), 50-
59 (silver), 60-79 (gold), 80+ (platinum). All calculations were done in Python 3.6 and R 
3.4.3. 
 
Results 
 

 
Figure 1: Fraction of LEED Credits sought, stratified by category.  

 
Figure 1 describes the source of LEED credits for Boston buildings. Relative to other 

categories, Energy and Atmosphere (EA) has the lowest fraction of maximal possible score 



20

 

sought. On average, less than 30% of the maximal possible score is achieved.  According to 
some estimates, compliance with MA Stretch Energy Codes requires achieving 3 Optimize 
Energy Performance LEED credits. On average, Boston buildings scored 10 LEED credits in 
Energy and Atmosphere. This implies that at least 30% of the earned Energy and 
Atmosphere do not represent additional effort and reflect actions that would happen in the 
absence of LEED-related requirements in the City of Boston, which has adopted the Stretch 
Energy Code.  
  In contrast, Location and Transportation represents the category where most LEED 
credits are earned. This is likely due to Boston’s high density and ease of access to public 
transportation which provides a low-effort, low-cost source of credits in the Alternative 
Transportation and Development Density subcategories (16 maximal credits). 
 

 
Figure 2: (left) LEED Score Distributions, (right) LEED Certification Types 

 
Figure 2 examines the distribution of obtained LEED scores along with the 

distribution of LEED classifications. The vast majority of buildings have a score higher than 
40, driven by the necessity to comply with Article 37 of the zoning code. However, most 
buildings have LEED scores located between 40 and 60. The lower levels of the LEED 
standard - LEED Certified and LEED Silver - make up over 82% of the buildings reporting to 
the city under Article 37. This indicates that mandating “LEED Certified” as a minimum 
certification level may not be a strong enough mandate to drive significant improvement 
among new buildings.  

Interestingly, peaks in the LEED score distribution occur short of the threshold for 
LEED Gold and LEED Platinum, as opposed to after passing the thresholds. This indicates 
that higher LEED certifications alone are not significant incentives for developers to pursue 
integration of credit-related policies into their buildings, or, more generally, that obtaining 
high LEED certification is not a priority. 

Figure 3 aims to compare the performance of LEED Silver, Gold, and Platinum 
construction in Boston and in the United States at large in the Energy and Atmosphere 
LEED categories. Energy efficiency is typically the most cost-effective method for reducing 
GHG emissions. LEED buildings in Boston are observed to be systematically 
underperforming national trends in the Energy and Atmosphere category, particularly in the 
Optimize Energy Performance and On-site Renewable Energy subcategories.  
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Figure 3: Energy and Atmosphere Point Averages: Boston vs. United States 

 

 
Figure 4: Energy and Atmosphere Unit Costs 

 
Figure 4 shows that average LEED unit costs within the EA category vary widely, but 

that the largest sources of points (Optimize Energy Performance and On-Site Renewable 
Energy) are among the most expensive options. Even among all LEED credit sources, On-
Site Renewable Energy and Optimize Energy Performance are the second and third most 
expensive sub-category per unit per area.  

Together with the observed LEED credit distribution by category (Figure 1), these 
results suggest that the LEED certifications in Boston are driven largely by cheaper or easier 
sources of credits and that LEED-based certification schemes are not effective in terms of 
promoting emission-reducing behaviors.   

An alternative metric to LEED credit count could be the Energy Star Score. Based on 
data from the BERDO database, GHG emission intensity & energy use intensity are 
observed to correlate with to Energy Star Score (Figure 5), based on the fitted sigmoid 
regression curves.  
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Figure 5: (left) Energy Usage Intensity vs. Energy Star Score, (right) Emissions vs. 

Energy Star Score 
 
Policy Recommendations: 

Commercial, industrial, and large residential buildings represent a relatively small 
number of buildings but account for a large share of the GHG emissions of the building 
sector (72% of total). Therefore, it makes sense to focus policy on this category of buildings. 
Based on the presented analysis, we formulate the following four categories of policy 
recommendations, aiming to balance ambition with feasibility. Special attention was given to 
the constraints of working within state regulations such as the building code.  
 
Modifying accounting of eligible LEED credits to ensure additionality   

- Do not count EA credits obtained through compliance to the state building codes 
towards the total LEED score of a building. 

- Limit the number of obtainable credits from categories that require little effort to 
obtain such as those in the transportation/location category. Park, et al. provides an 
effort benchmark for LEED credits. 

Updating Article 37 
- Raise the LEED level to reach for compliance (e.g. LEED Silver in the short-term, 

higher in the longer-term) to raise the minimum level of ambition expected from this 
policy. 

- Lower the Article 37 threshold from 50,000 to 35,000 square feet to increase the 
number of buildings covered and to better align this policy with BERDO. 

- The definition of “Modern Grid” regional credits should be updated to include clean 
technologies such as energy storage and demand response capability. While the 
current version incentivizes contribution to a more resilient grid, its scope is too 
restrictive, and actually encourages more carbon-based technologies such as natural 
gas turbines and diesel-powered generators. Disaggregated data about the Regional 
Credits category could help understand the impact of such a policy change. 

New regulations 
- Design new policies using the Energy Star Score as a metric rather than, or in 

addition to, LEED. This would be useful because it correlates more closely with 
energy efficiency performance and provides more details regarding the energy 
performance of a building. One potential policy could require buildings to reach a 
specific Energy Star rating threshold (with reasonable phase-in period). Based on a 
calculation using 2017 BERDO compliance data (for year 2016) and assuming static 
conditions, achieving the Boston 2020 target (-25% GHG emissions target applied 
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uniformly across sectors, including buildings) requires setting the Energy Star rating 
threshold at 9. Based on the 2016 BERDO data, only 7.6% (84/1100) buildings would 
not be compliant with such a policy. By examining the distribution and characteristics 
of buildings in the 2016 BERDO data, we identified that this policy was equivalent to 
mandating an additional 11 LEED Optimize Energy Performance  credits in buildings 
with Energy Star ratings below the threshold. By considering the counterfactual 
situation where these buildings had invested in these additional credits we found the 
payoff time through energy savings was 11.1 years. This estimate does not include 
the direct value of any improvements made or the increase in property value resulted 
from such improvements. 

Increasing transparency 
Based on studies done in the electricity sector, more transparent information 

regarding energy performance could lead to improved energy efficiency performance of 
targeted households. This is a low-cost and low-risk measure to improve energy 
performance of buildings. We recommend the following measures: 

- Mandate energy audit/energy efficiency assessments and require disclosure of this 
information to potential buyers when selling the commercial and/or large residential 
buildings. This measure is similar to the legislation recently introduced by the 
Governor of Massachusetts (An Act Relative to Consumer Access to Residential 
Energy Information) for small residential buildings.  

- An alternative or a complement to this measure could be to require disclosure of 
Energy Star Score to any potential buyers.  

- Require the display of Energy Star scores or “energy grades” (A-F grades based on 
Energy Star Scores) in the entrance of large commercial and residential buildings. A 
similar law as recently been enacted by New York City. 

- Increase educational efforts to better communicate about the benefits provided by 
these standard-based energy efficiency mandates to building developers and 
owners. These benefits include significant energy savings across the lifetime of a 
building, as well as a increase in market valuation. Indeed, a recent study showed 
that policy schemes like Energy Star or LEED can increase a property sale value by 
as much as 6%. 

 
We recognize that meeting Boston carbon-neutrality target by 2050 will require much 

more ambitious climate and energy policies and regulations in the coming years. Special 
consideration should be given to schemes that encourage development of highly energy-
efficient buildings/energy-positive buildings, decarbonization of heating (e.g. by expanding 
district heating or incentivizing replacements to natural gas-fired systems, etc.) and increase 
in building density (for instance, by keeping zoning regulations up to date). Increasing the 
share of renewable energy on top of the state RPS (e.g. by using the Community Choice 
Energy Program more aggressively) would also result in large GHG emission reductions in 
the building sector. 
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Abstract—This paper presents a novel approach to 
improve the procedures and processes in place for 
Building construction projects by backing the proposal 
with statistical analysis on the conventional methods of 
development. The text also discusses LEED standards, 
green building codes and needed improvements to bring 
substantial decrease in the carbon footprints. The paper 
proposes a comprehensive policy to achieve more 
efficient system design and net zero carbon emission 
over the Buildings life cycle.  

Keywords— LEED; Emission; Performance; Stretch; 
Assessment; Improvement 

I.  INTRODUCTION  

To reduce carbon emissions and increase energy 
efficiency through the process of green building, the 
City of Boston needs to enact mandatory and 
obligatory policy mechanisms that coincide with 
sustainable practices and architectural designs. There 
are numerous ways this can be conducted; however, 
our team has facilitated an interdisciplinary approach 
that takes into account the design decisions made at 
the start of a project which impact the long-term value 
of the building and its return on investment, meaning a 
whole-life cost/value approach is needed, from pre-
design, LEED credit selection, building construction, 
implementation, and post-construction operations. By 
incorporating a long-term time scale for green 
building, the City of Boston will provide developers 
and consumers attributes that enhance occupant health 
and well-being, therefore resulting in healthier, 
happier, more satisfied and ultimately more 
productive workers.  

II. SINGLE BASELINE SYSTEM FOR LEED STATUS  
Certification process includes issues that pertain 

towards the implementation process of adequate 
energy efficient credit scores. These issues enable 
developers to cheat the system and obtain certifiable 
certifications that do not concede with effective 
greenhouse gas emission reductions. They do so by 
obtaining easy access credit scores such as Access to 
quality transit which provide them with the capacity to 
obtain a certifiable score but ultimately, have no 
concrete effect on reducing greenhouse gas emissions 
for the buildings in question. As such, green building 

requirements of the Boston Zoning Code (Article 37) 
do not set a very high standard for sustainable 
building practices in the City. In addition, the lack of 
clarity in the ordinance is even more problematic 
because the term “certifiable” is poorly defined and 
even less well understood. Particularly, it is difficult to 
determine what is meant by the term when comparing 
a certifiable building to a LEED Certified building or 
even how to push forward the process to get a building 
to become LEED Certified Maintaining the Integrity 
of the Specifications [1] 

III. ANALYSIS OF CONVENTIONAL PROJECTS 
In a gist of Credits which are more cost effective are 
more sought after when there’s a need to choose 
credits apart from the Prerequisites for LEED 
certifiable status. Frequently achieved credits like  
compact development, Access to Transit, Alternate 
Transportation, construction and demolition waste 
management to name a few. LEED credits which are 
rarely sought include Active Solar Ready Design, High 
Efficiency Appliances, Heating and Cooling distributed 
systems, Buildings orientation for passive solar, 
Space Heating & Cooling Equipment, Efficient 
Domestic Hot Water Equipment, Renewable Energy, 
Windows, innovative waste water technology are 
some of them. These effective yet rarely sought 
because of factors such as complexity, cost index and 
maintainability.  
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To understand the trend between the most followed 
design techniques a mean distribution trend is shown 
in the graph above to identify the most used and least 
used credits  
Credit’s and targets which are often sought but rarely 
achieved, for instance, for some buildings change 
happens between proposal stage and the post-
construction stage. This type of Credits 
includes Rainwater Management, water efficiency, 
indoor environment, optimize Energy and Atmosphere 
to illustrate few. Again, their cost index is high, which 
can only get return on investment over the life cycle of 
building 
The following Pie chart shows the implementation of 
different categories of credits based on the means 
taken across the dataset 

 

IV. IMPROVEMENT STRATEGIES 
To address these issues, our team looked towards 
California’s energy efficiency standards and codes as 
a guideline for the policy we are proposing for the 
City of Boston. While solely focusing on non-
residential buildings, California Green Building 
Standards Code (CALGreen) addresses planning, 
energy efficiency, water efficiency and conservation, 
environmental quality, building operations - and 
commissioning. In California, all new non-residential 
and residential buildings are required to implement 
the CALGreen Mandatory Measures. California 
building energy efficiency standards are those 
regulations contained in Title 24, Part 6 of the 
California Code of Regulations. California has 
included voluntary provisions under LEED to become 
mandatory under CALGreen. This includes pollutant 
control for finish materials, mechanical systems 
protection during construction, CO2 monitoring, air 
filtration, no CFCs or Halon in installed equipment. 
In addition, CALGreen’s commissioning mandatory 
requirements are incorporated into the California 
Energy Code, which abides to the International 
Energy Construction Code (IECC) - a concrete policy 
mechanism for the City of Boston’s development for 
green building. 

V. PROPOSED POLICY 
Our Performance Index Approach is a down-up 
method that address the issues of green building in 
Boston through vigilant changes in mandating current 
laws at a local level and improving the process of 
construction by increasing LEED prerequisites and 
showcasing cost efficiency for developers if energy-
efficient mechanisms are adopted. Figure 2 illustrates 
the Performance Index Approach.  

 

 
 
 In order to achieve a city mandate on 
Massachusetts stretch code, it is necessary to undergo 
a “home rule petition.” Under Section 8 of the Home 
Rule Amendment, it provides that cities and towns 
may use a “home rule petition” to achieve change in 
structure. If successful, a “home rule petition” for 
mandatory measures under a stretch code mandate, it 
would enable the City of Boston to implement 
concrete and aggressive energy efficiency standards 
and regulatory procedures that mimics that of 
California to reduce greenhouse gas emissions and 
improve green building across the city. The Stretch 
Code, which emphasis energy performance, as 
opposed to prescriptive requirements, is designed to 
result in cost effective construction that is more 
energy efficient than the built to the “base” energy 
code. It abides with the IECC and can result in energy 
cost savings for Massachusetts at an estimated on the 
order of nearly $144 million annually by 2030 [3] 
This will reduce cost for developers while increasing 
energy efficiency productivity for green buildings. By 
implementing such a mandate, developers will thus 
have an incentive to include stronger LEED 
requirements that ensure new and existing buildings 
implement (a) indoor water use reduction, (b) 
optimized energy performance, (c) demand response, 
and (d) enhanced indoor air quality strategies to name 
a few. Our reasoning to choosing these four items are 
due to the fact that different projects have different 
levels of wastage and efficiency needs. As such, we 
suggest that once LEED v4.1 is initiated, categorizing 
the Building types (Electrical Demand, Area, Usage, 
Occupancy, Geography, Equipment Life, Passive 
Design techniques implemented) and setting different 
baseline scores on the Arc Platform will achieve 
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better sustainability targets during the design phase 
[4] Along with these improvements, regulations to 
improve entire development cycle of building 
projects can be implemented by creating a transparent 
process and setting a common platform for mutual 
dialogues. These mutual dialogues can be beneficial 
for coming up with project specific design 
improvements, Passive designs and LEED credits to 
be fulfilled. Supervision and advising freedom to city 
authority can help the project teams working on the 
Building design.  

VI. BENEFITS AND INCENTIVES 
Passive design techniques for energy saving, 
improving indoor air quality, water usage reduction 
can assure assures health and environmental benefits 
that adds to public welfare. Multiple iterations during 
the pre-construction or design phase, helps not only 
in cost saving but also coming up with optimum 
designs, which include effective design changes. 
Multiple parametric runs to come up with more 
options to meet the standards set according to the set 
parameter building types and usage of structure. The 
Inclusive nature of the design phase assures 
significant reduction commissioning needs and leads 
to a more sustainable and Reliable model. Use of Life 
Cycle Assessment for long term planning gives a 
more accurate overview of the time scale for 
achieving Net Zero Carbon emission. More emphasis 
in creating a refined and sustainable model during 
design and implementation phase makes sure of cost 
cutting on retro fitting, renovation and additional 
improvements needed over the Life Cycle of building 
Apart from Preconstruction phase procedure 
improvements, implementing an internationally and 
domestically proven code of construction, improves 
the efficiency of the system from the initial stage. 
This credible code can be used as a foundation and 
worked upon to incorporate more credits that might 
help in mitigating effects greenhouse gas emission or 
reduce carbon footprint of the base model. 

VII. CONCLUSION 
The Paper has discussed the current issues with the 
Building code, answering specific questions and 
showing trends developers have followed to attain 
LEED certifiable status. 
The Policy discussed provides comprehensive 
guideline for Process Improvement in terms of design 
and synergy. These improvements are feasible 
alternative to create more efficient and eco-friendly 

systems in a cost-effective way, providing funding 
only to designs with return on Investments. The 
argument to bring flexibility to an easily exploitable 
Green building code can prove effective and may 
open discussions to revaluate the Prerequisites and 
working on parameters to improve LEED Certifiable 
status procedures. This will promote more sensible 
and sustainable designs on an architectural and 
engineering level. The use of Life Cycle Cost 
Assessment Proves to be a proactive way to tackle the 
problems that conventional systems face over its life. 
This method is effective to comply to certain rules, 
including use of certain building materials, 
equipment’s cost and life to provide a more 
maintainable Infrastructure. green construction will 
account for more than 3.3 million U.S. jobs—more 
than one-third of the entire U.S. construction sector—
and generate $190.3 billion in labor earnings by 2018. 
The industry’s direct contribution to U.S. gross 
domestic product (GDP) is also expected to reach 
$303.5 billion from 2015–2018 a statistic which is as 
the beacon of things to come in the green building 
sector[1] 
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Policy Brief: Sustainable Building Strategies to Achieve Carbon-Free Boston  
 
Authors: Chenyang Cao, Jeff Sward, Juana Munoz Ucros, Kathleen Hefferon, Marie 
Zwetsloot, Maurice Jakesch  
 
Introduction 
The International Panel on Climate Change projects that industrialized countries must reduce 
their carbon emissions to curb global warming. The building sector accounts for over half of all 
energy consumption and half of the greenhouse gas (GHG) emissions. As a result, new building 
design can have great energy saving potential. LEED (Leadership in Energy and Environmental 
Design) is a green building rating system that is used around the world. The first LEED-based 
public policies were enacted in the US in 2000, and as of 2011, 384 cities have adapted LEED-
based practices.  In the City of Boston, any new buildings over 50,000 square feet in gross area 
are now required to be LEED certifiable since 2007 (detailed in Article 37). Although there is no 
evidence that LEED-certified buildings have lower energy consumption (Scofield 2009) and the 
implementation of the LEED-based policy has been controversial, it may direct efforts and serve 
as a monitoring tool for local policymakers. 
 
The challenge 
The city of Boston has committed to reducing greenhouse gas emissions by 80% by 2050. Our 
challenge is to inform policies around green buildings as a strategy to help Boston reach that 
goal. We focused on finding patterns of compliance by credit category, trying to identify the 
credits that were not being sought by developers. In order to find a direct link between LEED 
certification and GHG emissions, we used self-reported publicly available data from over 200 
projects over 50,000 sq ft. to understand the connection between LEED certification and building 
energy use.  
 
Data analysis 
We analyzed LEED compliance data for 216 projects in different Phases. We found no 
significant difference between the final points that designed projects and completed projects 
obtained across all categories. Although LEED certification has increased over time, there is no 
obvious trend in total points obtained, number of certifications granted, or level of certification 
obtained (fig. 1 a and b). Inconsistencies in reporting format and file naming made around 10% 
of the data unusable for these analyses.  
 
We focused our detailed analysis on the category Energy and Atmosphere as it is consistently 
one of the lowest scoring categories (only 32% of total points were scored, on average, across all 
completed projects), and because it is directly related to the objectives of reducing greenhouse 
gas emissions. Within this category, we found that certain credits are rarely sought, with the 
lowest scoring ones being Demand Response (only sought in 1.3% of the projects), Renewable 
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Energy Production (3.5% of the projects), and Advanced Energy Metering ( 15.7%). The lowest 
scoring categories were Water Efficiency (25% of total points were obtained by completed 
projects) and Materials and Resources (29%).  
 

  
Figure 1: a) number of completed buildings over time by certification level, since 2009 
(Certified, Silver, Gold, Platinum), and b) points obtained for LEED certification of completed 
projects over time.   
 
The introduction of LEED v4 has had little impact on the number of points obtained by 
completed projects in comparison to LEED 2009 (v3) except in the category of Sustainable Sites 
(fig. 2). It is now evident how Transportation influence the Sustainable Sites category in LEED 
2009; the credits for Transportation are almost always completely obtained, while those for 
Sustainable Sites under v4 are rarely achieved (fig. 2b).  
 

 
Figure 2: Comparison of the percentage of total points obtained for Planned (NPF) and 
Completed (COO) projects under a) LEED 2009 checklist, and b) LEED v4. [Abbreviations EA: 
Earth and Atmosphere, IE: Indoor Environmental Quality, ID: Innovation and Design, MR: 
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Materials and Resources, RP: Regional Priority, SS: Sustainable Sites, WE: Water Efficiency, 
LT: Location and Transportation) 
  
As part of our analysis, we georeferenced the projects for which we had completion data (fig. 3). 
It is evident that most of the certified and completed projects lie in the central parts of the city, 
where public transportation is readily available. This might explain why so many projects can 
claim the Transportation credits almost entirely (close to 95% for v4).  
 

 
Figure 3: Distribution of LEED-certified projects in the city of Boston. 
 
In order to understand whether LEED certification and Article 37 had any impact on actual GHG 
emissions, we looked for changes in energy consumption. We analyzed the most recent Building 
Energy Reporting and Disclosure reports (Analyze Boston), confining our analysis to all 
buildings of gross area greater than 50,000 sq ft. and built since 1999. This gave us an 18-year 
time frame before and after the insertion of Article 37. While the data do not suffice to draw final 
conclusions, it shows the following trends. Starting in 2011, we find a decrease in mean in Site 
Energy Use Intensity (EUI) and CO2 Greenhouse Gas Emissions that continues until 2016. 
Similarly, fewer projects with very high emissions (GHG > 12.39 kg/sf) were built since 2011. 
Our visualization illustrates this trend through a LOESS curve that combines multiple regression 
models and exhibits a clear downward slope starting in 2011. Taken together, the observations 
could suggest an impact of Article 37. However, a range of factors that we cannot account for 
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may have affected this trend, such as the increase in multifamily housing construction projects 
since 2011 (fig. 4). 
 

 
Figure 4: CO2 Emissions of major building projects (over 50,000 sq ft.) over the years.  
 
Implementation of the LEED certification System 
In general, there is some optimism regarding the adaptation of the LEED certification system for 
building plans in the City of Boston. While the LEED certification is not perfect, it has 
contributed to guiding new projects towards a green building design strategy while retaining a 
measure of design independence. This in turn offers improved marketability of new building 
projects by providing a variety of green energy solutions that could be appealing to future users.  
 
On the other hand, incorporation of the LEEDs rating system also presents a number of caveats. 
Some architects believe that the City sets standards that are too low. They feel that Boston 
should have been more ambitious in achieving carbon-neutral goals (Beauregard, 2014). In fact, 
it is possible to reach the LEEDs standards within a building proposal without ever achieving 
any of the LEEDs energy points. Builders therefore eventually find even under the best of efforts 
and intentions, they fail to achieve LEED certification, due to the lack of a vigilance system and 
implementation of measurable outcomes that should be imposed by the City. There is worry that 
the LEED system is being applied unevenly and builders have inconsistent experiences with the 
City over the implementation of green building policies. Moreover, several have complained 
about general disorganization and poor record-keeping practices of LEEDs documentation by 
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city officials (Beauregard, 2014). The cumulative result is that builders are generally dissatisfied 
with the LEEDs system due to perceived low standards set by the City and the lack of available 
enforcement mechanisms to ensure that the certification process is maintained from initial design 
to a building’s completion. 
 
Recommendations  
While the LEED rating system has provided guidelines to address sustainability issues for the 
City of Boston, the current regulatory mechanism is not stringent enough. In the dataset we were 
provided, only one project was Platinum certified, with 83 points out of a total of 110. This 
suggests that there is potential for improvement while working within an already established 
framework. To this end, we propose additional credits and expansions within the established 
LEED framework (see Appendix). These credits will take the form of additional local credits and 
can be implemented via the creation of additional LEED classification levels (LEED Boston, 
LEED Boston - NetZero) specific to the City of Boston’s GHG emissions reduction goals aimed 
at achieving better coupling between temporal aspects of building energy use and grid 
operations.  
 
Additional Compliance Mechanisms  
We propose mandatory reporting throughout the LEED certification process in an accessible data 
format, as well as mandatory reporting of building energy meter data. Analysis of these data 
could be easily automated and making the data publicly available will facilitate collaborations 
for further exploration.  
 
The city must address the lack of measurable outcomes, poor documentation patterns and 
inconsistencies that lead to certification failure and impede monitoring. The new framework 
could include requesting a financial deposit from builders that could be returned once 
certification has been achieved. New staff members should be hired to follow up on the 
certification process and ensure that new buildings continue to comply with LEEDs standards in 
the long term after completion. New evaluation measures, verification mechanisms, and record-
keeping strategies must be set in place and will require another level of commitment and 
involvement from the City. These strategies can work in concert with other incentivizing 
strategies to ensure that green building is indeed taking place and is leading Boston to the goal of 
carbon neutrality. 
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APPENDIX 
Additional Credits 
Twenty (20) total additional points are added to supplement the existing LEEDv4 earth and 
atmospheric (EA) credits defined as follows: 
 
I.1) EA Credit: Demand Response 
1 - 4 points 
Case 1: Demand Response Program Available (2 - 4 points) 
● Require annual proof of renewal for 10 years from the date of commissioning. 
● Retain all requirements from original LEEDv4 credit and expand in the following way. 

  

Percentage of Estimated 
Peak Electricity Demand 

Points 

10% 2 

20% 3 

30% 4 

 
I.2 ) EA Credit: Energy Storage 
1 - 5 points 
Increase incentive to install behind the meter storage in order to mitigate peak energy demand, 
electricity network congestion, and high electricity prices.  
Requirements: 
● Calculation of maximum energy required to completely flatten peak energy demand as 

defined by NREL: 
● Points are calculated based upon energy storage technology sized to meet  the following 

fraction of this maximum energy: 
  

Percent of E_max Points 

2% 1 

3% 2 

5% 3 

7% 4 

10% 5 

 
I.3) EA Credit: Co-optimized resources 
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1 - 13 points 
Encourage buildings to develop a suite of technologies which not only aid utilities in monitoring 
their consumption, but provides flexible and predictable operation. 
Requirements: 
● Additional points are awarded if points from the following categories are awarded: i) 

Advanced Energy Metering, ii) Demand response, iii) Renewable energy production, and 
iv) Energy storage. 

● The compounding factors are calculated as follows: 
 

 
  

Number of co-
optimized resources 

Points 

2 0.25*(Sum of points already awarded to each 
co-optimized resource) 

3 0.5*(Sum of points already awarded to each 
co-optimized resource) 

4 Sum of points already awarded to each co-
optimized resource 

 
●  In the event of partial points, the number of points is rounded to the nearest full point. 

 
II) Local Certifications 
II.1) LEED Boston 
A new classification to be added to Article 37 required for all new construction submitting initial 
design proposals after January 1, 2019. Classification is achieved by obtaining 10 - 20 points 
calculated only from existing LEEDv4 EA credits, new EA credits proposed in the previous 
section, and local points from Article 37 - 57 total points now exist within this category. 
Required level of compliance will be determined via one of the following metrics: 
● The severity of congestion on the feeder to which the building is connected, 
● EUI and GHG intensity of immediately surrounding buildings, 
● Possible designation of City of Boston historical site. 
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II.2) LEED Boston -- NetZero 
A new classification to be added to Article 37 to be awarded on a voluntary basis applicable to 
all new construction projects submitting initial design proposals after January 1, 2019. 
Classification is obtained by obtaining at least 35 points calculated only from existing LEEDv4 
EA credits, new EA credits proposed in the previous section, and local points from Article 37. 
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Problem Statement: 
In October 2017, the ‘Boston Zoning Code Article 37, Green Buildings’ was passed. In 

addition to forming the Interagency Green Building Committee, Article 37 requires that all new 
buildings over 50,000 ft2 must be certifiable by the appropriate Leadership in Energy and 
Environmental Design (LEED) Certification. In November of 2017, Mayor Marty Walsh launched 
Carbon Free Boston, which is an initiative targeted towards Boston’s goal of Carbon Neutrality 
by 2050. While the initiative addresses several industries, we are specifically targeting energy 
efficient buildings, because buildings contribute to almost 75% of urban carbon emissions. 

The objective of this policy memo is to analyze the impacts of the existing Green 
Building strategies and provide policy recommendations to the City of Boston’s Interagency 
Green Building Committee to help facilitate the achievement of carbon neutrality by 2050. 
 
Current Policy: 

The US Green Building Council’s LEED Certification defines criteria in the form of a 
performance credit system, under which buildings will be inspected and accredited points for 
certain attributes. If a building surpasses a certain threshold of points, it is deemed ‘certifiable.’ 
While there are several characteristics that are required, the LEED applicant has a lot of 
flexibility on which criteria to focus on, and which credits to earn in the certification process.  
 
Data: 

The LEED Checklists from 280 distinct buildings were collected and analyzed. Each 
LEED Checklist includes broader topic areas, specific credit names, the potential credits for 
each category, and the actual points distributed. Various types of buildings were included in this 
data set: schools, commercial buildings, offices, and a few homes, and we analyzed the 
buildings at different stages of development. While there was some incomplete data, and there 
were several errors in the data, we used an average of all the buildings to accommodate them.  
 
Methodology: 

Analysis of the data focused on the attainment rates, defined as positive credits divided 
by the possible credits, for the various LEED credits parameters. The following patterns were 
analyzed: 

1. The average rate of attainment for each of the header categories, which could help us 
identify categories that have lower rates of attainment and hence require more focus in 
future policy-making. 

2. Trend of credit attainment over time: This was undertaken to provide a variety of 
potentially useful insights for informing policy. Using trend analysis, a number of 
questions could be addressed. For instance, which credits categories had consistently 
low attainment over time? Are there any credit categories which have sudden changes in 
trends possibly due to other social factors affecting people behavior? 

3. Evaluation of often sought but rarely achieved LEED credits: This potentially provides 
insights for further analyses on those credits that can be further targeted by policy since 
demand for them is relatively high. 
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4. Identification of rarely sought LEED credits: The key question to be asked on 
identification of rarely sought credits is “why are they rarely sought?”. 

5. Other additional insights on credit soughts and attainment.  
 
Considering the relative sparsity of the data on homes buildings, the data from the two types of 
buildings provided were aggregated and the attainments were computed for every LEED credit.  4

 
Results: 

Upon analyzing the average attainment rates across all header categories, we found that 
the categories with the lowest attainment rates were Energy and Atmosphere (EA), Materials 
and Resources (MR), and Water Efficiency (WE). The category with the highest rate of 
attainment was Location and Transportation, with a rate of over 70%. Figure I provides a 
breakdown of the attainment averages of each category. 

We do not see any significant changes or evolutions in the attainment rate over time (as 
shown in Figure II) except for Location and Transportation, which started with a few cases of 
low attainment and experienced an increase in attainment in the majority of the cases that 
happened in later years. The number of cases recorded dramatically increased after 2009 when 
the LEED standards were updated, but that did not affect the distribution of attainment rates 
among different categories. 

 
Figure I: Comparison of average attainment rates of different LEED categories. Energy and Atmosphere had the 
lowest attainment, with less than 30%. 
 

Since Energy and Atmosphere had the lowest rate of attainment, we decided to further 
analyze each field within the EA category. We graphed the average attainment rates for those 
fields and found that they were low to nonexistent for many fields, as displayed in Figure III. 
Many of these fields, such as efficient hot water systems and HVAC start-up credentialing, were 
limited to houses and did not apply to commercial/office buildings in the LEED criteria despite 
their significant contributions to energy consumption and carbon emissions. 

4 For simplicity and consistency, “rarely” - as used for achievement and sought - was chosen to 
be <10% attainment rate. “Often” - in the context of often sought credits - was chosen to be 
>80%. 
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Figure II: Change of attainment rates of different LEED categories over time. No significant changes occurred for categories. 
Location and Transportation experienced high attainment in subsequent cases despite a few initial low rates. 
 

 
Figure III: Average attainment rates for fields within Energy & Atmosphere. Many fields had low/nonexistent 
attainment, and many fields that are important to energy/emissions-reduction were only limited to homes and not 
evaluated in commercial/office buildings. 
 
Analysis: 

While there is a lot of variation in the categories that are targeted by buildings, we realize 
that some LEED credit areas provide huge carbon neutrality opportunities for the City of Boston. 
We prioritized rarely-sought credits that could inform policy, based on the following criteria: 

1. Capacity for Emissions Savings: Emissions savings allow us to quantify the benefit of 
any policies which incentivize an area of LEED credit.  
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2. Maturity or Ease of Accessibility of Technology governing the Credit Area: Having credit 
areas to be incentivized by policy involving easily accessible/cheap technologies means 
the implementation burden or cost barrier on building owners are avoided. An ideal 
policy to achieve our goals is expected to be easily implementable, without infringing on 
the Building Code of the Commonwealth of Massachusetts. 

Considering the above criteria, we conducted a cost-benefit analysis of the LEED key areas that 
we believe have the most potential for carbon emissions-reduction but are rarely sought after by 
buildings. Using prices and energy-use data from various sources, we estimated the one-time 
costs of installation for each of these key areas and the energy savings that would result. We 
converted these energy savings into pounds of Carbon abatement, and to the Social Cost of 
Carbon(SCC) for each process. Several assumptions were made regarding the building size, 
average annual load, and we used a natural gas conversion factor to convert electricity to CO2. 

Process 
Current 
Credits 

SCC of 
process  ($) 5

Benefit/Cost 
Ratio 

Recommended 
Credits 

Renewable Energy 3 X X 15 

Building Orientation for Passive 
Solar 3 362232000000 362232000000 15 

Air Infiltration 2 383865300000 191932650 14 

Heating & Cooling Distribution 
Systems 3 339994980000 45194068.86 14 

Envelope Insulation 2 
178198020000

0 16199820 13 

HVAC Start-Up Credentialing 1 424993.725 424993.725 12 

Advanced Utility Tracking 2 86636400 28878.8 9 

Active Solar Ready Design 1 1099905.6 692.1998741 7 

Space Heating & Cooling 
Equipment 4 9040320 563.5522985 7 

Balancing of Heating and Cooling 
Distribution Systems 3 9040320 563.5522985 7 

Efficient Domestic Hot Water 
Equipment 3 164782.02 170.2293595 6 

Windows 3 2260080 118.9515789 6 

Efficient Hot Water Distribution 
System 3 121433.4204 100.5243546 6 

High Efficiency Appliances 2 82869.6 44.55354839 5 

 
Table 1: Cost-benefit analysis of LEED criteria that are motivated towards lower carbon emissions  

 

5 The SCC was calculated with a conversion rate of USD $43 / tonne of CO2, as defined by the IPCC 
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Policy Recommendations:  
We provide short-term and long-term solutions, as described below. 
Short Term: In the short term, we would like to direct new buildings towards low-carbon 
processes by the means of incentives. After assessing what policy mechanisms we could use to 
incentive behavior that would decrease carbon emissions, we decided upon increasing the 
amount of credits associated with specific energy efficiency processes. The Interagency Green 
Building Committee has defined “Boston Green Building Credits,” which will allow potential 
projects to be granted more points for processes that will reduce carbon emissions. We would 
recommend that the IGBC would include an additional category for low-Carbon, which would 
grant points according to the cost-benefit analysis we performed, with specific values in Table 1. 
One of the best characteristics of this policy mechanism is that there is a lot of flexibility to 
define additional energy efficient processes, create different credit systems for various types of 
buildings, and could allow the buildings to choose several options out of a longer list.  
 
Long Term: In the long term, we believe that the current policy and short term 
recommendations above may not be sufficient to achieve full carbon neutrality targets. This is 
particularly due to constraints by the Commonwealth of Massachusetts Building Code, which 
cannot be preempted by the Green Building Code of the City of Boston. However, we believe 
that ambitious forward-thinking policies must be taken to achieve the objective of carbon 
neutrality while complying with the legislation of the Commonwealth. Given these, we 
recommend: 

1. That the City of Boston explore the option of petitioning to have separate building code 
from the state. According to Massachusetts Law, this can be achieved by a Home Rule 
Petition. 

2. Upon obtaining such petition as described in (I), there should be new mandatory higher 
standards for energy efficiency and clean energy integration for buildings in the City. 
These standards should mandate the construction and maintenance of buildings using 
more stringent green energy requirements than those existing in the current Building 
Code for the Commonwealth. Before the promulgation of such standards, further 
cost-benefit analyses should be done to estimate the potential policy impact. 

 
Conclusion 

In conclusion, we have analyzed building LEED certification data to generate a number 
of actionable insights. Using these and further cost-benefit analyses, we provided short term 
recommendations of incentivizing fifteen potential opportunities to increase the energy efficiency 
in new buildings. Finally, we also find that significant policy effort is required to achieve the City 
of Boston’s long-term carbon neutrality goals. To this end, we provided that the City of Boston 
look into a Home Rule petition for long term compliance. 
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Policy Brief – April 2018 
Green Monstahs    
Bhavana Maradani, Gerard Otalora, Omkar Bhandakkar and Rachel Kurchin 

 
FROM BEANTOWN TO GREENTOWN: BOSTON’S GREEN 
BUILDINGS POLICY 
An Evaluation of LEED Compliance Data in Boston’s Green Buildings 
  
Executive Summary 
  
This paper presents an evaluation analysis of the impact of Boston’s Green Buildings Policy in new proposed projects                  
within the past decade using LEED compliance data. We present trends in credit attainment over time, analyze credits                  
most frequently and rarely attained overall, and examine which credits are frequently planned for and not achieved and                  
vice versa. Finally, we examine the LEED compliance data cross-referenced with data from the Building Energy                
Reporting and Disclosure Ordinance (BERDO), finding no correlation between LEED attainment in categories such as               
water efficiency and energy/atmosphere and BERDO metrics such as water intensity and GHG intensity or energy                
intensity. In light of this, we recommend a change in focus towards energy efficiency metrics as a cost-effective policy                   
measure more in line with the City’s target of carbon neutrality by the year 2050. 
 
 Article 37: Green Buildings Policy 
  
As energy use in building account for 75 percent of the total greenhouse carbon emissions (GHG) in the City of Boston,                     
the concept of ‘green buildings’ has continued receiving attention from environmentalists, architects, designers, and public               
officials. In November 2007, Article 37 was inserted into the Zoning Code with the goal of ensuring that major building                    
projects will minimize adverse environmental impacts and promote sustainable development. This government initiative             
requires proposed projects to achieve at minimum the ‘certifiable level’ in the U.S. Green Building Council’s Leadership                 
in Environmental and Energy Design (LEED) rating system in order to be issued any building or use permit.  
  
The City’s 2017 Climate Action Plan Update plans to produce fewer emissions over the next decades and meet its goal of                     
carbon neutrality by 2050. In such plan, green buildings are key in lowering carbon emissions and energy costs.                  
Moreover, the construction of green buildings delinks economic activity and GHG emissions as these buildings lower                
energy costs, result in significant energy savings, provide energy security, and create new jobs in the construction field                  
(3.3 million U.S. jobs by 2018). 
  
This paper evaluates the impact that Article 37 has had since its adoption in the City of Boston using LEED compliance                     
data, discusses the policy’s trends and its limitations, and advocates for changes in the policy design to the Boston                   
Interagency Green Building Committee. 
  
Policy Impact and Trends 
 
Analytical Approach 
For each individual LEED criterion that appeared in the dataset, the total number of points achieved and possible were                   
summed over all buildings (with duplicates removed). From this, we calculated an achievement fraction (i.e. how many of                  
the total possible points in that category were achieved in aggregate by all buildings that reported that criterion.) To                   
account for the fact that different criteria occur different numbers of times, this achievement fraction was weighted by the                   

1 
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frequency of occurrence of the criterion in question. These weighted achievement fractions were also averaged across                
each of the seven categories of criteria in the dataset. The plots in the following sections make use of this “weighted                     
achievement fraction” metric. 
 
 Figure 1: 

 
Figure 2: 

 
 
Trends in LEED credit attainment (2007-2018) 
 Since the adoption of Article 37, the trend in green buildings’ compliance with LEED’s categories has been mostly steady 
at different levels. As Figure 1 shows, after 2014 the compliance among all credit categories has remained steady with the 
only exception of Sustainable Sites, which fluctuates yearly. 
 
Frequently achieved and rarely sought LEED credits 
The copy of the LEED scorecard in Figure 2 below shows highlighted in green (red) those categories that are most (least) 
frequently achieved in the dataset. It is likely that these frequencies correlate with cost of compliance of the different 

2 
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categories, whether it be via purchase of materials/equipment or logistical costs. In fact, while recent reports detailing 
compliance cost on a per-credit basis are largely paywalled, there is generally a correlation with more compliance in a 
given category and reported lower costs of compliance in that category, for example, the “Sustainable Sites” criteria. In 
addition, it has been reported that there is “no correlation” between cost of compliance and point value of credits. This is 
not necessarily a negative thing, however, as many sustainable practices, in particular those related to energy efficiency, 
have long-term negative costs and are still not adopted due to short-term logistical hurdles, so incentivizing adoption of 
these behaviors is still recommended. 
 
Initial project proposal and post-construction stage LEED credits comparison 
  
Within the 125 buildings, there are 10 duplicated cases where we can observe the LEED credits projected during the                   
initial-phase of the project and the credits achieved on the post-construction stage. For all those categories which exhibited                  
a deficit between credits achieved and credits planned for, these deficits (aggregated over all 10 cases) are shown in the                    
figure below. 
 

 
 
Interestingly, there were also categories in which projects tended to outperform their plans. These are shown below. 
 

 
  
Analysis of LEED compliance data cross-references to the BERDO 2015/2016 datasets 
There were 11 buldings identified in the LEED dataset that also exist in the BERDO database. Compliance within relevant                   
categories was analyzed against BERDO intensity metrics, with the results shown below. 

3 
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Interestingly, there is virtually no correlation in any of these cases. 
 
Policy Recommendations 
 
Based on the empirical analysis of green buildings’ compliance with LEED standards as well as analysis of BERDO data,                   
we would like to advocate a change to the City’s green building policy to bring it better in line with the goal of                       
aggressively reducing carbon emissions towards the 2050 target. Because much of the LEED infrastructure incentivizes               
changes that do not reduce GHG emissions, and further that we found no correlation between LEED attainment in                  
GHG-relevant categories with BERDO energy and emissions intensity metrics, a new system should be designed around                
incentivizing sustainable, energy-efficient buildings. 
 
One common objective in this space is zero-energy buildings (i.e. net zero buildings), wherein the total energy consumed                  
by a building is equal to the renewable energy consumed onsite. While this is admirable and philosophically elegant, it                   
may not be the most cost-effective route to the City’s carbon emissions goals. Zero-carbon energy sources, foremost                 
among them wind and PV, are significantly cheaper when installed at the industrial scale. These larger-scale power                 
sources are better incentivized at the state level and efforts are underway in the Massachusetts legislature to make the                   
Commonwealth’s clean energy goals more ambitious - e.g. bills S.1849, H.3395 in current session. 
 
At the city level, the strongest lever towards carbon neutrality is then energy efficiency in buildings, to reduce the amount                    
of clean energy production that needs to happen. Frameworks focused on energy efficiency are already in existence, such                  
as Energy Star, and directing City-level incentives towards favorable Energy star ratings rather than LEED certifiability                
would likely be more effective in reducing GHG emissions. Other specific related policies one might enact could include: 
 
1. Energy market reforms: To improve access to the network for green buildings. 

● Establish a mechanism to identify and pass on to distributed generators the fair value of distributed electricity                 
exported to the electricity grid.  

● Ensure that electricity tariff structures provide an appropriate incentive for distributed energy and energy              
efficiency, including through the current shift to ‘cost-reflective pricing’. 

4 
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● Establish an independent industry official or other independent authority to investigate and recommend solutions              
to address energy market barriers. 

 
2. Energy performance contracting: Innovative financing technique such as public-private partnerships that uses cost              
savings from reduced energy consumption to repay the cost of installing energy conservation measures (e.g. installation of                 
solar panels). Contractors can be hired to do necessary energy audits and retrofit and to guarantee the energy savings from                    
a selected series of conservation measures. 
 
3. Environmental data and information strategy: develop a local data repository, environmental energy efficiency and               
emissions education and training agenda. Many schools and colleges in Boston can host a educational session for                 
environmental energy efficiency and emissions and training sessions for university students. 

● Expand mandatory disclosure to smaller offices and investigate the possibility of requiring disclosure for other               
building types. 

● Improve access to energy consumption data. 
● Implement mandatory disclosure of energy performance for residential buildings, beginning with pilots in one or               

more jurisdictions. 
 
Conclusions 
The policy for the development of high-performance green buildings that promote sustainable communities in Boston has                
not been very efficient. The buildings analyzed in the LEED compliance datasheet have not correlated with                
energy-efficient buildings in the BERDO data. The knowledge, technology and skill are already available to achieve green                 
buildings, but there are not being implemented properly to improve energy efficiency in the building industry. In order to                   
have a comprehensive policy for environmental, inclusive, and cost-effective new constructions we advocate for the use of                 
a new framework focused on energy efficiency as well as some policy changes that focus on reforming the energy market,                    
designing new energy performance contracts, and creating an environmental data and information strategy.  
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CHALLENGE STATEMENT

Future of Work
Design a New Social Contract for Gig Workers
In recent years, the number of hours worked through online labor markets such as Uber, TaskRabbit, Amazon 
Mechanical Turk and Upwork has increased exponentially and the number of people earning part or all of their 
income through online labor markets is rising fast (Chen et al. 2017). In the U.S. alone about 600,000 workers 
work through online labor market platforms, or about 0.5% of the labor force (Hall and Krueger 2016, Katz and 
Krueger 2016), and the transaction volume of online labor markets continues to grow significantly (Kokkodis 
and Ipeirotis, 2015). Consistent with this, annual earnings of online workers are expected to grow from $1 billion 
in 2012 to $10 billion by 2020 (Agrawal et al. 2013). 

This development is part of a wider increase in, what Katz and Krueger (2016) coin ‘alternative work arrange-
ments’, which encompass temp and contract workers, independent contractors, and freelancers. They find a 56% 
increase in flexible jobs as workers’ primary job in the past decade, with roughly 16% of U.S. workers doing inde-
pendent work as primary job in 2015. This share increases to 30% when including workers involved in indepen-
dent or flexible work as primary or secondary job (Oyer, 2016).

These alternative work arrangements, and especially the “gig economy,” defined by Cook et al. (2018) as “a col-
lection of labor markets that divide work into small pieces and then offer those pieces of work to independent 
workers in real-time with low barriers to entry,” may offer a number of advantages to workers. It may enable 
them to organize their work in a way that better meets their preferences regarding e.g. flexibility, tide themselves 
over between jobs or piece together a sufficient income from a collection of (temporary) jobs, or potentially 
receive higher pay (Oyer 2016, Hall and Krueger 2016, Katz and Krueger 2016). Given the recent decrease in real 
wages for low-skilled workers (Autor, 2015), the latter function may be particularly important for blue-collar 
workers, if full-time employment is unavailable. 

However, a shift towards temporary or one-off jobs through online labor markets or traditional staffing agencies 
also shifts risk onto workers, stemming from unclear employment status and lack of social protection, an un-
certain or insufficient supply of work and income, lack of task autonomy and career prospects, and low wages or 
non-payment (Forde et al. 2017, De Stefano 2016, Oyer 2016). This is especially detrimental for low-skilled and 
low-income workers who likely have little buffer to fall back on and little leverage in the labor market. 

The Challenge

• How much risk do gig workers face? Is this different for different groups or workers?
• What role can labor market platforms play in providing (more) value to gig workers?
• (How) could unionization help mitigate risks for gig workers? 

What about other forms of social mobilization and organization?
• What legal provisions would help provide more security for gig workers? How would you motivate all the 

parties involved in online labor market platforms to comply with such provisions?

NOTE FROM THE ORGANIZERS
The challenge sponsors have requested that we only share the participants’ policy papers 

in abstract format at this time.
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Shared Responsibility: 
Social Forces in Response to Market Failures

Today, the labor market is increasingly systematically biased against workers relative to employers. As the la-
bor force participation rate has gradually declined over time, more and more people are looking for supple-
mental part-time work -- often through peer-to-peer platforms like Uber or TaskRabbit or business-employ-
ee matching platforms like Wonolo or LinkedIn. The rise of the “gig economy” is a symptom of increasingly 
widespread changes in the labor market. One study found that 30% of workers are involved in independent 
or flexible work. Meanwhile, such work is increasingly important to individual workers: a 2015 ILO survey1 
of two leading micro-task platforms revealed that nearly 40 percent of workers crowd-worked as their main 
source of income. At the same time, 39 percent of this new independent workforce name “unpredictable in-
come” as their main source of concern with their current professional situation.2 Compounding their worry 
is the fact that very few of these workers receive a full benefits package.

Indeed, there is ample evidence that the traditional social contract has begun to fray. Today, workers are in-
creasingly mobile across firms, and pensions have declined as health insurance costs continue to rise. Com-
pensation, benefits, corporate investment in human capital, and even personal networks (social capital) have 
become bifurcated. While the upper echelon of employees reaps unprecedented benefits, the bottom tier 
(where gig economy workers largely reside) often see relative declines, as well as significant increases in their 
risk exposure. To be sure, there are some clear benefits to these new labor markets. For example, increases 
in flexibility, the ability to supplement income, and the ability to gain exposure to multiple industries are all 
largely positive for workers. Yet on balance, policy makers and data analysts alike need to rethink a social 
contract that has largely existed since World War II.

We are proposing an ambitious new social contract -- and a path to get us there. Bolstered by the significant 
data set provided to us by Wonolo, in this policy brief we highlight two revolutionary ideas. First, we want to 
spur adoption of the social contract. Due to space and time limitations, we are focusing on what this might 
look like specifically for employee benefits. Second, we explain how we can use transparency as an instru-
ment to raise awareness and build demand for companies living up to our social contract. This approach to 
benefits is applicable to other areas as well. Below, we go into more depth on each of these areas.
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Designing A Social Contract for the Gig Economy
Gig economy platforms offer flexibility to both employers and workers. However, evidence indicates that 
while employers benefit in the short term from the easy labor through such a systems, most workers struggle 
to guarantee a stable income for themselves. A safety net policy is therefore required for gig workers, and we 
recommend a Portable Benefits approach attached with workers’ Individual Security Account. We examine 
the feasibility of this approach in terms of potential public as well as private policy recommendation and 
provide concrete suggestions to implement it.

By challenging the notions of permanent jobs and employer-worker relationships, the “gig economy” has 
transformed society’s labor dynamics. Today, several platforms (such as Amazon Mechanical Turk, and 
Upwork) try to provide new channels for job opportunities by acting as bridges between job providers and 
seekers. Wonolo is one such platform: created in 2013, the company connects businesses to local blue collar 
workers.

These platforms can provide undeniable opportunities: increased flexibility in terms of workplace/work 
hours, an opportunity to pursue diverse part-time jobs, and access to the labor market for people who may 
otherwise be excluded from it1. However, the gig economy poses several challenges – workers often face 
uncertainty in income, and typically do not enjoy benefits given to regular-full time workers. A recent study 
reports that gig economy workers experience significantly higher rates of economic anxiety than regular 
full-time workers2.

We present analyses supporting the need for safety nets for workers in the gig economy using data from 
Wonolo, a platform that connects workers to potential employers and analyse policy recommendations. 
Particularly, we examine the feasibility of “portable benefits” as a potential public as well as private policy 
recommendation and provide concrete suggestions to implement it.

1 “The Rise and Nature of Alternative Work Arrangements in the United ....”  http://www.nber.org/papers/w22667 . Accessed 8 Apr. 2018.
2 “What makes gig economy workers anxious? - Marketplace.” 8 Mar. 2018, https://www.marketplace.org/2018/03/08/economy/anxiety-in-
dex/gig-workers-and-economically-anxious-lifestyle . Accessed 8 Apr. 2018.
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We Can Gig It: Envisioning Platform-Mediated, Commoditized, 
and Differentiated Social Safety Nets for Workers in the 
Gig Economy
We propose a classification of social safety net components for gig workers following Oyer’s classification 
of independent workers with implications for policy making. According to our proposal, a platform may 
provide social safety net offerings to workers through commoditized or differentiated matching within and 
without the scope of a legal mandate. We analyze data from Wonolo, an online differentiated matching plat-
form. Wonolo has implemented an Occupational Accident Insurance (OAI) mandate. 

We argue that this insurance meets the World Bank’s criteria for social safety net offerings. We then extend 
Oyer’s framework for independent work to argue that Wonolo, which itself follows a differentiated matching 
model, is deploying commodified matching to provide a social safety net component to its workers. We find 
that other platforms that rely on commodified matching tend to rely on differentiated matching in offering 
social safety net components to their workers. We articulate policy-based approaches to increasing social 
safety net offerings for gig workers provided by both commodified and differentiated matching online plat-
forms that facilitate their employment.
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Supporting and Developing a Growing Workforce in the Gig 
Economy
Flexible jobs as a primary source of income for independent workers have increased by 56% over the past 
decade1, and today over 30% of independent workers are involved in flexible work as primary or secondary 
job2. One of the drivers behind this increase is the proliferation of online platforms that have enabled more 
efficient, real-time matching of small, low skill jobs and independent workers. As this “gig economy” has de-
veloped, it has created job opportunities for people who might not otherwise be able to work, such as those 
bound to stay at home, as well as provided supplemental income for individuals already in employment. 

However, because of their intrinsically contingent and casual nature, many of these jobs do not provide any 
employment protection measures or pathways for career advancement. In this paper, we argue that policy-
makers should play a role in regulating the “gig economy”, so that its growth does not come at the expense of 
security, education, and skill development of workers.

We emphasize two of the most prominent challenges that some of the most vulnerable independent worker are 
facing: income insecurity and lack of training opportunities. To provide a safety net for workers who suffer from 
significant income fluctuations, we propose that the gig economy platforms provide workers who work more 
than 40 hours a week with a monthly stipend to ensure their income security against fluctuations in job demand 
or unexpected events. To empower the gig economy workers with more training and educational opportunities, 
we propose the creation and use of a more transparent employment tracking system to facilitate the provisions of 
services to independent workers. Additionally, we also propose that gig economy platforms provide more train-
ing resources for its workers to expand and elevate the skill sets of the workers on the platform.

1 Katz, Lawrence F., and Krueger, Alan B. (2016). “The rise and nature of alternative work arrangements in the United States, 1995-2015.” 
National Bureau of Economic Research Working Paper No. w22667.
2 Oyer, Paul. (2016). “The Independent Workforce in America: The Economics of an Increasingly Flexible Labor Market.” Upwork White 
Paper
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Health
CHALLENGE STATEMENT

Reducing or Eliminating Diaper Need
Diaper need, or the lack of a sufficient supply of diapers to keep a baby or toddler clean, dry, and healthy, is an 
under-recognized problem that can have a significant impact on the physical, mental, and economic well-being 
of U.S. children and families. The results of a nationally representative survey showed that more than one-in-
three, or 36%, of surveyed families experience diaper need, a finding that was reported by respondents across 
a wide range of ages, racial groups and income levels. 1 In fact, while twenty-five (25%) of families reporting 
diaper need earned less than $25,000, eighteen percent (18%) of these families reported annual incomes between 
$50,000-$74,999.1 

A growing body of research suggests that diaper need can have a far-reaching impact on health and economic 
outcomes among families who experience it. For example, in the first published study on diaper need, which 
used data from a sample of low-income parenting women in New Haven, CT, MOMS Partnership researchers 
found that diaper need was significantly associated with maternal stress and depression.2 The results of multiple 
studies have shown that maternal depression can have a significant impact on child development and mediates 
the relationship between poverty and child outcomes.2 Smith et al.(2013) also found that almost 8% of women 
who reported diaper need also reported engaging in the practice of “stretching”, or putting off changing a child’s 
diapers when their supply is running short. “Stretching” is associated with the development of diaper rash and 
urinary tract infections (UTIs), both of which are responsible for numerous pediatric office and emergency de-
partment visits per year 2 and the latter of which can become a chronic health problem.3

The impact of diaper need also has policy implications. For example, while many families struggle to afford an 
adequate supply of diapers for their children, government programs like WIC, SNAP, and TANF, either do not 
cover the cost of diapers, or as in the latter case, can be used to purchase diapers and other key staples for new-
borns, but the level of assistance that most families receive is often not enough to cover the cost of diapers and 
other basic needs. 

Another key issue, and the issue that informs the focus of this proposal, involves policies related to child care. 
For example, many childcare settings require parents or guardians to provide a two-week supply of diapers in 
order to obtain care for their child. If the parent or guardian is unable to provide an advanced supply of diapers 
to the childcare facility, they will not be able to drop off their child, which in turn, may cause them to miss work 
or school. This may be particularly problematic for families receiving Temporary Assistance for Needy Families 
(TANF) because it can impact their ability to meet the TANF work requirements. Thus, policy efforts to reduce 
or eliminate diaper need have the potential to improve health and economic well-being among these families. 

The Challenge

• Are there alternative policy approaches to providing child care that can help reduce or eliminate diaper need?
• Is there a cost-effective way to embed the provision of diapers into our childcare system? 
• Is there a way to provide diapers through programs that are designed to help with child care?
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Abstract 

Childcare facilities enable parents to pursue education and employment, yet only 25% of 
US families currently utilize these facilities. A significant barrier to childcare usage is 
diaper need, with 56% of families reporting monthly missed work due to insufficient 
affordable diaper supplies preventing them from using childcare services. To mitigate 
this shortage of financially accessible diapers in Connecticut and expand the number of 
families using childcare services, we propose making diapers available at wholesale 
prices at childcare centers, which could result in up to a four-fold reduction in costs for 
parents. Our Connecticut-focused proposal encourages buy-in from parents, childcare 
services, and diaper manufacturers alike, taking into account the incentives of all 
relevant stakeholders. It makes the childcare system more efficient, reduces parents’ 
missed work days, and enables job procurement for unemployed parents. 

Background 

Diaper need is defined as the lack of a sufficient supply of diapers to keep a baby or 
toddler clean, dry, and healthy, and affects a broad range of socioeconomic groups in a 
variety of ways. Overuse of soiled diapers can result in diaper rash and urinary tract 
infections, resulting in increased hospital visits and missed work for the parents. Diaper 
need can also be a barrier to childcare utilization. Many childcare facilities require 
families to provide two weeks worth of diapers in advance of a child’s stay, and parents’ 
inability to meet this requirement may result in missed work days, increased expenses, 
or lack of childcare [1]. 
 
Diaper need stems from a host of accessibility issues such as cost, time constraints, and 
proximity to and awareness of opportunities to procure diapers affordably: 

1. Those experiencing diaper need, particularly low-income families, often 
overpay for diapers due to lack of access: According to recent federal data [2], 
low-income families geographically lack access to bulk diaper purchases at 
wholesale price, and spend twice as much per diaper as higher income families. 

2. Diaper need inhibits parents’ education and employment opportunities, 
contributing to mental duress and potentially poor childhood conditions: 
Parents miss on average 4.5 days of work per month when diaper need prevents 
them from leaving children at care centers, potentially driving some parents to 
avoid care centers entirely [3]. Consequent higher levels of maternal stress and 
less maternal education can lead to worsened childhood outcomes [3]. 

3. Families often do not take advantage of diaper banks and community 
centers: Due to lack of awareness, many households in need do not take 
advantage of local diaper banks. Most US families (65%) said they weren’t aware 
of diaper banks, and ultimately only 30% of families experiencing diaper need 
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turn to diaper banks [4]. This may be exacerbated by the location and time 
inconveniences in making a trip to the diaper bank. 

4. Diaper banks and community centers often lack the resources to meet 
communities’ demands: Community centers that stock diapers often do not carry 
enough supply to meet the needs of low-income communities, in part because 
they lack the space [2]. Children are also continuously growing, so community 
centers need to stock diapers of various sizes, possibly leading to over-purchasing.  

5. Childcare centers present an opportunity to bring diapers directly to where 
they are needed, but they are not currently equipped to do so: Childcare 
facilities are a key tension point in the experience of diaper need, especially given 
their potential impact on parents’ economic opportunities. Centers handle less 
families than diaper banks, and thus can accommodate stock volume more easily. 

Successful policies targeting diaper need should prioritize these issues of accessibility, 
while accounting for costs associated with supporting organizations, efficient 
distribution, and stakeholders at either end of the sale process. Despite recent 
diaper-focused legislative pushes by senators from several states ([5], [6]), as well as calls 
to action from the Obama administration [2] and the State of California [7], no significant 
legislation has passed at the national or state level. Some private sector initiatives have 
developed [2], but these efforts have not provided sufficient supply given the demand 
(e.g., although Huggies donated 200 million diapers over 2010-2016 [->4], this only 
constituted 0.12% of US diaper usage over the same timeframe [8]). Taking these factors 
into account,  we propose an action plan that partners local business and communities. 
This will satisfy government stakeholders by solving a major social issue without public 
provision expense or tax revenue loss in the long term. 
 
Policy Proposal:  Partnerships between diaper distributors and childcare services 

We propose organizing a partnership between childcare providers and diaper 
wholesale vendors. Diapers can then be sold directly at childcare facilities at a fraction 
of the retail price.  This method (1) allows parents to purchase diapers up to four times 
cheaper than retail price (Table 1), which is particularly enticing for low-income 
households who often are geographically forced to buy diapers in small packages at a 
significant markup in CT; (2) encourages childcare facility use, allowing parents to 
participate in the workforce; (3) requires a minimal awareness campaign by bringing 
affordable diapers to the same location where the need is experienced; and (4) 
encourages industry buy-in, due to the large market available as well as, potentially, 
additional government led financial incentives.  
 
Reduced-cost diaper sales at childcare centers addresses a key driving force of diaper 
need: the geographic gap between families experiencing diaper need and sources of 
affordable diapers. By applying machine learning to relate diaper need statistics from 
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the provided MOMS dataset [10], to available data on proximity to large supermarkets 
[9], we found that increased diaper need is strongly correlated with regions where 
parents lack access to bulk-sale stores (Figure 1A). Parents are forced to purchase diapers 
from smaller drug or convenience stores across CT (Figure 1B), which tend to have 
considerable price markups [9]. Our proposal gives parents an alternative in these 
regions and minimizes awareness and logistical barriers of diaper purchase. 

Implementation Plan 

Our proposed distribution chain--providing diapers to parents in need--is diagrammed in 
Figure 2. Two administrators would be hired at the Connecticut Office of Early 
Childhood, which already oversees licensing child care centers of the state; these 
administrators would invite all licensed centers to participate in the program. This 
would initiate a crucial feedback loop to better understand local care center needs and 
capabilities. Based on this dialogue, the administrators would document the total 
number of participating buyers, the total number of diapers needed, and all relevant 
drop off locations. 

 

 

We estimate a weekly diaper cost of $30 for family childcare houses and $393.75 for child 
day care centers. Assuming all 3700  licensed childcare services in CT participate--which 
comprises 2134 family care facilities and 1449 center-based facilities [11]--the 
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approximate weekly diaper budget is $635,000. This upfront cost to centers will be 
recovered as families purchase diapers, with significant family buy-in due to the fourfold 
reduction from retail prices. Additionally, part of the diaper cost is already incorporated 
in current childcare facility budgets, given their on-site stock available to parents 
without diapers. In fact, because these supplies under this plan would be purchased at 
wholesale prices, operating budgets of childcare facilities will likely be reduced. The total 
program budget will also include salaries for the administrators, $40,000 each (based on 
estimates from Glassdoor.com). We assume shipping prices to be negligible, given typical 
shipping reductions on large orders and the potential for negotiations with the vendor. 
To help fund these and other unexpected costs, we propose to file a grant with the Head 
Start State Supplementary Program, whose awards are typically on the order of 
$100,000-500,000 ([12],[13]). 

With this initial funding in place, childcare facilities in a given region (potentially 
divided by the 5 Department of Social regions of Connecticut) would form a large and 
appealing clientele for wholesale diaper distributors. Once coordinated, these collectives 
would have four methods to facilitate the purchase of diapers: 

1. (soft) The coordinators at the Office of Early Childhood will advertise their 
sizeable markets, opening a bidding opportunity for any manufacturers who may 
be interested. This process will include the forging of a contract with a wholesale 
diaper vendor to coordinate supply and delivery. Depending on how competitive 
the bidding process is, the aforementioned estimated costs may be reduced. 

2. (moderate) In the event of difficulty establishing an interested wholesaler, the 
administrators and childcare center bloc could advocate for tax breaks or other 
financial incentives for participating companies. This government-sponsored 
bidding service could provide the most competitive price for families. 

3. (hard) In the unlikely event of limited childcare service buy-in, participation could 
be mandated at the state or regional level. 

 
Each of these options comes with benefits and tradeoffs. Method One is the least 
susceptible to the inertia seen in previous attempts involving state and federal 
legislation. However, the lack of concrete enforcement may result in minimal buy-in 
from childcare providers or vendors, though appropriate feedback channels and the 
large market-share should mitigate each of these potential issues, respectively. Method 
Two bolsters industry buy-in, but comes with awareness and bureaucratic burdens 
related to advocating for these tax breaks. Finally, Method Three ensures buy-in at both 
ends of the spectrum. However, given the significant pushback seen in this scenario, 
more data and feedback would be required to understand the relevant needs and 
capabilities of communities and businesses in this area. 
 
With a vendor contract established, the administrators at the Connecticut Office of Early 
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Childhood could then coordinate distribution from the vendor. The childcare centers 
would then sell diapers directly to parents at the wholesale price. Even without price 
reductions from a bidding process, we can see substantial up cost reductions up to 
fourfold through existing wholesale opportunities, which amounts to $700 family savings 
per year, assuming the predicted wholesale price as $0.10/diaper. Table 1 compares the 
cost of personal diaper purchases with current bulk purchasing rates available. 
 

Table 1: Lack of Large Supermarkets in Connecticut Leads to Overpaying of Diapers 

RETAILER  PER DIAPER COST (SIZE 2) 
COST DECREASE 
RELATIVE TO SMALL 
STORES  

ANNUAL SAVINGS (DERIVED 
FROM SMITH ET AL) 

Smith et al. 2013 
Estimate 

$0.37   ----------   ---------- 

Walgreens (Small 
Store) 

$0.37   ----------   ---------- 

Target (Large 
Store) 

$0.22  41%  $412 

Amazon 
(Subscription) 

$0.15  59%  $580 

Slick Deals*  
(Web-Based)) 

$0.09-0.10 
(wholesale price est.) 

76%  $720 

*https://slickdeals.net/article/buying-guide/are-you-paying-too-much-for-diapers/ 
**See Figure 1 for justification of this price. 

Conclusion 

Through our qualitative literature analysis on affordable diaper distribution, as well as 
our quantitative machine learning analysis which correlates unaffordably-high diaper 
prices with limited geographic access to large retailers in urban Connecticut, we have 
established a rigorous and feasible proposal to significantly ameliorate the diaper need 
problem in Connecticut. Our proposal bridges the resources of vendors, childcare 
centers, and parents to bring diapers at wholesale prices to families in need precisely 
where that need is experienced. Because our proposal incorporates the interests of 
multiple stakeholders, but also requires little financial burden on the state government, 
we believe this diaper distribution framework can be readily extended to other states in 
the US . 
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APPENDIX I: Dataset and Code Used for Machine Learning 
Dataset used for machine learning algorithm to study correlations between  the percent of 

population in a zipcode lacking access to a large grocery store and the percent of families 

reporting diaper need at the child care center in that area. Zipcode was converted from 

FIPS census tract codes in the dataset in [10] using https://www.policymap.com/maps 

Zipcode (Not 
used for 
analysis) 

Zipcode 
Reassigned 

# Children 
Not Toilet 
Trained 

% Families 
Diaper Need 

% Pop. Lacking 
Access to Large Store 

06239-3022  1  3  0  46.7 

06042-3207  2  2  0  63.1 

06082-2035  3  2  0  91 

06340-4007  4  2  0  72.5 

06515-1629  5  4  50  49.2 

06606-3025  6  4  100  52.2 

06360-4922  7  4  0  50.9 

06108-1226  8  4  0  33.8 

06512-3744  9  4  0  23.2 

06108-2632  10  2  0  33.8 
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06704-4126  11  1  0  58.8 

06042-2955  12  1  0  63.1 

06607-1002  13  3  0  100 

06450-7902  14  33.84  0  28.55 

06606-5434  15  2  50  52.2 

06062-1059  16  3  0  71.7 

06492-2839  17  2  0  42 

06067-2210  18  3  0  100 

06040-6128  19  3  0  100 

06051-2599  20  12  0  45.1 

06052-1936  21  2  0  100 

06492-2662  22  2  0  42 

06118-1701  23  3  100  24.1 

06615-6919  24  3  0  100 

06610-1910  25  2  0  40.1 

06610  26  4  0  40.1 

06515-1140  27  115.2  0  49.2 

06604-4611  28  90  88.888  100 

06108-1598  29  48  0  33.8 

06067-2210  30  2  0  100 

06112-2149  31  24  12.5  51.6 

06052-1707  32  21  0  100 

06516-3552  33  7  85.7  38 

06492-5215  34  1  0  42 

06492-3048  35  25  0  42 
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06082-5930  36  2  0  82.4 

06340-4571  37  10  20  72.5 

06108-2819  38  5  20  33.8 

06902  39  3  0  27 

06492-2562  40  1  0  42 

06902-0001  41  35  0  27 

06516-2234  42  2  100  38 

06108-3432  43  9  0  33.8 

06040-6741  44  NA  NA  100 

06062-1940  45  48.75  0  71.7 
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Complete Code: The complete code used for this project is found below:

1 # −∗− coding : ut f−8 −∗−
2 ”””
3 Created on Sun Mar 25 19 : 21 : 05 2018
4

5 @author : Ankur Biswas
6 ”””
7 #import the l i b r a r i e s r equ i r ed f o r p ro c e s s i ng the data
8 import numpy as np
9 import matp lo t l i b . pyplot as p l t

10 import pandas as pd
11

12 ”””
13 import the datase t − We used data from Connect icut food d e s s e r t s and
14 the da ta s e t s provided f o r the compet i t ion to run t h i s a n a l y s i s
15 ”””
16 datase t = pd . r ead c sv ( ’ HealthCombined . csv ’ )
17

18 X = datase t . i l o c [ : , [ 0 , 1 , 3 ] ] . va lue s
19 Y = datase t . i l o c [ : , 4 ] . va lue s
20

21 ”””
22 Sp l i t i n to t r a i n i n g and t e s t s e t f o r c r o s s v a l i d a t i o n − 66% of the data i s

used
23 to t r a i n the model and 33% i s used f o r c r o s s v a l i d a t i o n
24 ”””
25 from sk l e a rn . c r o s s v a l i d a t i o n import t r a i n t e s t s p l i t
26 Xtrain , Xtest , Ytrain , Ytest = t r a i n t e s t s p l i t (X, Y, t e s t s i z e = 0 .33 ,

random state = 412)
27

28 ”””
29 Preproces s Data by s c a l i n g the va r i ab l e s− we want to make sure that high
30 va lue s in one o f the columns does not b i a s our f i n a l r e s u l t s .
31 ”””
32 from sk l e a rn . p r ep ro c e s s i ng import StandardSca ler
33 sc X = StandardSca ler ( )
34 Xtrain = sc X . f i t t r a n s f o rm ( Xtrain )
35 Xtest = sc X . trans form ( Xtest )
36

37 ”””
38 Fit a Lo g i s t i c Regres s ion model and an SVM on the Train ing Set . These models
39 are robust and g ive r ea sonab l e r e s u l t s f o r t h i s data .
40 ”””
41 from sk l ea rn . l i n ea r mode l import Log i s t i cReg r e s s i on
42 l o g i s t i c = Log i s t i cReg r e s s i on ( random state = 0)
43 l o g i s t i c . f i t ( Xtrain , Ytrain )
44

45 from sk l e a rn . svm import SVC
46 c l a s s i f i e rSVM = SVC( ke rne l = ’ l i n e a r ’ , random state = 1)
47 c l a s s i f i e rSVM . f i t ( Xtrain , Ytrain )
48

49 ”””
50 Perform Cross Va l idat i on on the Test Set . Random s t a t e i s s e t to 1 to check
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r e s u l t s
51 ac ro s s mu l t ip l e t r i a l s .
52 ”””
53 p r e d i c t i o nLo g i s t i c = l o g i s t i c . p r ed i c t ( Xtest )
54 predictionSVM = c la s s i f i e rSVM . p r ed i c t ( Xtest )
55

56 ”””
57 Print out the con fu s i on Matrix to see the r e s u l t s .
58 ”””
59 from sk l e a rn . met r i c s import con fu s i on mat r ix
60 mat r i xLog i s t i c = con fus i on mat r ix ( Ytest , p r e d i c t i o nLo g i s t i c )
61 matrixSVM = con fus i on mat r ix ( Ytest , predictionSVM )
62

63 pr in t ( mat r i xLog i s t i c )
64 pr in t (matrixSVM)
65

66 ”””
67 Print a model r epor t to get d e t a i l s on i t s performance .
68 ”””
69 from sk l e a rn . met r i c s import c l a s s i f i c a t i o n r e p o r t
70 pr in t ( c l a s s i f i c a t i o n r e p o r t ( Ytest , p r e d i c t i o nLo g i s t i c ) )
71 pr in t ( c l a s s i f i c a t i o n r e p o r t ( Ytest , predictionSVM ) )
72

73 ”””
74 Display a p l o t to compare l o g i s t i c r e g r e s s i o n model performance
75 to a ba s e l i n e a lgor i thm .
76 ”””
77 from sk l e a rn . met r i c s import r o c au c s c o r e
78 from sk l e a rn . met r i c s import roc cu rve
79 log i st icROCcurve = ro c au c s c o r e ( Ytest , p r e d i c t i o nLo g i s t i c )
80 fpr , tpr , t h r e sho l d s = roc cu rve ( Ytest , l o g i s t i c . p r ed i c t p roba ( Xtest ) [ : , 1 ] )
81 p l t . f i g u r e ( )
82 p l t . p l o t ( fpr , tpr , l a b e l = ’ L o g i s t i c Regres s ion Performance ’ %

logist icROCcurve )
83 p l t . p l o t ( [ 0 , 1 ] , [ 0 , 1 ] , ’ r−− ’ )
84 p l t . xl im ( [ 0 . 0 , 1 . 0 ] )
85 p l t . yl im ( [ 0 . 0 , 1 . 0 5 ] )
86 p l t . x l ab e l ( ’ Fa l se Po s i t i v e Rate ’ )
87 p l t . y l ab e l ( ’ True Po s i t i v e Rate ’ )
88 p l t . t i t l e ( ’ Co r r e l a t i ng ac c e s s to supermarkets with d iaper need ’ )
89 p l t . l egend ( l o c=” lower r i g h t ” )
90 p l t . s a v e f i g ( ’Log ROC ’ )
91 p l t . show ( )

Listing 1: Complete Code
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DiaperConneCT: Connecting families to diapers in Connecticut (CT) 
Candace Lei, Kelly Necastro, Sandya Subramanian 

 
EXECUTIVE SUMMARY 
 

“Without diapers, babies cannot participate in early childhood education. Without childcare, parents cannot go to work”  
- National Diaper Bank Network 

 
Based on a comprehensive assessment of the problem, we propose a multifaceted approach to reducing diaper need within the 
provision of child care in the United States. This approach systematically addresses the ‘pain points’ of diaper need, connects 
families, child care centers and state government as key stakeholders, and ultimately provides economic and social incentives 
for all parties to participate.  

 
INTRODUCTION 
Diaper need, or the lack of a sufficient supply of diapers to keep a baby or toddler clean, dry, and healthy, is an under-recognized 
problem that can have a significant impact on the physical, mental, and economic well-being of U.S. children and families. The 
results of a nationally representative survey showed that 36% of surveyed families experience diaper need, a finding that was 
reported by respondents across a wide range of ages, racial groups and income levels [1]. Despite the prevalence of diaper need, 
there is a general lack of awareness of the problem among key stakeholders, including care providers. Adequate diaper supply 
should be recognized, along with food and housing, as essential to child and family health [2]. It has been shown that, of all basic 
needs, the cost of diapers causes the most stress to parents [1]. 
 
Diaper need prevails as a policy issue due to little, if any, governmental assistance available to families, with policies guiding the 
provision of child care generally omitting diaper coverage. Most child care centers require parents or guardians to provide an 
advanced supply of diapers to the facility in order to receive care. If diapers are not supplied, the family is turned away; children 
do not receive care and the parent(s) may be forced to stay home from work, compromising their TANF eligibility and overall 
livelihood [1]. Thus, efforts to reduce or eliminate diaper need and improve health and economic outcomes must incorporate 
policy into child care, in ways that are cost-effective and equitable.  
 
PREVIOUS EFFORTS AND EXISTING POLICIES 
SNAP, WIC, TANF 
The only federal dollars that can be used to purchase diapers come from the Temporary Assistance for Needy Families (TANF) 
program; however, nationwide, only 23% of families living below the Federal Poverty Line receive TANF cash assistance [3]. 
Moreover, TANF cash per family is capped and used to cover all other basic expenses (rent, utility, clothing, transportation), 
leaving few dollars to cover diaper need [4]. WIC and SNAP do not cover the cost of diapers and are fiscally constrained.  
 
Center-based programs (state and federal) 
Most child care centers do not cover diaper costs; rather the onus is on parents to provide diapers in advance. For example, 
Care4Kids, a child care program targeting low to moderate income families sponsored by the state of Connecticut, explicitly 
states that ‘supplementary payments for diapers shall not be approved’ [5]. Early Head Start and Head Start center-based 
programs mandate the use of program funds for the provision of diapers to enrolled children; however, a very small proportion 
of eligible children actually get enrolled [4, 6].  
 
DIAPER Act and Hygiene Act 
In 2011, the federal “Diaper Investment and Aid to Promote Economic Recovery Act” (DIAPER Act) sought to fund certain child 
care centers for the provision of diapers to low-income families; however, the legislation did not pass leaving states to apply for 
costly block grants [7]. In 2015, the federal “Hygiene Assistance for Families of Infants and Toddlers Act” (Hygiene Act) sought 
to classify diapers as a medical necessity and fund state-based diaper distribution pilot programs; however, this bill failed to 
pass as well [8].  
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State sales tax 
Most states charge sales tax on baby diapers, highlighting the fact that diapers are not acknowledged as a basic need [9]. 
Seventeen states are trying to pass legislation to reduce or eliminate sales tax on diapers, and six are considering some forms of 
direct diaper assistance to families or diaper-providing organizations [10]. Connecticut is the most recent state to make 
disposable and reusable diapers tax-exempt, taking effect July 1, 2018 [11]. Yet, it is generally accepted that state sales tax 
exemptions would only partially contribute to the eradicating diaper need [9]. 
 
Community-based diaper programs and banks 
One diaper program at the state-level, the San Francisco Diaper Bank, distributes free diapers to qualified families. However, the 
program’s success has been challenged by parents struggling to pick up their rations during operating hours on a regular basis 
[12]. Diaper brands have donated diapers to food and diaper banks nationwide, which has demonstrated sustainability among 
nonprofits and private sector contributors and the need for a multi-sectoral approach in diaper provision [13]. Corporate 
donations also award Funds for Change grants to diaper banks and have allowed the network to grow to over 300 sites [14]. 
Despite their success, a study found 65% families are not aware that diaper banks exist in their communities [15], leaving the 
National Diaper Bank Network largely an untapped resource to meet diaper need on a population level. 
 
The following key takeaways can be gathered from previous policy efforts: 

● Attempts have not been cost-effective or effectively targeted to the appropriate subpopulations, those most in need 
● Attempts have failed to address all facets of the issue, including transportation, convenience (for purchase and/or 

pick-up), and awareness 
 
PAIN POINTS REVEALED 
Previous and existing efforts to address diaper need revealed ‘pain points’ that are fundamental to the persistence of the 
problem. Access (cost, convenience, transportation), awareness (of the problem and resources), and appropriateness (cost-
effective and targeted) must be incorporated as objectives across the levels of families, community and policy, in order to 
address the problem comprehensively and effectively.  
 
Families 
Families face four major pain points: 1) lack of channels to buy diapers at low cost, 2) high upfront cost to buy in bulk, 3) lack of 
access to online ordering mechanisms, 4) and lack of awareness of resources such as diaper banks. Low-income families living 
in cities may lack transportation to super stores such as Walmart, which sell diapers at lower amortized price. Therefore, many 
low-income families depend on local convenience stores, which have smaller package sizes and higher mark-up, costing two to 
three times as much overall compared to buying in bulk upfront [3]. Also, they may not be able to afford buying in bulk for 
advanced supply. Families without credit cards or stable addresses may face difficulties in shopping online at discounted rates 
and with direct home delivery.  
 
Community 
At the community level, child care centers face three major pain points regarding diaper need: 1) lack of awareness of the issue, 
2) lack of sufficient connection to available resources, and 3) lack of stable financial resources. Almost none of the child care 
centers surveyed by the MOMS partnership reported the problem at their centers, despite a statewide prevalence of 36% 
families facing diaper needs [16]. Also, approximately 4% of the surveyed child care centers indicated they would refer families 
to diaper banks, and only a handful have received diapers from diaper banks [16]. As they have access to large audiences of 
families, child care centers have the potential to serve as links in connecting families to resources. The MOMS survey also 
revealed that one-fifth of the centers report simply borrowing from other children’s stashes if a family could not provide diapers 
for a day. While most child care centers responded they would provide diapers for free, out of the 100+ child care centers who 
provided information about their budgets, 34.4% do not have any budget for diapers, and another 17.2% have a budget of under 
$20 per month [16]. Finally, only 363 out of 768 child care centers accept families supported by Care4Kids, which supports 
expenditures on comprehensive children care, including diapers.  
 
The figure below shows the geographic distribution of 768 surveyed child care centers with the size of the dot correlating to 
size of enrollment. The map on the right shows the locations of the ten major diaper banks in Connecticut. There is significant 
geographic overlap between the areas served by both child care centers and diaper banks. About 70-75% are family child care 
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homes and the remaining are child day care centers. We have identified pain points across both child day care centers and family 
child care homes [16]. 

 
Policy 
Pain points at the policy level include the failure to acknowledge diapers as a basic need, a general lack of governmental 
assistance to help fund diapers for families, as well as a lack of cost-effective and targeted strategies to reach those in need while 
have economic and social incentives. As depicted below, policy does not enable access to diapers on a given day. 

The ideal solution to address diaper need, therefore, must be cost-effective, multifaceted, incorporate the lessons learned from 
previous efforts, and address each of the aforementioned pain points at the levels of families, community, and policy.  
 
OUR PROPOSED SOLUTION: DiaperConneCT 
DiaperConneCT is a state-incentivized partnership between child care centers, diaper banks, and doctors’ offices to reduce 
diaper need in local communities in Connecticut. By enrolling in this program, all partners can work together in a proactive and 
synergistic manner to better address families’ diaper needs. The three partners (child care centers, diaper banks , and OB/GYN 
and pediatrics clinics) have different responsibilities, which will be discussed below.  
 
Child care centers 
Child care centers enrolled in DiaperConneCT will be responsible for providing diapers for the children under their care during 
the day while they are at the center. Since child care centers deal with larger volumes of diapers, they can order online from 
retailers such as Amazon for a much lower cost than purchasing from local stores or retailers and save on transportation costs 
with direct delivery to the center. To account for the cost of diapers, child care centers can charge an additional $15 per month 
per child for diapers. (See cost-effectiveness for feasibility calculations) 
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Subsidy program for low- and middle-income families 
Child care centers serving low- and middle-income families will be eligible for state-sponsored diaper subsidies on behalf of the 
families. The program will work as follows:  
1. Each family enrolled at the child care center will fill out a questionnaire about general socioeconomic needs. The responses 

will be reported anonymously to the State for data collection purposes.  
2. Based on responses to this questionnaire, the child care center and family will be able to jointly apply for state-sponsored 

subsidies that can be applied toward the monthly $15 charge for diapers. The subsidies can be full or partial depending on 
the income level of the family and number of children in child care. (Full for total income under 100% FPL; 50% for total 
income 100-200% FPL)  

3. In order to receive state-sponsored subsidies, child care centers will have to conform to a few other requirements: 
a. Before applying for subsidies, a trained representative from child care centers must provide families with information 

on local diaper banks and resources for which they may qualify.  
b. The center managerial staff and health consultants must complete an annual online training module developed by the 

state on recognizing and addressing diaper need.  
 
Diaper banks 
Diaper banks enrolled in DiaperConneCT will be able to partner with local child care centers and make it easier for families to 
pick up their diapers. Families who qualify for diaper bank assistance can opt to pay a small fee of $2 per month per child to 
have the diapers transported to and pick them up at their child care center. This eliminates the barrier of traveling to the diaper 
banks... The nominal fee will cover the transportation cost and a small “cut” to the child care centers for offering their location 
for distribution. On delivery days, volunteers from the diaper bank will facilitate distribution, provide information and answer 
questions about the diaper bank for families-in-need. In this way, the families benefit with increased convenience, diaper banks 
are able to publicize and reach a larger audience, and child care centers make some additional income with no additional costs, 
a three-way win.  
 
Health care providers 
OB/GYN and pediatrics clinics are the third partner that can proactively provide information and counseling to aid families. 
OB/GYN clinics will be required to have a medical social worker or professional meet with all pregnant women on Medicaid 
insurance after week 28 to discuss diaper need and offer counseling and referral to available resources, such as diaper banks. 
Pediatrics clinics will also have a similar requirement to check on diaper need at vaccination appointments. In addition, medical 
social workers will be required to complete an online training module on recognizing and addressing diaper need.  
 
In summary, DiaperConneCT presents a multifaceted solution involving all key players that addresses all of the previously 
identified pain points.  
 
COST-EFFECTIVENESS ANALYSIS 
DiaperConneCT presents a financially feasible solution that provides cost-savings and/or increased revenue for all parties 
involved. Detailed calculations and explanations of assumptions can be found in Appendices A-C.  
 
Families (Appendix A): Assuming that about 100 diapers are required per child while at child care centers, families who rely 
on local convenience stores will spend about $30-50 per month per child. However, with DiaperConneCT, they will pay only $15 
per month, which is a 50-70% cost reduction (See Appendix A).  
 
Child Care Centers (Appendix B): Child care centers may benefit economically from two different aspects. As child care centers 
can order diapers online in bulk and have them directly delivered, they can potentially save tremendously on costs. Based on a 
preliminary Amazon search, diapers can be purchased for an amortized unit cost of $0.12 online. Assuming 100 diapers per 
month per child, this is a total cost of $12 per month per child. By providing diapers to families and charging $15 per month per 
child, they enjoy a 25% profit margin (See Appendix B.1). Besides, by partnering with diaper banks, they stand to make 
additional profit that increases with the proportion of their clientele that qualifies for diaper bank assistance, given that 
transportation reimbursements to the diaper bank will grow at a slower rate compared to revenue (See Appendix B.2).  
 
The State Government of Connecticut (Appendix C): The main upfront cost for the state is the subsidy. Based on the total 
number of spaces in child care centers in Connecticut, and the proportion of the population that falls under 100% FPL and 
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between 100% and 200% FPL, we anticipate annual costs of $3.71 million. However, economic analysis of diaper banks shows 
that providing assistance for diaper need has a potential annual saving of $4.3 million from avoided healthcare expenses, in both 
reduced pharmaceutical costs and decreased number of doctor visits. In addition, the analysis shows that over a 15 year time 
span and an annual investment of $3.71 million, there will be an increase in annual tax revenues of $2.3 million due to increased 
productivity and personal incomes (See Appendix C).  
 
SUMMARY 

Identified Pain Point DiaperConneCT’s Solution 

Families cannot buy diapers in bulk at a lower cost. Child care centers take care of purchasing in bulk online.  

Families are not aware of resources like diaper banks.  Both child care centers and doctors’ offices will be trained and 
required to guide families to appropriate resources.  

Child care centers are not aware of the existence and 
prevalence of the problem. 

Child care centers will be required to be trained on 
recognizing and addressing diaper need, and will be actively 
involved in applying for subsidies for families.  

Child care centers do not have stable funding to provide 
diapers for families who need them. 

Child care centers will charge $15 per child per month to 
cover the cost of diapers and be eligible for state-sponsored 
subsidies for families in need.  

Previous policy solutions have not been cost-effective or 
sufficiently targeted at the appropriate subpopulations. 

DiaperConneCT is cost-effective for families, child care 
centers, and the state in terms of cost reduction, increased 
revenues, and savings on avoidable expenses.  

Previous policy solutions have failed to address all facets of 
the issue, including transportation, convenience, and 
awareness. 

DiaperConneCT is designed as a partnership specifically to 
address all sides of the problem in parallel, including access, 
awareness, and appropriateness.  

 
CONCLUSION 
DiaperConneCT provides a multifaceted, collaborative approach that addresses all the pain points previously identified to 
address diaper need and is cost-effective for all stakeholders involved. Beyond economic incentives, it offers long-lasting social 
and societal impact to improve the health and well-being of low-income families.  
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APPENDIX A: Calculations for Families 
Assumptions (most are generous):  

1. Day care centers change diapers about every 2 hours.  
2. The child is at child care for ~ 8 hours per day.  
3. Based on our research, most low-income families buy diapers in small packs from convenience stores at walkable 

distances, which likely include Walgreens and CVS as opposed to superstores such as Walmart.  
 
Number of diapers needed at child care center per child per month = 5 diapers/day * 20 days/month = 100 diapers 
 
Cost per diaper at various outlets  

1. Amortized costs implicitly take into account the bulk sizes offered 
2. Costs were estimated based on well-known brands such as Pampers, Luvs, and Huggies. 

 

Location Cost per diaper Cost for 100 diapers 

Amazon 0.12 $12 

Walmart 0.15-0.19 (depending on brand) $15-19 

Walgreens/CVS 0.30-0.50 $30-50 
 
If families are paying $15/month per child to the child care center instead of $30-50 on their own for diapers used during the 
day, this is a 50-70% cost reduction. 
 
In addition, if they pay $2 per month additionally to pick up their diaper bank diapers at the child care centers, they are avoiding 
all additional transportation costs associated with going to the diaper bank, which accounting for both private or public 
transport, will be higher than $2 on average.  
 
Other downstream revenues include increased productivity, fewer days missed of work or school, and increased personal 
incomes.   
 
APPENDIX B: Calculations for Child Care Centers 
There are two separate sources of profit for child care centers, first in providing diapers themselves, and second in partnering 
with diaper banks to facilitate distribution.  
 
B.1 Providing Diapers for $15/month/child 
Assumptions: 

1. A “small” child care center has ~5 children. 
2. A “large” child care center has ~50 children. 
3. As calculated above, each child requires ~100 diapers per month at the child care center.  
4. As shown in the previous table, the cost per diaper on Amazon is $0.12.  

 

Center size # of children Total # diapers/ 
month 

Cost on Amazon Monthly revenue 
from $15/child 

Monthly profit 

Small 5 500 $60 $75 $15 (25%) 

Large 50 5,000 $600 $750 $150 (25%) 
 
For daycare centers of all sizes, there is incentive to enroll in DiaperConneCT because the profit margin for providing diapers is 
25%. Amazon will also deliver directly to the center, so there are no associated transportation costs. 
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B.2 Partnering with diaper banks for distribution for $2/month/child 
Assumptions: 

1. 36% of families experience diaper need. We will assume the distribution per child care center varies from 18-54% (50% 
variation in either direction).  

2. Based on the dataset provided, the average enrollment of a child care center is 31 children.  
3. The average distance from a child care center to the closest diaper bank is ~20 miles.  
4. On average, the cost of gas is $0.15/mile.  [17] 
5. Since most diaper banks are non-profit organization, they just need to be reimbursed for transportation costs for a 

volunteer to drive the diapers over once a month.  
6. While there will be variation based on enrollment of child care center and demographics of clientele, across the board, 

decreased amortized transportation costs from some centers will offset increased costs from others.  
 

Diaper need # of children Cost of gas Monthly revenue 
from $2 per child 

Monthly profit 

18% 5 $6 $10 $4 

54% 17 $6 $34 $28 
 
The higher the diaper need at a child care center, the higher the profit from partnering with diaper banks. This provides strong 
incentive for child care centers to not only partner with diaper banks, but provide guidance and refer families to diaper banks 
when necessary.  
 
APPENDIX C: Calculations for the State of Connecticut 
Assumptions: 

1. There are 140,865 spaces for child care in Connecticut, of which 14% are for school-aged programs. Therefore there 
are 121,144 spaces for children under 6. Assuming that there is a uniform distribution across ages, ~67% of those 
spaces would be for children under 4, or around 80,763.  

2. We assume the proportions of children <100% FPL and in the range of 100-200% FPL [18] do not vary significantly 
between the 0-4 and 0-6 age ranges. We also assume that child care spaces are taken up uniformly by children from all 
age groups. We understand this may not be an accurate assumption, but it is useful to generate rough estimates. 

3. We assume all child care centers enroll in DiaperConneCT as a generous estimate of costs.  
4. The costs of online training content and pamphlet/brochure creation is largely one-time, with some additional marginal 

expense for upkeep, so we assume it will not factor heavily into annual costs.  
 
Annual costs: 

Income range % of children # of children Annual subsidy 
provided 

Total cost 

<100% FPL 17 13,730 $180 $2.47M 

100-200% FPL 17 13,730 $90 $1.24M 

TOTAL 34 27,460  $3.71M 
 
Annual savings: $4.3M in medical costs between fewer visits to the doctor and fewer drugs 
Annual increases in revenues: 
For every $10,000 in assistance, state income taxes for CT increase from $3700 in 2016 to $9900 in 2031 [19]. Therefore for a 
total investment of $3.71M in 2018, we anticipated an increase of around $2.3M in taxes accrued by 2031.  
 
DiaperConneCT is cost-effective for the state, with a net annual savings of ~$600K just from avoided healthcare expenses, and 
an additional increase in tax revenue of $2.3 million annually by 2031 due to increased productivity, completion of educational 
programs, and increased personal incomes.  
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Generating Evidence to Catalyze Change: 3 Solutions for 3 Populations 
 
Diaper need, the state in which families struggle to maintain a supply of clean, dry diapers adequate for changing 
children’s soiled diapers at intervals recommended to maintain physical health and support the emotional well-being 
of children and their parents or guardians,[1] is a health problem that affects one in three surveyed families in the 
United States[2]. The effects of diaper need can be felt in our own backyard, with 27 percent of women in New 
Haven, CT reporting experiencing diaper need in some varying degree[3]. Unlike other health problems, diaper need 
doesn’t drastically vary by income, as 43% of families earning less than $25,000 and 38% of families earning 
$50,000 - $74,999, are effected[2]. 
 
Out of pocket costs for diapers, transportation, access and mental health issues are all contributing factors for diaper 
need. The associated health effects of diaper need include increased prevalence of diaper rash and urinary tract 
infections in children and adverse mental health effects for mothers. Additionally, the requirement that parents 
supply up to 100 diapers for childcare, causes cash flow problems and is a contributing factor to adverse maternal 
mental health. Diaper need reduces the ability of parents to attend work or school, harming their long-term economic 
outlook. 
  
Multiple states have proposed solutions to address diaper need, such as sales tax exemptions for diapers in 
Connecticut (from July 1, 2018); a monthly supplement for TANF eligible individuals in San Francisco (2015) and 
statewide in California (regulations due 2020). At the federal level, legislation has been proposed such as a 
supplemental payment to help reduce out-of-pocket costs and a proposal of demonstration grants administered by 
the Administration for Children and Families to do the same. Only San Francisco’s program have reported results, 
their evidence indicates that reducing or eliminating the diaper need significantly improves health outcomes and the 
lives of both parents and children.  
 
Given this limited information, it is unclear this policy is suitable for Connecticut. We propose that Connecticut 
generates relevant evidence whilst helping significant populations by implementing three pilot programs and 
monitoring their effectiveness. The goals of the proposed solutions are to increase access and reduce the cost burden 
associated with diaper need. 

● Proposal of a 1115 Waiver that would establish a five-year demonstration project to provide reimbursement 
of incontinence supplies to providers for Medicaid and CHIP enrollees three years of age and younger. 

● Proposal to establish a pilot program in Connecticut with the three health insurance providers serving State 
of Connecticut employees to measure the cost and impact of providing supplemental coverage of 
disposable incontinence supplies for children three years of age or younger. 

● Proposal of a child care center distribution pilot, whereby child care center licensure is contingent on the 
provision of diapers to parents. Diapers would be bulk-purchased by the child care centers via the Jet 
Diaper Program 

 
We built economic models for each of these programs and all of them are projected to deliver net benefits to the 
state, with varying levels of risk. Each of them can be implemented individually, but if implemented together they 
would share complimentary effects. 
 
1115 Medicaid Waiver 
The State of Connecticut State Department of Social Services (DSS), the entity that administers Medicaid for the 
State of Connecticut will leverage the flexibility of Section 1115 of the Social Security Act,  which gives the 
Secretary of Health and Human Services authority to approve experimental, pilot, or demonstration projects that are 
found by the Secretary to be likely to assist in promoting the objectives of the Medicaid program[9]. The proposed 
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waiver will be used to develop a demonstration project that will reduce the substantial costs of diapers by expanding 
reimbursement for diapers under the Medicaid Program.  
 
Proposed 1115 Waiver 
The 1115 Medicaid Waiver provides the authority to establish demonstration projects to test novel approaches 
designed to promote Medicaid’s objectives; the proposed waiver would meet four of the six goals[12]: 

●  Goal 1: Implementation of such a waiver would produce positive health outcomes for individuals by 
meeting health needs, focussing on preventive care, resulting in better health outcomes for the individual; 

●  Goal 2: In creating cost saving and improving maternal and infant health by reducing the impact or 
eliminating diaper need can contribute to sustainability efforts for the Medicaid program for the long-term; 

● Goal 3: Addressing associated determinants of health such as income, employment status, and 
transportation issues, which are all impacted by diaper need; 

● Goal 4: Through the proposed waiver, beneficiaries will have more day-to-day familiarity with their own 
and their children’s health care plan. 

  
The 1115 Waiver will establish a five year demonstration project to provide reimbursement of incontinence supplies 
to providers for Medicaid and CHIP enrollees three years of age and younger. Using current enrollment rates, the 
waiver would impact an estimated 86,000 children in Connecticut. The waiver would reimburse providers using 
existing HCPCS Codes (T4529 - T4536), limiting potential administration costs associated with the pilot.  
  
Beneficiaries will be limited on a per capita basis and the total allotted amount for each enrollee will be $137 per 
year - equivalent to the average value of diapers currently used in Connecticut's diaper bank. This is a supplemental 
benefit and not a total replacement to current diaper costs, covering approximately one quarter of annual diaper 
costs. This relatively small supplement is often enough to avoid diaper need and the “stretching” of diapers, i.e. 
leaving diapers on a child longer than they should be[14]. The per capita amount could be adjusted in subsequent 
years, either increasing the supplement or providing the supplement on a sliding scale dependent on income, 
inflation, market price-demand levels, etc. 
  
1115 Waivers must be cost neutral with regards to federal funds, below are the estimated costs and benefits of the 
demonstration project. The 2018 FMAP for the State of Connecticut is 50%, so half of the benefit would be federal 
funds, half would go to Connecticut State Funds. As the direct costs for the project are $14.9 million, cost savings 
must be at least $7.4 million as those are the federal funds contribution to the program. Given that the project is 
limited by a per capita basis, there is no risk to the state in having to allocate any additional new Medicaid funds. If 
implemented, there are potential savings to individuals, state and insurers. The savings are listed in the table below.  
 

Total (accruing to) Individual State Federal Employers Cost 

Productivity Benefits $4,393,411   $4,393,411  

Medical Savings  $2,844,953 $19,736,737 $19,736,737   

Taxable Income Revenue   $836,209    

Costs       $14,865,944 

 
Savings for the individuals are due to reduced medical costs associated with diaper need, such as diaper rash, urinary 
tract infections and maternal mental health treatment, and increased productivity benefits as individuals would miss 
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less work and earn more, resulting in higher take home pay and payroll taxes. This is particularly of note, since 
low-income people are more likely to work in hourly positions vs. higher income salary positions. Both the state and 
federal government will see an estimated medical savings of $19.8 million to lower medical claims, such as diaper 
rash, urinary tract infections and maternal mental health treatment. States will also receive new taxable revenue that 
has been diverted from diaper purchases, which is exempt from sales tax in Connecticut, to potentially non-exempt 
items. Savings to employers of $4,393,411 are due to increased productivity benefits: employees will miss less 
work, which will benefit employers. The total cost of the program to the state is a net savings of $24,607,531. 
 
Status Quo and Efforts to Control Costs for Disposable Incontinence Supplies 
Although no state Medicaid program currently reimburses diaper claims for patients younger than 3, there are still 
lessons to be learned from previous attempts to control costs for disposable incontinence supplies. 
 To control costs, currently states have taken a variety of actions, including: 

1. Impose limits on the quantity of supplies allowed per month; 
2. State Medicaid programs may reduce fee-schedule rates to control expenditures for incontinence supplies; 

and 
3. State Medicaid programs may seek to lower costs for incontinence supplies by implementing a competitive 

bidding process. 
 
When looking at actions taken to control costs, the most frequent action taken is imposing quantity limits on each 
Healthcare Common Procedure Coding System (HCPCS) Code. For example, in Maryland, the monthly limit for 
small adult diapers (T4521) was 240 units for beneficiaries aged 3 to 15 and 180 units for beneficiaries aged 16 and 
older[10]. Another approach states have taken in controlling costs is establishing maximum dollar amounts for 
supplies per month per beneficiary. For example, in Arkansas, the Medicaid program set a monthly limit of $130 for 
incontinence supplies across all HCPCS codes.  
  
As part of cost control measures, five State Medicaid programs implemented competitive bidding for incontinence 
supplies. In those states, beneficiaries received incontinence supplies either via mail or through local stores. Local 
suppliers purchased supplies from their State’s contracted vendor at guaranteed rates and then submitted claims to 
receive reimbursement from their State’s Medicaid program.[11] 
  
Measures for the 1115 Waiver Demonstration Project include: 

● Utilization: Number of eligible enrollees vs number of enrollees who used the benefit; 
● Impact of the Benefit: Number of months the benefit amount covered based on varying income levels and 

geographic locations around the state; and 
● Health Outcomes: Percent change in Medicaid claims for diaper need-related health care costs, such as 

diaper rash, urinary tract infection, and maternal mental health. 
 
State of Connecticut Employees Diaper Benefit Pilot 
While the 1115 Medicaid Waiver Pilot will address the needs of low-income families, it has been noted that diaper 
need is an issue that spans multiple income levels. With that, we propose a pilot with the State Employees of 
Connecticut, a self-insured group, with an average salary $60,000, to measure the impact of a limited reimbursement 
of diapers for children three years of age or younger. There are an estimated 187,000 state employees, and the pilot 
would impact an estimated 21,879 children. We propose the pilot with the state employees insurance pool because it 
is a large group of people, can be implemented with relative ease, as the State Comptroller has the authority to do so, 
and is a controlled environment.  
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The State Comptroller, who is independently elected by the people of Connecticut,  would work with the three 
health insurance providers (United Health Group, Anthem Blue Cross Blue Shield and Connect Care) to establish a 
five-year pilot. As with the 1115 Medicaid Waiver Pilot, the benefit amount would be limited to an annual benefit of 
$137. While annual limits are restricted under the Affordable Care Act, this pilot would be exempt, as diapers are 
not considered an essential health benefit. If implemented, there are potential savings to individuals, state and 
insurers. The savings are listed in the table below.  
 

Total (accruing to) Individual State Insurer Cost 

Productivity Benefits  $11,294,148   

Medical Savings $2,029,634 $6,630,813 $3,415,873  

Taxable Income Revenu   $213,011   

Costs     $3,786,870 

 
Savings for the individual are due to reduced medical costs associated with diaper need, such as diaper rash, urinary 
tract infections and maternal mental health treatment. Saving to the state include less miss worked days by 
employees (productivity benefit), medical savings via a reduction in premiums due to lower benefit utilization by 
employees due to diaper need related infections, and new taxable revenue that has been diverted from diaper 
purchases, which is exempt from sales tax in Connecticut, to potentially non-exempt items. Total cost of the 
program to the state is a net savings of $14,351,102.  
 
Similar to the 1115 Waiver pilot, the measures regarding the efficacy of the pilot would be comparable. Measures 
for the State Employee Diaper Benefit Pilot include: 

● Utilization: Number of eligible enrollees vs number of enrollees who used the benefit; 
● Impact of the Supplement: Number of months the benefit covered based on varying income levels and 

geographic locations around the state; and 
● Health Outcomes: Percent change in health insurance claims for diaper need-related health care costs, 

such as diaper rash, urinary tract infection, and maternal mental health. 
 
Child Care Center Distribution Pilot 
Parents affected by diaper need are constrained by both time and money. While diaper prices are falling and online 
marketplaces represent a convenient way to shop, not everyone can take advantage of their benefits. Many parents 
lack the disposable income to stockpile diapers, taking advantage of low bulk prices and special offers. For those 
who are not home to receive packages and who do not own a car, transportation of bulky diapers is a significant 
challenge [13]. These effects reinforce existing disparities: the poorest parents pay the most for diapers. 
 
To ensure that there is a supply of cheap, high quality diapers, Jet, with the support of the Obama Whitehouse, 
launched the Jet Cares Community Diaper Program, which supplies diapers at preferential prices to non-profit 
organisations. The same diapers are also available to purchase at highly competitive rates, to the general public. 
However, this solution does not address parent’s the cash flow and transportation issues. We propose to make 
diapers available at bulk prices to all parents, while removing transportation issues. This will be achieved by 
requiring licensed child care centers to purchase diapers in bulk and pass sell them to parents at close to marginal 
pricing. The diapers can be bought from the existing jet initiative. 
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This system has several advantages: parents routinely overpay for diapers when they buy in small quantities, bulk 
orders from the Jet initiative have a unit cost of $0.14, which would represent a halving in price for many parents 
(see figure 1). Further, since parents already travel to their daycare multiple times a week, diaper purchases would 
require no additional travel and diapers could be bought in easy-to-carry quantities. Moreover, daycare centers 
would take ownership of diaper buffers alleviating cash flow issues. 

.  
Figure 1 Consumer surplus generated by diaper distribution scheme. 

 
This proposal could easily be piloted before being deployed statewide. Diaper need is concentrated in urban areas, 
especially Bridgeport and New Haven, CT, these would represent ideal locations to partner with a small group of 
daycares who have previously engaged with diaper need to trial diaper selling. The distribution program require 
minimal logistical adjustments: all daycares already process payments, store diapers, match diapers to specific 
children and many sell goods. To deploy statewide, the licensing regulations could be amended by the 
Commissioner via the Office of Early Childhood to require selling. Daycare centers with less than 10 children would 
be excluded - as these are primarily residential arrangements. 
 
Depending on the results of trials, child care centers could either be allowed to decide their own pricing for diapers 
or, if there is evidence that they are overcharging a captive audience, regulations could instate a maximum price 
indexed to the Jet Cares pricing. Any price control would have to be carefully balanced to avoid diaper sales 
becoming a loss-making activity. 
 
Finally, this regulation could also benefit parents who do not send their children to daycare: although daycares 
would only be required to sell to their existing customer base, they could also open sales to parents who are not 
already daycare members. This would only be feasible in locations were sales could be remote from children, to 
avoid security issues, but could provide many more locations where parents are able to access cheap diapers in their 
communities.  
 
Conclusion 
As proposed, individually or aggregately implemented, the three solutions could potentially have a large impact on 
how diaper need is addressed in the state of Connecticut. This incremental approach will give policymakers and 
providers at the state level additional data to make informed decisions about future approaches to diaper need. The 
pilot model provides little risk, both in terms of cost and time, for the state of Connecticut. As seen with the strategy 
previously taken to successfully pass the a sales tax exemption in the state of Connecticut, there must be buy-in from 
stakeholders internal and external to government, the proposed pilot model provides an opportunity for engagement 
and measurement of efficacy from multiple stakeholders. Lastly, we anticipate less resistance to these solutions vs. 
other solutions proposed or implemented by other states and cities due to the anticipated savings to the state and 
improved health outcomes for families in Connecticut.  
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Proposed State Initiatives to Reduce Diaper Need  

1. Exempt diapers from sales tax 
a. State of Connecticut: Successfully signed into law in 2016, and will go into effect July 1, 2018. 

2. Provide a monthly diaper supplement for individuals eligible for TANF; 
a. San Francisco: Implemented in 2015, those in San Francisco and are enrolled in CalWorks (CA 

TANF) are eligible to receive up to six packages of diapers per month at no cost for each child 
under three years of age. The pilot program is a grant program, $479,000 a year.[5] 

b. State of California: AR34 Includes a thirty-dollar-per-month benefit to assist with diaper costs for 
each child under three years old as a necessary supportive service pursuant to a California Work 
Opportunity and Responsibility to Kids (CalWORKs) participant's welfare-to-work plan, requires 
the Department of Social Services (DSS) to develop implementing regulations by January 1, 2020, 
provides that no continuous appropriation for public assistance shall be made to implement the 
provisions of this bill, and makes technical changes, as specified.[6] 

  
Proposed Federal Initiatives to Reduce Diaper Need 
H.R. 3134: Diaper Act 
House bill was proposed in 2011.[7] 

● Provision of diapers for use by eligible children within the State who receive or are offered child care 
services for which financial assistance is provided under this Act is a direct service and shall not be 
included in administrative costs.” 



97

 

● These activities include the provision of diapers and diapering supplies to enrolled child care providers 
sufficient for the population of children under the age of three whose parent receives or is offered financial 
assistance under this Act. 

  
H.R. 1143: Hygiene Assistance for Families of Infants and Toddlers Act of 2017 
House bill was introduced in 2017.[8] 

● Instructs the Administration for Children and Families to conduct demonstration projects that will reduce 
the substantial costs of diapers and diapering supplies by making diapers and diapering supplies available 
to low-income families 

● Evaluate the effects of such demonstration projects on mitigating health risks, including diaper dermatitis, 
urinary tract infections, and increased rates of parental and child depression and anxiety, that can arise 
when low-income families do not have an adequate supply of diapers for infants and toddlers; and 

● Integrate the diaper distribution demonstration projects with other assistance programs serving families 
with eligible children. 

● Costs: Fiscal years 2018 through 2022, $25,000,000 
 
Visualisation of State Employer Diaper Pilot and Medicaid Diaper Pilot Costs & Benefits 
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Medicaid’s Objectives with 1115 Waiver Program Demonstration Projects 
 Medicaid’s objectives, whereas such reforms would[4]: 

● Goal 1: Improve access to high-quality, person-centered services that produce positive health outcomes for 
individuals;  

● Goal 2: Promote efficiencies that ensure Medicaid’s sustainability for beneficiaries over the long term; 
● Goal 3: Support coordinated strategies to address certain health determinants that promote upward 

mobility, greater independence, and improved quality of life among individuals; 
● Goal 4: Strengthen beneficiary engagement in their personal healthcare plan, including incentive structures 

that promote responsible decision-making; 
● Goal 5: Enhance alignment between Medicaid policies and commercial health insurance products to 

facilitate smoother beneficiary transition; and 
● Goal 6: Advance innovative delivery system and payment models to strengthen provider network capacity 

and drive greater value for Medicaid. 
 
HCPCS Codes 

● T4529: Pediatric sized disposable incontinence product, brief/diaper, small/medium size, each 
● T4530: Pediatric sized disposable incontinence product, brief/diaper, large size each 
● T4531: Pediatric sized disposable incontinence product, protective underwear/pull-on, small/medium size, 

each 
● T4532: Pediatric sized disposable incontinence product, protective underwear/pull-on, large size, each 
● T4533: Youth sized disposable incontinence product, brief/diaper, each 
● T4534: Youth sized disposable incontinence product, protective underwear/pull-on, each 
● T4536: Incontinence product, protective underwear/pull-on, reusable, any size, each 
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Diaper need in Connecticut 
Kennedy Mukuna and Leah Pillsbury 
  
Child rearing is costly financially as well as emotionally. Usually when researchers measure the costs 
they focus on the cost of food, shelter, child care and lost workforce productivity.  While these are all 
major costs, another less discussed cost is that of diapers.  At roughly 0.29 cents a diaper, the average 
American family spends $936 a year on diapers for each child 0-3 years old. This is a significant financial 
burden for families that are already stretched, and one that doesn’t fit neatly into family budgeting. In 
fact, low-income families are only able to meet 78% of their diaper need (roughly $730 annually). 
  
Diaper need is an invisible problem to those who don’t have children aged 0-3 or those who are not 
pressed for resources. As such it is under-addressed in national and local policy, and many families 
continue to struggle to provide enough diapers for their 0-3 year old children to stay clean and dry and 
therefore healthy. 
  
Scope 
  
While many Americans have never heard of the problem, reports of diaper need are substantial and 
consistent.  36% of households experience diaper need with diapers accounting for upto 6% of single 
mothers’ wages annually.[i] 
  
A key predictor for diaper need is maternal stress related to childcare. Women with mental stress are 1.9 
times more likely to report diaper need than those who don’t have stress.[ii] Hispanic and white women 
are disproportionately affected by diaper need. Women over 45 are 2.5 times more likely to report diaper 
need compared to women under 45. Over 60% of families reporting diaper need earn less than $20,000. 
Over 87% of day care centers provide diapers to parents who do not bring diapers with them to the 
daycare centers -- this presents a significant burden to the businesses since 63% of them buy the diapers 
while 27% borrow from other parents’ diaper kits. Also on average, daycare centers which provide free 
diapers cost 24 dollars less a week for child care services meaning that they shoulder the cost internally. 
  
Disposable diapers cost the state between $4.5 million and $5.6 million in disposal costs from landfill 
tipping fees not including the waste management infrastructure to get them to the landfill.  Nationwide, 
the cost in preventable health problems due to diaper need is estimated at $4.3 million.[iii] 
  
In Connecticut, the number of children receiving child care subsidies through the Care4Kids program is 
35,233.[iv] Enrolment into Care4Kids requires families to be making less than 50% of the state median 
income for the family’s household size. 
  
Regarding diaper need in Connecticut, it is important to note that the target is families with children under 
3 and which have low to moderate incomes. 13% of families in the state live under the poverty line and 
31641 children under 4 live in poverty.[v] 
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Causal mechanisms for diaper need 
  
● Inflexibility of subsidies to cover diaper costs 
  
In general, low-income families with children are at greatest risk of suffering the effects of diaper need 
because many families can't afford diapers. Given that there are about 1,354,713  households in 
Connecticut, at least 176,000 of those live under the poverty line. Current public support programs help 
some, but young children have additional needs necessary to build a strong foundation for healthy growth 
and to reach their fullest potential. The range of public support programs includes SNAP, WIC and 
TANF. Only TANF provides cash assistance which can be then used to buy diapers. Fewer than 10% of 
poor families (less than 17,600) receive TANF and of those 17,600, only 35% have a child under 3. This 
covers about 6,160 children leaving unmet need of about 25,480 children living under poverty. 
  
● Buying from convenience stores not bulk stores due to transportation costs 
  
The Department of Transportation reports that the poorest one-fifth of Americans spend approximately 39 
percent of the average household income on transport to work etc.[vi] The National Diaper Bank reports 
that the significant added cost for diapers could emanate from the fact that most low-income families buy 
diapers in small quantities at convenience stores rather than in bulk quantities from megastores which 
would be cheaper. The cost of transportation to get to the larger stores is noted as a key deterrent. [vii] 
  
● Cloth diapers are perceived as adversely among mothers 
  
A 2010 study by Huggies[viii] found that while 87% of mothers view cloth diapers as environmentally 
sustainable, 77% percent of mothers view them as inconvenient and 87% of them would find it hard to 
use them without an in-house washing machine. On average, cloth diapers cost save families at least $680 
dollars yearly in diaper costs compared to disposable diapers and with laundry costs, the savings range 
from $160 - $256 annually. 
  
Proposed solution: Daycare-supplied cloth diapers 
  
Facts 
  

● 67% of daycare facilities in Connecticut already accept cloth diapered-children. 
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● 95% of facilities require parents to bring diapers but only 3% turn away parents without diapers. 
87% provide free diapers. 63% of those buy the diapers, while 27% borrow from other parents’ 
kits. 

● Disposable diapers cost the state between $4.5-5.6 million in landfill tipping fees 
● Annual costs of buying disposable diapers vs cloth is on average $936 for disposable diapers 

compared to $400 for buying cloth diapers, which then do not need to be replaced. 
● 87% of women view cloth diapers as environmentally sustainable 
● 77% of them view them as less convenient with 87% finding it hard to use them because they 

don’t have washing machines at home. 
  
  
Solution concepts 
  
a)     Provision of laundry services for cloth diapers 
b)     Sensitization on the potential cost savings and the ease of using cloth diapers 
c)     Economizing on usage of disposable diapers 
d)    passing on cost savings to parents and daycares 
e)    significant environmental benefits 
  
Design 
  
Target 

The focus for the programs is households that access child care services at facilities that receive support 
from the Care4Kids programs – 88% of facilities that accept government assist are enrolled in the 
Care4Kids program which specifically targets low to moderate income families. By default, the reach 
excludes facilities not enrolled in Care4Kids ( which could mean that fewer higher income families will 
be included making the program substantially less equitable but more efficient in targeting the 
disproportionately affected families. 

 
Part 1: Daycare centers 
 
Since daycare centers also bear the cost of diaper need substantially, we propose a campaign to position 
daycare centers as the providers of cloth diapers while children are enrolled in daycare.  This would 
reduce parental anxiety towards supplying daycare centers with diapers and would ensure that parents 
drop their kids off at daycare instead of missing work. It would also achieve cost savings for parents.  
 
Benefits 

•Reduced hassle for parents 

•Daycares are no longer allowed to make parents bring a supply of ~50 diapers/week in order to drop off 
their children 

•Reduced expenditure on diapers 
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•$680 dollars compared to $936 for disposable diapers 

•Significant positive environmental impact 

•Savings of up to 5.6 million dollars annually in landfill costs 

•Improved health outcomes for children and mothers 

•Reduced mental stress, UTIs and rash for children 
•Reduced exposure to dioxins and phthlates (is this significant?) 

•Potential to create additional local jobs 

•New business and job creation for laundry 
 
 
Economics 
 
It costs about $100 to purchase a day’s worth of cloth diapers supply for children. Additionally, the 
annual laundry costs  are determined as the cost of a child’s daily diaper usage which is the cost of one 1

wash and one dry a day for 5 days over 50 weeks. We estimate the cost of a wash for a child load as 
$1.20. The total annual cost is estimated at $300.  We additionally factor in the cost of 2 weekend days 
worth of disposable diaper supplies for parents assuming day care centers are not open on weekends 
which ranges from $170 to $256 dollars yearly depending on cost of diapers. Finally, we add in 
annualized labor costs at $110.  
 
The cost of the program would be between $680 dollars and 776 dollars. Currently, families with diaper 
need are able to cover $730. This would leave upto $46 dollars in potential deficit. We propose a solution 
where daycare centers receive a $50 subsidy per child per year and then charge parents a ceiling of $15 a 
week to provide cloth diapers (and laundry services) for 5 days a week and disposable diapers over the 
weekend.  
 
Part 2: Parents 
 
Parents would pay upto $15 a week for diaper services from the day care centers. This price is built in to 
daycare costs and would not be opt-in or out.  Included in this, parents will receive cloth diapers for the 
evenings during the week and return them for laundry the following day. Over the weekend, the families 
will receive a two-day supply of disposable diapers. 
 
Part 3: State 
 
The state will run a sensitization campaign on cloth diapers usage. The campaign will target families 
serviced by day care centers under the Care4Kids program and be expanded momentarily.  

 

1 One laundry load takes 2.5 child diaper load == 3 dollars. This translated to $1.2 dollars per child load 
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Paying for the program 

We have divided out payments below: 

1. Care4Kids recipients pay $730/year 
2. Other parents pay $780/year 
3. State pays $50 subsidy for Care4Kids recipients. (Quarterly disbursement to daycare facility based on child 

enrolment.) 
4. Savings from tipping costs will be used to fund part of the subsidy. 
5. The sensitization campaign will need an upfront budgetary allocation ($3 million dollars) 
6. Added economic benefit by keeping parents in work/school 

a. Estimated that a dollar of diaper assistance equals 11 additional dollars in taxable income. 
b. Up to $17 million additional taxable income from parents not missing work 

 
Challenges 

1. Perceptions about using cloth diapers 
a. Sensitization campaign 

2. Logistics of switching and start up costs 
a. Day care centers stock and equipment purchase 
b. Enlisting of laundry services 
c. New paperwork 

3. Inspection to make sure facilities doing it right 
a. To run along with current inspection protocol 

4. Political concerns 
a. In 2017, state spent $122 million on childcare costs – need to make the case for an additional $ 1.5 

million in diaper subsidies as well as $5 million in sensitization campaign costs. 

 

Rollout 
1. Year 1 

a. Pilot program with 20 day-care facilities that already accept cloth diapers and have 
Care4Kids funding 

i. Channel 1 – day care centers with laundry facilities 
ii. Channel 2 – coordination between day care centers and local industrial laundry 

companies 
iii. Incentive for centers to participate in pilot 
iv. Statewide sensitization campaign about the program; concentrated campaign in 

centers participating in pilot 
2. Year 2 

a. Data analysis and presentation of pilot results to state officials 
i. “Go-No-Go” Analysis 

ii. Improvements in design based on lessons learned 
iii. Synchronization of subsidy with Care4Kids assistance to reduce paperwork 

burden 
3. Year 3 

a. Statewide rollout of program to all accredited daycare centers 
 
 



106
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Ye jin Kang, Kyle Morgenstein, Ramya Pinnamaneni, Vincent Pisano, Yusuf Roohani  
 

IMPROVING ACCESS TO DIAPERS EMPOWERS FAMILIES 

The high-cost of diapers prevents low-income families in Connecticut from providing diapers for 
their infants. This in turn prevents entry into many child care centers that require diapers for 
babies attending the center. Given that parents are prevented from going to work or school when 
children cannot attend child care, the shortage of diapers fuels a cycle of poverty. We propose 
that the Diaper Bank of Connecticut and the National Diaper Bank Network (NDBN) address this 
issue by equipping child care centers with diapers that families can purchase for a reduced cost. 
Through existing data, child care centers are identified as high-risk for having turned a parent 
away, and low-risk if they have not turned a parent away, based on ability to procure diapers for 
child. We also propose a neural-network classification model, developed through the Mental 
health Outreach for MotherS (MOMS) child care study and U.S. Census data, to identify future 
high-risk child care centers that could benefit most from this service. 

DIAPER GAP FUELS A CYCLE OF POVERTY AND SOCIOECONOMIC DISPARITIES 

While Connecticut is the wealthiest US state, it is one 
of the most economically segregated. 10.3% of the 
population, representing the wealthiest families, live in 
concentrated neighborhoods. They are often times 
over 90% white. The poorest communities have a high 
percentage of Hispanic and Black Americans. (TrendCT, 
2015). Social mobility is dependent on access to 
education, yet even at the earliest levels this is 
restricted by economic constraints. In Connecticut, 
families now pay about $4.76 a month in sales tax on 
diapers (HuffPost, 2018). Sales tax exemptions will not 
solve the problem of diaper need, but they are a step 
in the right direction. Figure 1: Factors fueling the Cycle of Poverty 
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Child care centers require parents to 
supply diapers for their children. 
While income-based subsidies are 
provided for daycare, no program 
exists that help families afford 
diapers. This often results in children 
being turned away from daycare 
centers. As a result, 56% of low-
income parents missed an average 
of four days per month of work or 
school (CCEA, 2018). Completing 
educational programs improves 
diaper recipients’ annual earning 
potential by nearly $10,000, on 
average (CCEA, 2018). This can unlock families from the cycle of poverty. 

 

Child-care centers require parents to supply diapers for their children. While income-based 

subsidies are provided for daycare, no program exists that help families afford diapers. This often 

results in children being turned away from daycare centers. As a result, 56% of low-income 

parents missed an average of four days per month of work or school (CCEA, 2018). Completing 

educational programs improves diaper recipients’ annual earning potential by nearly $10,000, on 

average (CCEA, 2018). This can unlock families from the cycle of poverty. We see evidence of the 

disparity in diaper affordability in Figure3. Here, green dots represent distribution of care centers 

in Connecticut; red circles mark high-risk centers where there have been incidents of parents 

being turned away due to inability to provide diapers for child. The dark overlays indicate income 

levels. We can clearly see a trend in how the red circles are more closely clustered around areas 

of lower income. 

Figure 2: Share of household income spent on diapers (created from data provided by 
CEPR) 
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Figure 3: Distribution of care centers reporting turning parents away due to inability to supply diapers (red circles). Dark overlays 
indicate income levels. 

 

HEALTH RISKS  

In an effort to use fewer diapers, parents may keep their children in dirty diapers longer than 
recommended or even attempt to wash and reuse disposable diapers. Prolonged exposure to 
unsanitary diapers leads to diaper rash, yeast infections, and UTIs that oftentimes end up costing 
families more than the extra diapers would have in the first place. Access to diapers is associated 
with a 33% drop in diaper rash and $4.3 million in medical expenses statewide (CCEA, 2018). 
Furthermore, diaper need is one of the leading causes of maternal depression, especially for 
single mothers (Smith, 2018). 
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POLICY OPTIONS: EMPOWERING FAMILIES TO ADDRESS CHILD CARE NEEDS 

Our proposed plan is to expand the distribution of diapers from the central warehouse of the 
Diaper Bank of Connecticut to child care centers, where families can purchase diapers for a 
reduced price i.e a cost-effective way to embed the provision of diapers into the child-care 
system (see Figure4). 

 

Figure 4: Distribution supply chain for diapers through Child care centers 

Our cost-effective analysis (found in AppendixA) shows that diapers can be purchased at 
$0.06/diaper if purchased in bulk (>=360,000), compared to a retail price of $0.28/diaper. We 
propose initiating distribution in child care centers where, in the past, babies have been turned 
away because of the parent’s inability to afford diapers. Data analysis shows that these centers 
are mostly embedded in low-income communities. Centers that receive state child care 
assistance should also be considered. 

 

PREDICTIVE MODEL BASED ON MACHINE LEARNING 

A neural network model to identify care centers that were at risk of having to turn away parents 
because of their inability to provide diapers, was developed from survey responses (more than 
700 out of 3272) of child care providers in Connecticut combined with U.S. Census data. Eight 
variables were used in the model, including average household income, population density, and 
receipt of federal funds (see AppendixB for full list). The model has a 74.8% accuracy rating on 
the provided dataset, but requires validation on an external dataset. One benefit of using a 
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neural-network is the model can be retrained with future data, improving accuracy and learning 
new associations to better identify at-risk care centers. We also analyzed the associations 
between a center being at risk and the covariates with a logistic regression model. The diversity 
index and population density variables had statistically significant positive associations with the 
high-risk centers (p=0.012 and p=0.013, respectively). Average household income is nearly 
significant at p=0.082. A correlation matrix is presented in AppendixC. 

 

We propose three policy options for implementation. 

POLICY OPTION A  

The first option takes advantage of economies of scale to allow parents to pay a subscription of 
$9 per month to the care center for a month’s supply of diapers for use during child-care hours. 
This subscription will also go towards overhead costs of storage and distribution. Centers 
identified on Figure 3 above can be good places to start. The predictive model can identify other 
high risk child centers to expand this program whenever there is new data. 

Advantages: Parents will be relieved of the burden of being turned away from child-care, and 
disrupting their work or education. Given the concentration of families in impoverished 
communities in CT, this intervention can reach babies needing diapers effectively. 

Disadvantages: To achieve this price, initial start-up cost of $21,600 is needed. Any remaining 
overhead costs that are not paid for by this subscription is also an unknown variable.  Parents, 
with difficulties affording diapers at home, could intentionally reduce the number of diapers they 
use right before day care, in anticipation of their baby receiving diapers during day care. This 
could lead to a potential risk to child’s health (urinary tract infections). 

 

POLICY OPTION B  

The second option builds upon Policy Option A by also providing diapers for babies not only 
during the time they are in child care, but also when they are outside of it. It provides parents a 
monthly supply of diapers. 

Advantages: Parents will never have to worry about having enough diapers. Any leftover diapers 
can be redistributed to other babies within the child care center.  

Disadvantages: Child care centers might be reluctant to store so many diapers. 
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POLICY OPTION C  

The neural-network model can also be used to identify low-risk care centers. This implies that 
there could be unused diapers in the area and potentially a high yield location for running diapers 
drives. The diapers received from donations could then be used to provide diapers in high-risk 
centers. 

Advantages: The diapers would be distributed to the high risk centers for free. 

Disadvantages: Diaper drives might not yield as many diapers as expected. 

 

POLICY RECOMMENDATIONS FOR THE DIAPER BANK OF CONNECTICUT 

● Consider Policy Option C as it offers the most low-risk option, given the only resources 
necessary would be financing for transportation and volunteers. It can be implemented 
within the next week. 

● Consider Policy Option B over Option A, given the health benefits to steady diaper usage. 
● Implement an evaluative study of policy implementation, to inform the National Diaper 

Bank on how to scale up programs to different states.  
● Refine the existing predictive model using other data sets, which can be possible as the 

variables used for the model are not dependent on survey data but are objective data. 
● Continue evaluation and analysis as economic environments can quickly change, such as 

the implementation of the removal of the Connecticut diaper sales tax in July 2018. 
 

CALL TO ACTION 

● Our policies will benefit multiple stakeholders. The babies will have immediate gains of 
better hygiene and access to social development. Parents will also be less stressed and 
freed to go to work on a steady basis and the savings from free or reduced cost diapers 
will enable them to purchase other child care items, such as food. Child-care centers will 
also see increased enrollment, and so make more revenue from reimbursement from the 
government. The government will benefit from increased income tax from working 
parents and child-care personnel, which can be invested back into society. 

● The future of the next generation begins with incremental steps from a young age. By 
reducing economic and social barriers through access to diapers, we nurture their growth, 
assist in their social development, and empower them to make a difference.  
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APPENDIX A: COST-EFFECTIVE ANALYSIS 

We identified a US supplier on Alibaba.com to purchase diapers and to account for quality. 
According to sources, it has been calculated that children, on an average, use 276 diapers per 
month.  

 Wholesale Price Retail Price 

Per diaper $0.06 $0.28 
Per month (276 diapers) $16.56 $78 
Source Alibaba.com Amazon.com 

We propose two models of implementation. In both the models, we buy diapers in bulk at 
$0.06/diaper and we sell the diapers at $0.10/diaper to account for overhead costs of storage 
and distribution. 

Cost to purchase 360,000 is $21,600 and this can cater to the needs of approximately 1300 
children for a month. 

As per the dataset (MOMS ChildStudy), the average annual cost of full time child care in the 
state of Connecticut is $238/week i.e $952/month. 
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Proposal 1- The child-care center provides children diapers only while they are at the center 

Assuming, children use one-third of their monthly diaper requirement while they are in the 
center (assuming 8hours a day of time in the center); 

 Cost of diapers provided through center = $0.10 * (1/3) * 276 
         = $9.2 
 Cost of remaining diapers that parents buy from retail stores = $0.28 * (2/3) * 276 
                  = $51.52 

Thus, we add a diaper subscription cost of $9.2 to the child-care expenses ($952) and charge 
the parents $961.2. 

Proposal 2- The child-care center provides children the full monthly supply of diapers 

 Cost of diapers provided through center = $0.10 * 276 
         = $27.6 
 Cost of remaining diapers that parents buy from retail stores = $0 

 

Thus, we add a diaper subscription cost of $27.6 to the child-care expenses ($952) and charge 
the parents $979.6 

Monthly Expense Current Scenario Proposal 1 Proposal 2 

Child-care center expense $952 $961 $980 

Diapers $78 $52 $0 

Total $1030 $1013 $980 

Savings (compared to current scenario) $17/month $50/month 

Thus, we see that parents can save up to $50/month depending on the proposal subscribed to. 
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APPENDIX B: VARIABLES USED IN THE MODEL AND THEIR STATISTICAL SIGNIFICANCE 

a. CenterType: Family Child Care Home / Group Day Care Home 

b. FederalFunds: yes/no - receiving federal funds  

c. CenterSetting: Center Based Child care/ headstart-early head start, home based child care, 
other 

d. nKids: number of children at child care center  

e. Cost.wk: cost per week of attending child care center (dollars, one child) 

f. DiversityIndex: index from 1-100, 100 is high diversity  

g. AvrgIncome: average household income of the zip code of child care center 

h. PopulationDen: population density of the zip code of child care center 

Significant variables:  DiversityIndex  p=0.012  

 PopulationDensity  p=0.013  

 AvrgIncome  p>0.05 (0.082)  

To access Model, please contact policyhackathon@mit.edu. 

APPENDIX C: CORRELATION MATRIX 

 

The correlation matrix showing the relationship between the variables. 
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Changing the Data Breach Status Quo
It is now a standard business practice—and fact of life—for companies and governments to store massive 
amounts of personal data about individuals. However, that data is not often left protected to the level that it 
should be. This leaves that data vulnerable to data breaches: security incidents where sensitive information is 
accessed or used by unauthorized individuals. These breaches are a massive problem for consumer security and 
privacy.

Breaches often occur behind the scenes. The victim of a data breach may never find out unless they are informed 
by someone else, such as the organization that held their data. To address this issue, many states have passed data 
breach notification laws. These serve as a legally mandated form of consumer notification. This process is usually 
administered by a state’s attorney general.

Through this notification process, a lot of data on the cause, impact, scale, and reason for breaches has been 
created. Our challenges center around this data provided by several states and one federal agency. To our knowl-
edge, this data hasn’t been leveraged in any systematic way to generate insights about improving our response to 
data breaches.

We will provide data breach notification data from California (full-text), Wisconsin (full-text), Massachusetts 
(summary), Maine (detailed summary), and the U.S. Department of Health and Human Services (detailed sum-
mary). We will also provide a copy of the VERIS Community Database, whose aim is to “disseminate data breach 
information for all publicly disclosed data breaches.” 

The Challenge
We’ve provided a lot of semi-structured data that has remained unexplored by both policymakers and academics. 
We don’t want to limit your exploration, but as you start considering your policy paper, consider these questions:

• Are there any obvious insights can you glean from the data about the severity, cause, or business sector of 
breaches?

• Can we see a state-to-state differential in the severity, cause, or business sector of breaches?
• How would you improve the a state statute of your choice in order to provide better protections for consum-

ers? Would you change the targeting of the statute?
• Based on evidence from the reports, how would you rethink the data breach notification process to become 

more friendly to consumers? To make the process more politically feasible?
• What would you propose for a plan of future research that leverages this data, given it’s been unexplored or 

analyzed? 
• If you were to have the time to explore and analyze outside of the hackathon environment, what would you 

do?
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Federal and International Solutions for a Cybersecurity Framework  

 
Executive Summary 
This paper investigates policy options to address the frequently-occurring data breaches that 
severely threaten consumer privacy and security in recent years as it is becoming a norm for 
massive amounts of data to be employed in the daily operations of businesses and organizations. 
We suggest possible paths forward to reduce specific types of data breaches based on our 
observations and analysis of the data breach records of multiple states in the US from 2007 to 
2018. We offer a unified federal US policy framework of cybersecurity, which could become a 
springboard for international agreements or cooperation with close allies of the United States. 
Having identified vulnerable attack points in the data supply chain, we advocate raising the 
encryption standard for businesses whose activities would involve sensitive information of 
customers, regardless of the sizes of the businesses. In particular, we outline how the mandate of 
the Federal Trade Commission (FTC) to punish “unfair and deceptive” trade practices provides 
an avenue to course correct with minimal new legislation or executive action. We further suggest 
legislation granting the FTC and Department of Justice (DOJ) greater prosecutorial authority 
based on industry-wide cyber security standards developed by National Institute of Standards 
and Technology (NIST).  
 
Background 
While the Internet has provided great benefit to many people around the world, the prevalence 
and impact of data breaches have continued to grow over the last decade. The Internet creates 
unprecedented challenges in privacy protection, amassing large depositories of our most personal 
information. High-profile data breaches of recent years include the 145 million credit data leak at 
Equifax , the 70 million personal information leak at Target , the 14 million PIN number leak at 1 2

Verizon , and the 3 billion accounts at Yahoo.  3 4

 
We conducted an analysis of the frequency and breakdown of breaches across a variety of 
industries and sectors. The following co-occurrence matrix is what we obtained from analyzing 

1 https://www.consumerreports.org/credit-bureaus/equifax-data-breach-was-bigger-than-previously-reported/ 
2 
https://www.commerce.senate.gov/public/_cache/files/24d3c229-4f2f-405d-b8db-a3a67f183883/23E30AA955B5C0
0FE57CFD709621592C.2014-0325-target-kill-chain-analysis.pdf 
3 https://mashable.com/2017/07/13/verizon-data-breach/#h6xnzvjBmqqD  
4 http://money.cnn.com/2017/10/04/technology/yahoo-biggest-data-breaches-ever/index.html?iid=EL 

1 
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the VCDB dataset. At the 
department of Health and Human 
Services between 2011 and 2018, 
the vast majority of hacks happened 
electronically, and similarly for 
Massachusetts over the 2007-2018 
timeframe. In Massachusetts 
between 2007 and 2019, 47214 
encrypted servers were hacked, 
while 11037201 unencrypted 
servers were breached. At MA 
hospitals over this time frame, 81 of 
the hacks occurred on encrypted 
servers, whereas 783131 happened 
to unencrypted, and for MA banks, 
53 of the hacks occurred on 

encrypted servers, while 888060 happened to unencrypted. Based on these results, we see the 
importance of legal requirements for encryption, and make the following recommendations. 
 
Proposition 
Due to the consumer privacy threats and security violations the Internet effectuates, it is 
imperative that the federal and state governments put in place legal mechanisms to help secure 
people’s information, both preemptively and post facto. Protocols for damage control are needed 
should breaches occur and to establish legal mechanisms to properly enforce the law. Although 
the several existent laws (discussed in the following paragraphs) can be narrowly intertrepretted 
to address data breaches in certain locales, more consistency across state regulations would 
increase the effectiveness and feasibility of enforcement. On the other hand, in light of the 
inherently surreptitious nature of hacking and the rapid evolution of technology, the legal 
mechanisms we propose should allow dynamic response over time. Ultimately, the patchwork of 
laws and regulations ought be closed and standards should be set across broader regions. 
 
We suggest a federal-level disclosure requirement laws. The most prominent cybersecurity 
measures currently taken by the government happen largely at the state level and are largely 
reactive. All 50 states have disclosure laws in place compelling hacked firms to inform their 
customers in event of a breach.  However, this miscellany of laws makes their implementation 5

ineffectual and sometimes even contradictory, as varying disclosure requirements across state 

5 
http://www.ncsl.org/research/telecommunications-and-information-technology/security-breach-notification-laws.asp
x  

2 
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lines can hamper efforts of firms to disclose. For example, to quote Rachel Peters in her Arizona 
Law Review article, "So You've Been Notified, Now What: The Problem with Current 
Data-Breach Notification Laws,"  “only seven states provide a specific time frame for 
notification to consumers. These timeframes range from 5-45 days after the incident is 
discovered.  However, five of these seven states allow for the delay of statutory timeframes 
pursuant to the legitimate needs of law enforcement officials [... O]nly 14 states provide a private 
cause of action for persons injured by a breach, 7 states have notification laws which also apply 
to a breach involving paper documents, and 21 states require that an attorney general or state 
agency be notified of a data breach.” The inconsistency across state laws cause problems in 
existing the law. In California, Connecticut, Florida, Maine, Ohio, Vermont, and Wisconsin, for 
instance, a timeframe for disclosure exists, while in others, disclosure is not permitted until an 
analysis of the breach is completed. Therefore, a federal-level disclosure requirement laws would 
provide consistency across the immediate actions of companies when attacked and thus 
preventing self-contradictory actions of a firm under attack. 
 
Other cybersecurity laws already in place include the Computer Fraud and Abuse Act exists to 
outlaw data breaches but prohibits prosecution on account of negligence. Electronic 
Communications Privacy Act establishes protections for individuals form the government, but 
not private actors. The Health Insurance Portability and Accountability Act and the 
Gramm-Leach-Bliley Act provide cybersecurity protections, but only in the healthcare and 
financial industries, respectively. The Red Flags Rules of the Fair and Accurate Credit 
Transactions Act governs credit reporting. What does not exist is broad legislation to create 
principles of American cybersecurity and safety across the Internet.   6

 
We suggest the federal government create minimum requirements as benchmarks for all firms 
with an online component in their business to follow and provide relevant agencies with the 
authority to enforce the law. The power to regulate online data practice is already partly granted 
to the Federal Trade Commission (FTC), who under Section 5 of the FTC act has authority to 
regulate Internet providers. The FTC has already won numerous cases charging companies with 
violating accepted standards for data handling or computer security, such as Equifax in 2013.  7

Directing the FTC to prosecute violators more aggressively and seek heftier fines that actually 
punish large firms would be a small, nature course correction. We recommend providing more 
more support to the FTC for leveraging its authority to file suit against companies engaged in 
unfair and deceptive practices as part of a federal cybersecurity policy.  
 

6 Peters, Rachael M. "So You've Been Notified, Now What: The Problem with Current Data-Breach Notification 
Laws," Arizona Law Review vol. 56, no. 4 (2014): p. 1171-1202. 
7 https://www.ftc.gov/news-events/press-releases/2013/03/ftc-approves-final-order-settling-charges-against-equifax 

3 
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To make a suggestion on the minimum requirements to set as a benchmark, we believe a 
reasonable vehicle for developing standards related to cybersecurity and protection of data is 
through NIST, which possesses the expertise, seasonable knowhow, and adaptability to follow 
cryptographic innovations as they develop. NIST has a well-established history of not only 
creating but also updating standards for encryption , data protection , and cybersecurity.  The 8 9 10

FTC should be granted concrete authority to enforce NIST standards on industry and the 
Department of Justice thorough powers to prosecute criminal hackers. We recommend tailoring 
regulations to those firms possessing either large amounts of data or sensitive data, which would 
include financial, information, social security numbers, and personal health information. What is 
key here is that the law target all those connected to the Internet, not just data companies. In the 
Target hack of 2013, even though Target had met industry cybersecurity standards, data was 
exposed because Targets customers’ financial information had been exposed to a small HVAC 
company that had not abided by proper cyber safety practices.  We insist that regardless of 11

whether a firm is a data firm or a financial institution, it should be regulated to apply industry 
level encryption if it comes into contact with sensitive personal data--passwords, PIN numbers, 
access codes for financial accounts, medical information, health insurance information, routing 
numbers with access code or password, unique biometric data (such as fingerprints), and 
individual Taxpayer Identification Numbers, as currently broadly defined by 25 states.   12

 
We suggest a legal mechanism where NIST sets a cybersecurity standard as a lower bound on the 
level of data protection a firm that must adopt. Then NIST would be responsible for gradually 
raising the lower bound as new technology evolves. For instance, cybersecurity may be 
dramatically undermined in the near future by quantum computing, yet NIST is already currently 
working to write quantum cryptographic standards, which should be followed.  We recommend 13

the federal government subsidize the adoption of new cryptographic rules by firms, investing the 
proper resources to do so, and grant proper powers to enforcement agencies like the FTC and 
DOJ.  
 
The global community should work together to address cybersecurity as well. there is no way to 
localize it. High-profile breaches like the WannaCry hack have targeted millions of users around 
the world, and Internet cybersecurity is inherently an international problem. The European Union 
has shown a strong proclivity for Internet regulations with the passing of the General Data 

8 https://csrc.nist.gov/publications/detail/fips/140/2/final 
9 https://nvlpubs.nist.gov/nistpubs/legacy/sp/nistspecialpublication800-122.pdf 
10 https://www.nist.gov/cyberframework/draft-version-11 
11 
https://www.commerce.senate.gov/public/_cache/files/24d3c229-4f2f-405d-b8db-a3a67f183883/23E30AA955B5C0
0FE57CFD709621592C.2014-0325-target-kill-chain-analysis.pdf 
12 Peters, Rachael M. "So You've Been Notified, Now What: The Problem with Current Data-Breach Notification 
Laws," Arizona Law Review vol. 56, no. 4 (2014): p. 1171-1202. 
13 https://csrc.nist.gov/Projects/Post-Quantum-Cryptography 
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Protection Regulation (GDPR). The GDPR requires firms to save “basic identity information 
such as name, address and ID numbers, web data such as location, IP address, cookie data and 
RFID tags, health and genetic data, biometric data, racial or ethnic data, political opinions, and 
sexual orientation” along with a anti-monopolistic crackdown on big data firms.  Given the 14

United States’ disinclination to impose further regulation at this political moment, our suggested 
policies only include baseline regulations for firms who handle sensitive personal data. This 
more light-handed touch should be more amenable to American firms who already have to adapt 
to the regulatory standards in Europe.  
 
We strongly encourage the United States federal government to enter into negotiations with its 
closest allies--the EU, Canada, Japan, South Korea, and Australia--to form international 
cybersecurity standards. The US should bring the standards we recommend above as the 
springboard for its position in trade negotiations. Although the current US government is 
disinclined to enter multilateral trade, we believe other countries should proceed anyway. From 
our study of the issue, we believe that closing the patchwork of cybersecurity laws is critical to 
properly addressing the issue, both between states and between countries.  
 
We propose the formation of an Association of Software Engineering Ethics (ASEE). This 
association should provide registration for software engineers who will sign to claim that they 
abide by ethical standards in software engineering, which include data analysis. This way, 
hackers who illegally or improperly acquire data, who are not registered with ASEE, will find it 
much harder to resell the data they have stolen. The establishment of the ASEE might help 
software engineers to self-regulate, enforce ethical norms in their community, and blacklist those 
who do not meet ethical standards. 
 
Conclusion 
 
Ultimately, we propose that the US laws should be updated to do the following: Mandate that all 
firms that handle sensitive personal data should meet basic standards as set by NIST. The FTC 
should be given authority to enforce these standards, and the DOJ should be given authority to 
prosecute hackers who subvert them. The US should then take these standard into international 
negotiations with its partners to begin to set global standards. With these updates in place, proper 
cybersecurity and cryptographic standards can mitigate the egregious data breaches that continue 
to cause problems in America and around the world. 

14 
https://www.csoonline.com/article/3202771/data-protection/general-data-protection-regulation-gdpr-requirements-d
eadlines-and-facts.html 
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Transportation
CHALLENGE STATEMENT

Reducing Travel Time in Congestion Hot Spots
Global Transportation systems are rapidly evolving to cater to the evolving needs of populations and integrate 
rapidly emerging Technologies. In order to stay ahead of the curve, in Massachusetts, Governor Baker appointed 
a Commission by Executive Order to advise the administration on the future of transportation in Massachusetts 
that sensibly accounts for impending disruptions due to changes in technology, climate, demographics and more. 

The Governor named 19 members with a range of backgrounds and skill sets to serve as unpaid members of 
the Commission, which will be chaired by Governor Baker’s former Chief of Staff, Steven Kadish. The Secretary 
of the Executive Office of Energy and Environmental Affairs and the Secretary and CEO of the Massachusetts 
Department of Transportation will serve as ex officio members. The Commission is charged with making recom-
mendations based on its understanding of the 2030-2040 timeframe.

The Commission is setting out to perform its work in three parts: 1. Facts/Trends, 2. Plausible Scenarios, and 3. 
Recommendations and Guidelines to the Governor and other decision-makers. The Commission is to look out 
to 2040 as it considers its work. For the scope of its work, transportation includes people, freight, and possibly 
information.

Commission members will focus on at least five key areas anticipated to have a dramatic impact on transporta-
tion in the future:

• Climate and resiliency;
• Transportation electrification;
• Autonomous and connected vehicles, including ride-sharing services;
• Transit and mobility services; and
• Land use and demographic trends.

The Challenge
Given the context above, the Commission on the Future of Transportation would like to propose the following 
challenge. The topic of the challenge is road congestion. We have identified 10 congestion hotspots on roads in 
Massachusetts. The goal is to reduce the variability in travel time, predominantly by reducing congestion during 
peak hours, on these hotspots.

For this challenge, you will choose one of the 10 congestion hotspots.

• Use the Google Maps API to determine the variability in travel time of trips going through your chosen 
hotspot.

• Model the potential impact of current trends in the transportation and urban systems on the travel time dis-
tribution of your chosen hotspot in the future.

• Propose a policy solution to reduce congestion/variability in travel time in your chosen hotspot. Use a quan-
titative model to estimate the potential impact of your solution.
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TransporTitans	
Executive	summary	
Peak	time	congestion	toll	strategy	can	be	an	effective	mechanism	to	reduce	congestion	on	road	
systems	by	incentivizing	travelers	to	use	high	density	modes	of	transportation.	The	Texas	
Transportation	Institute	survey	of	437	urban	areas	in	2005	found	that	over	2.9	billion	gallons	of	
fuel	were	wasted	by	congestion.	It	was	a	total	of	4.2	billion	hours	of	lost	time	stuck	in	traffic	
costing	$78	billion	in	2005.	On	average,	peak	period	travelers	spend	an	extra	38	hours	of	travel	
time	and	consume	an	additional	26	gallons	of	fuel.	This	amounts	to	a	cost	of	$710	per	traveler	year	
or	around	$60	a	month.	A	decade	later,	the	problem	has	only	grown	worse	and	congestion	control	
must	be	prioritized.	
	
Our	project	focuses	on	the	demand	side	of	congestion	management	and	our	goal	is	to	achieve	a	
better	transportation	for	Kendall	Square	in	the	future.	Kendall	Square	witnesses	great	growth	
opportunities,	such	as	an	agglomeration	of	high-tech	companies,	bio-tech	firms,	pharmaceutical	
corporations	and	startups.	To	cope	with	high	demand	of	the	commuting	and	mobility	in	the	future,	
we	would	like	to	adopt	policies	that	focus	on	the	demand	side	of	long-distance	travel,	as	we	
identified	most	of	the	current	commuters	come	of	the	outskirts	of	the	Greater	Boston	Area.	One	
major	set	of	policies	we	recommend	is	regarding	congestion	charging:	1.	We	propose	an	
incremental	toll	fee	on	the	identified	key	arteries	during	peak	hours	as	congestion	charging.	2.	We	
recommend	Multiple	Occupancy	Vehicle	Lanes	to	adopt	a	less	priced	toll	fee,	as	a	way	to	
incentivize	people	to	choose	a	higher	efficient	travel	mode.	3.	We	want	to	emphasize	the	equity	
aspect	of	our	program	and	subsidize	low	income	people	with	cheaper	transit	options.	The	reason	
for	the	series	of	policies	is	that	we	want	to	nudge	people’s	behavior	from	single	occupancy	car	use	
to	multiple	occupancy	car	use	and	transit	use,	in	order	to	alleviate	congestion,	to	promote	
healthier,	cleaner	and	more	sustainable	transportation	future.	
	
Background	and	intent	
The	goal	of	this	policy	is	to	improve	driving	experience	by	reducing	congestion	to	Kendal	Square	
during	peak	traffic	time.	We	have	chosen	to	target	Kendal	Square	first	as	we	see	it	as	an	area	that	
is	rapidly	growing	and	very	attractive	to	businesses.	We	hope	to	expand	the	list	to	include	Logan,	
Seaport,	and	Longwood.	Using	google	maps	we	are	able	to	identify	historical	areas	of	congestion	
and	the	times	of	those	congestions.	We	believe	that	if	more	drivers	used	public	transportation	
available	in	the	area,	including	Metra,	MBTA	buses	and	train	systems,	they	would	be	able	to	
reduce	congestion	and	also	arrive	at	their	destinations	faster.	For	example,	if	a	person	lives	in	
Reading,	MA	and	is	traveling	to	Kendal,	they	can	either	ride	their	car	at	8	am	and	arrive	at	their	
destination	in	50	min	(best	case)	to	an	100	min	(worst	case)	due	to	congestion.	This	tells	us	that	
taking	public	transportation	is	a	viable	solution	and	that	it	should	be	encourage.		
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Figure1:	travel	time	from	Reading	to	Kendall	by	Car	
	

	
Figure2:	travel	time	from	Reading	to	Kendall	by	Commuter	Rail	
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We	intend	to	propose	congestion	charging	on	some	main	artery	roads,	to	discourage	people	to	
drive	on	some	of	those	already	congested	roads	and	possibly	shift	to	public	transit.	We	therefore	
identified	neighborhoods	that	have	most	commuters	go	to	Kendall	Square	during	weekday	AM	
peak	hours.	The	data	of	OD	is	from	the	city	of	Cambridge.		
	

	
Figure3:	All	trips	to	Kendall	-	top	20%	areas	(AM	peak)	
	
Most	commutes	take	place	at	the	outskirts	of	Boston.	Some	neighborhoods	have	access	to	transit	
services	but	high	car	usage.	Those	neighborhoods	deserve	most	attention	and	the	interstate	
highway/highway	that	connect	Kendall	and	those	neighborhoods	would	be	potential	routes	to	
have	congestion	management.	
	
Route	I-93,	95,	1,	90,	128,	28,	3	are	targeted	arteries	that	we	want	congestion	charging	to	be	
implemented.	Some	of	those	already	have	tolls	established,	so	it	will	be	easy	to	pilot	the	
congestion	charging	program	there.		
	
Policy	Options	
This	section	elaborates	more	on	policy	analyses,	implementation	and	trade-offs.	First,	we	
acknowledge	that	because	of	loss	aversion,	people	would	present	little	willingness	to	accept	
congestion	pricing.	To	make	the	public	be	aware	of	the	benefits	and	more	inclined	to	approve	
congestion	charging	in	politics,	the	government	should	make	it	clear	that	the	congestion	charging	
is	a	necessary	step	to	shift	people’s	demand	on	car	to	other	available	modes,	in	order	to	alleviate	
congestion.	The	advocacy	strategies	should	in	particular	focus	on	groups	that	first,	currently	use	
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transit	to	commute,	since	the	revenues	from	congestion	charging	will	be	designated	to	be	invested	
in	improving	transit	services.	Therefore,	people	do	not	lose	one	mobility	choice	due	to	a	higher	
cost	of	driving,	but	alternatively	they	receive	benefits	from	using	the	other	mode.	Second,	the	mid-
high-income	people	should	be	targeted.	The	congestion	charging	may	be	less	salient	to	those	
people	and	they	would	be	happy	to	enjoy	a	free	flow.	There	are	definitely	people	who	are	less	
willing	to	be	charged	more,	including	people	who	have	to	be	rerouted	to	avoid	the	extra	charging.	
But	to	create	incentives,	we	introduce	the	“credit”	idea	that,	at	the	beginning	of	every	month,	
people	are	given	10	credits	in	their	EZpass;	if	they	avoid	the	peak	hours	(identifiable	7-9	am	and	
5-7	pm),	their	credits	will	not	be	affected.	But	if	they	travel	within	peak	hours,	1	credit	will	be	
deducted	from	the	credit.	After	all	the	credits	are	used,	every	time	people	pass	the	toll	during	peak	
hours,	their	EZpass	will	be	charged	for	a	congestion	charging.	We	think	that	offering	people	with	
credits	first	will	make	people	feel	bad	about	losing	the	given	points	and	thus	be	more	responsive	
in	shifting	their	travel	time,	if	possible.	The	trade-off	of	the	credit	idea	compared	to	the	baseline	
congestion	charging	without	credit	offering	is	that	the	credit	system	is	much	more	complicated	to	
illustrate	to	the	public	and	the	government	may	collect	less	amount	of	revenue	as	credits	offered	
cancel	off	10	times	of	single	congestion	charging	revenue.			
	
Another	policy	variation	is	about	dynamic	pricing—meaning	the	congestion	charging	fee	is	not	flat	
but	a	real-time	fee	reflected	by	the	entire	transportation	network.	If	the	baseline	congestion	
charging	requires	community	advocating,	marketing	and	advertisement,	the	dynamic	pricing	
requires	more	information	providing	and	broadcasting	so	that	drivers	know	the	real-time	pricing	
and	then	make	route	decisions.	The	dynamic	charging	may	occur	not	limited	to	designated	roads,	
but	roads	citywide	that	witness	congestion	during	specific	times.	For	example,	if	a	major	event	
takes	place	in	Fenway,	a	dynamic	pricing	with	high	surge	price	may	take	place	after	the	event	in	
the	surrounding	neighborhood.	This	would	disincentify	people	from	driving	cars	to	the	events—
spending	much	time	finding	a	cheap	parking	spot	and	spending	a	great	extra	in	congestion.	
	
We	emphasize	the	difference	of	single	occupancy	vehicle	and	HOV,	to	create	greater	incentives	for	
people	to	share	the	space	and	resources.	In	the	future	scenarios	of	Autonomous	Vehicle,	the	AVs	
will	make	the	first-mile/last-mile	pick	up	and	drop	off	more	easily.	Another	aspect	to	highlight	is	
equity.	We	do	not	want	to	merely	impose	more	fees	to	people	who	already	spent	a	great	deal	of	
their	salary	on	commuting.	We	want	to	make	sure	that	people,	especially	low-income	people,	will	
have	enough	mode	choices	even	after	the	congestion	charging	is	imposed.	The	recommendation	is	
that	we	make	congestion	charging	half	price	and	50%	discount	of	commuter	rails	for	people	of	low	
income.	This	amount	of	subsidies	should	come	from	the	revenue	of	congestion	charging	as	well.	
Low-income	people	can	apply	for	the	special	discounts	with	documents	and	therefore	a	
“waiver”/”sensor”	will	be	installed	in	their	EZpass.	
	
Conclusion	
Congestion	charging	is	an	effective	way	of	managing	congestion,	though	it	has	drawbacks	on	
public	acceptance.	It	is	necessary	to	define	a	clear	revenue	distribution	scheme	and	make	it	
incremental,	to	have	people	believe	the	money	back	into	transit	system	and	mobility	equity	will	
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benefit	them	in	the	long	run.	Our	recommendation	is	not	limited	to	Kendall	only,	but	applicable	to	
the	larger	Boston	areas	that	face	rapid	growth	and	congestion	problem.		
	
	
Emails	
hisingh1@gmail.com	
rishpark1@gmail.com	
lixinhui90@gmail.com	
xuenan19@gmail.com	
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Team: Better Boston 
Team Members: Rakesh Sridhar, Gabriel Wolofsky 
Date: April 7, 2018  
 
Policy Definition:  
 
This policy is designed to create a congestion-free, car-free, and carbon-neutral Kendall (CFK) 
that uses innovative urban planning and transportation principles to achieve a safe, equitable, 
healthy, and clean environment for all. Kendall is already one of the hottest hubs for innovation 
in the US, and this policy will make Kendall the pioneering example of human-centered cities 
that are truly futuristic in nature. 
 
Specifically, the policy will strive to achieve the following goals:  

1. Provide a congestion-free environment that promotes activity and well-being; 
2. Create a pedestrian-friendly landscape that is safe to navigate and stimulates creativity; 
3. Ensure equitable distribution of benefits whilst also providing high levels of accessibility 

and convenience to the differently-abled;  
4. Reduce the harmful emissions and negative climate externalities from transportation thus 

creating a clean and healthy atmosphere for all;  
5. Emphasize the importance of human-centric design in creating livable, urban 

neighborhoods.  
 
Data Analysis: 
 
Congestion, in its simplest form, can be interpreted as the additional stress placed on the system 
that prevents it from operating at its most efficient state. For a transportation system, congestion 
is usually measured in terms of increase in travel times, emissions, and accidents.  
 
Specifically looking at the Kendall area, the major transportation means providing access to 
Kendal Square are MBTA’s Red Line service and the dual arterial roads of Main Street and 
Broadway. Major restaurants and office spaces are all located in these roads making them the 
prime destination in this area. Residential areas are located beyond Binney Street and Volpe 
Centre which act as boundaries for East Cambridge.  
 
Specific challenges of Kendall: 

1. Kendall is highly constrained geographically with very limited space available for 
development of affordable housing as well as transportation infrastructure. Consequently, 
most employees are forced to live far from the area and are forced to use capacity-limited 
infrastructure, thus creating the vicious cycle of congestion.  

2. The labyrinth of narrow roads leading up to Kendall makes it very confusing and 
challenging to bike or walk around. Since the streets are designed for vehicles, there are 
numerous traffic intersections where bikers and pedestrians are forced to wait for long 
periods of time making both these modes unattractive and user-unfriendly.  

3. The lack of supply in parking spaces leads to very high parking fees limiting the viable 
transportation modes for most employees to public transit. The Red Line train serving 
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Kendall Station has been historically capacity-challenged, and the difficulty in expanding 
capacity has made the commuting experience unpleasant for most users.   

4. During the winter time, tall buildings on both sides of Broadway and Main Streets funnel 
huge drafts of cold air into the Kendall Area making it highly inconvenient to be outside 
and to enjoy breathing fresh air, thus reducing the comfort and creativity indices of 
inhabitants.  

5. Because of high real-estate prices and rents, there are only a few convenience stores, 
grocery shops, and shopping malls in the area. This creates a demand for residents as well 
as employees to travel away from Kendall even if it was to eat lunch or buy essentials.  
 

Apart from these existing challenges, there are several major trends in the Kendall area which 
make it more and more unsustainable, unless proactive transportation and urban planning 
policies are implemented from the beginning.   
 

1. The Volpe Centre area of 14 acres is being redeveloped to include more housing, offices, 
and commercial establishments. This is expected to bring in a lot more commuters 
creating additional stress on an already congested transportation system.  

2. The usage of ride-hailing is already very significant and is only expected to increase as 
the congestion increases on the transportation system; the ease and convenience of 
operating autonomous vehicles are further expected to increase congestion as they can 
drop-off their owners and drive around/away creating additional traffic.  

3. Electric vehicles are expected to gain popularity as well and come with their unique 
constraints in terms of necessity for recharging infrastructure and longer idle times when 
they’re being recharged.  

 
Given these challenges, some unique to Kendall and some general, in our proposal, we look at a 
representative sample of commuters residing in East Somerville and working at the Kendall 
Square. Currently, these commuters are forced to take a circuitous public transit route – first, 
using the Orange Line service to Downtown Crossing, and then transferring onto the Red Line to 
reach Kendall station. This creates inconvenience not only to the East Somerville residents but 
also places additional stress on Downtown Crossing which is already the busiest station in the T 
network. The current estimate of travel time is about 21 minutes as shown below:  
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It can be easily seen that the walking times are comparable with the travel time on the train, 
however, walking for 30 minutes is beyond the comfort limit for most people.  
 
Findings and recommendations:  
 
Based on the analysis of the Kendall area above, we are recommending creating the CFK - a 
circular, cordoned-off area in Kendall with a radius of 1 mile where there is restricted access to 
private and commercial vehicles. 

 
CFK refers to a car-free Kendall and is a first of its kind mixed-use development and 
employment hub.	CFK is a shared space where pedestrians rule, restaurants are a plenty, and 
most important there are no cars threatening your personal safety. A parking lot at Bunker Hill 
Community College will swallow up vehicles and spit them out into autonomous shuttles, 
electric-assisted bikes, and pedestrian highways.  
 
The land near the Bunker Hill Community College (BHCC), near the I-93 and the MBTA 
Orange Line Community College T Station, provides a prime location for Kendall bound 
commuters to converge. Gilmore Bridge and Edward H Land Blvd will be converted into a 
multi-lane green highway where there are dedicated lanes for bikers, pedestrians, and 
autonomous electric shuttles. A range of mobility instruments such as electric-assisted bicycles 
and Segways will be available free of charge for users to travel between the BHCC parking lot to 
CFK. The parking lot will have separate areas for AVs and PVs: AVs will be parked in a 
efficient, hyper-dense arrangement to maximize space efficiency. 
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To provide equitable access to all, the differently-abled will be allowed to drive into CFK but 
with a strictly imposed speed limit of 5 miles per hour. Once they are at their destination, on-
demand valet drivers will drive their vehicles to the BHCC parking lot as vehicles are prohibited 
from parking in the CFK.    
 
In the CFK area, there will be shielded bike paths with space-efficient curtains on both sides 
which save the bikers from cold winds. The curtains also double up as a space for murals and 
creative arts. The bike paths will be covered with solar panels which generate electricity during 
the day, and supply on-demand heating at night when bikers pass through certain sections. All 
the hubways will be retrofitted with electric assists, seat warmers, and handle bar warmers 
making biking very attractive. There will be strategically-located public showers for bike 
commuters to freshen up before reporting to work.  
 
The opening and closing times will be staggered and different for offices, schools, and 
restaurants. This will distribute the peak hour demand over a larger time window, thus reducing 
congestion on the network. There will be a monthly competition to select the offices with the 
most number of employees who commute to work on public transit and will be awarded 
discounted T-passes as an incentive.  
 
There will be a central package consolidation center where all the mails for the zipcodes in 
Kendall area arrive to. From the consolidation centre, a conveyer system will be used to deliver 
the packages to individual buildings. For bigger and urgent demand, an autonomous freight 
drone system will be employed to serve the need. Major buildings will be incentivized to host 
drone pads (similar to helipads) to which the consignments can arrive before getting distributed 
to the Kendall area.  
 
Impact of recommendations:  
 
Going back to our case of commuters from East Somerville to Kendall, we calculate their new 
travel times. 
 
Attribute Status Quo MBTA High Frequency Shuttle 

Frequency 4 minutes 4 minutes 

Travel Time 21 minutes  6 minutes (-15 minutes) 

Passengers per AM Peak 173 173 + 

Cost per Passenger Unknown <$0.70 each 
 
*Current demand: taken from MBTA OD data, Orange Line North of Community College to 
Kendall demand during AM Peak. 
*Assuming 3 shuttle buses running during AM Peak  
 
From the MBTA repository, we have OD data of 173 rides per AM peak period 



139

 
Time Savings:  
 
Travel time using the shuttle to CFK: 5 minutes  
Travel time using existing Orange line and Red Line to Kendall: 21 minutes  
 
Frequency:  
 
Assuming a 12-minute cycle time for the buses, we can operate the buses with a 4-minute 
headway – which is as high a frequency as the Red Line and higher than any other transit service 
in Boston.  
 
Cost:  
 
The cost of running transit is primarily the cost of the driver. Assume costs are $20/hr for a 
driver. To operate 3 buses per hour, we assume $60/hr in wages. With 173 passengers in peak 
period (which is over 2 hours), the cost per passenger is only $120/173 = $0.70 per passenger. 
This calculations is before accounting for demand from parkers whose fee to support shuttle 
would come from parking cost and induced demand because of service improvement.  
 
 
Challenges and Opportunities:  
 
The major solution in our policy is the tool of urban planning to mitigate congestion and provide 
for a futuristic city in Kendall. However, urban planning, unlike technological driven changes, is 
very challenging because of the necessity to obtain approval from various stakeholders before 
implementing it. Given the young, vibrant population of the Kendall area with very progressive 
mindsets, it may be easier to obtain stakeholder approval.  
 
Restricting vehicular access to central parts of a city is unheard of in the United States and is 
expected to have significant backlash. However, demonstrating the benefits of the program (such 
as reduced travel time and improved health) can bring together even the most pessimistic views 
to create a truly car-free Kendall. Usage of simplified models will go a long way to convince 
various stakeholders and obtain their support.  
 
In many ways, Boston is a truly pioneering city in the United States, and it is time for Boston to 
show yet again that innovative, data-driven thinking can change the World for the better, and 
CFK is the first step towards that.  
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To:  Governor’s Commission on the Future of Transportation in the Commonwealth 
From:  MIT Policy Hackathon Team J2PAC 
Date:  April 8, 2018 
RE:  Accessibility as the measure of success for the future of the Boston Seaport 
 
 

Executive Summary 
 
Problem Statement: To leverage the potential of the Seaport District as a leading exemplar of diverse and 
sustainable development for the twenty-first century through innovative mobility solutions. 
 
The world is on the cusp of a revolution in transportation. Not since the age of the Ford Model T has society faced 
the advent of new technologies with potential to radically transform how we travel and experience our cities. In 
Massachusetts, the Office of the Governor is looking to understand impending disruptions in climate, technology, 
and society, and has formed a Commission on the Future of Transportation to inform future policy-making. A triple 
revolution—towards shared, electrified and autonomous mobility paradigms—may help address the negative 
impacts of urban congestion, but immense uncertainty exists surrounding such future scenarios of transportation. 
 
Areas with the most to gain from this revolution may be the centers of innovation in the City of Boston. The 
Seaport District, the fastest-growing area in the Commonwealth1, is a salient example of a region facing 
unparalleled economic growth, but its transportation network has not adapted to the influx of residents and jobs. 
With ever-growing inequality, Boston is faced with the challenge of ensuring economic growth leaves no one 
behind. 
 
This policy brief proposes a series of interventions to further economic development by providing more equitable 
and sustainable mobility options for the community seeking to live, work and play in the Seaport. For illustrative 
purposes, the three proposals are presented in the form of scenarios to emphasize the potential for the policy 
intervention: 
 

1. Equity of Access: All residents deserve access to opportunity. This scenario seeks to minimize 
disparities by race and class in access to the Seaport through enhanced connectivity to areas currently 
underserved by rapid transportation, notably in Dorchester, Mattapan and Hyde Park. 

2. Housing: The best transportation solution is a land use solution. This scenario emphasizes a reduction in 
future commuting distances by providing more affordable and diverse options of housing in the Seaport 
District through zoning and developer incentives. 

3. Transportation Demand Management: Setting maximum single-occupancy vehicle trips promotes 
access by alternative modes such as transit, biking, and walking. This scenario leverages travel demand 
management strategies including parking management, road pricing and adoption of shared-trip 
autonomous mobility technologies to shift towards higher-occupancy, lower-carbon and healthier travel. 

 
While the scenarios are presented in the context of the Seaport District, each is designed to be applicable to 
many of Boston’s growth centers, and are complementary to each other; none is mutually exclusive. 
  

                                                 
1VHB. South Boston Waterfront Sustainable Transportation Plan. January 2015. Retrieved from: 
https://www.massdot.state.ma.us/Portals/17/docs/Studies/SBostonWaterfrontFullReport_jan2015.pdf. 
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The Seaport in Context 
 
What is now known as the Seaport District has gone through a series of transformations. This area first became 
an industrial development hub with the advent of the railroad and manufacturing demands of the Civil War2. But 
for much of the late 20th century, Seaport became an area of abandoned warehouses and desolate parking lots. 
In the early 21st century, urban infrastructure development and the introduction of Silver Line Bus Rapid Transit 
(BRT) led Seaport to become more accessible and open for new opportunities3. With new infrastructure unlocking 
access to the district, the Seaport has evolved from a brownfield into a hub of scientific, hotel, and financial jobs, 
with 4,100 new residents and 7,700 new jobs added from 2000-2013. Through 2035, it is expected that an 
additional 9,200 residents and 23,000 jobs will be added, totaling over 17 million square feet in new 
development4.  
 
Choking on its Own Growth 
Such growth has given the Seaport the title of fastest growing area in the state. Along with this distinction comes 
the challenges of a transportation system operating near capacity. The road network has become heavily 
congested, with significant truck movements and cut-through commuter traffic. The transit system is overtaxed, 
lacking enough Silver Line buses to support frequent service. Furthermore, poor bicycle and pedestrian 
accommodations limit the attractiveness of non-motorized travel, with wide streets and highway connections 
detracting from the urban realm. As a result of limited transit connectivity, almost half of all travel to and from the 
Seaport occurs via car. This contrasts with nearby Downtown, where only 14% drive alone5. As shown in Figure 
2, transit trips comprise over a quarter of all travel, and bicycling rates remain marginal at 3%. With future 
development, peak-period trips to and from the Seaport District are expected to increase by 63% through 2035. 
As the surrounding roadway network lacks capacity to handle such an increase in vehicle traffic, this growth can 
only be accommodated through increases in transit, shared rides, and non-motorized travel. The Plan estimates 
that in 2035, no increase in transit mode share will occur; instead, walk trips comprise the entire increase in non-
motorized mode share.  
 
The Seaport: Accessible to Whom? 
Given the radial nature of the MBTA network, only trips starting or ending in the downtown core are well 
accessible via rapid transit. The Seaport, southeast of downtown, does not offer a one-seat ride to most transit 
riders. Figure 1 illustrates this limited accessibility, showing locations that can be reached within 20, 30 and 45 
minutes of the Seaport via MBTA at peak hours. Two takeaways can be gleaned from these figures. First, while 
many jobs are included within these areas, current transit service does not provide access to a similarly sizable 
number of potential workers. Table 1 shows that at a 20 minute threshold, jobs outnumber workers by a ratio of 
19-to-1. Even at 45 minutes, over twice as many jobs are accessible via Seaport as are workers. While an 
employment hub understandably features high job density, the mismatch indicates a lack of mixed-use 
development incorporating housing for local workers.  
 

                                                 
2 The Development of Boston’s Innovation District. (n.d.). The Intersector Project. Retrieved from http://intersector.com/wp-
content/uploads/2015/10/The-Development-of-Bostons-Innovation-District.pdf 
3 Baker, Matthew R. The Rise of the Seaport. The Boston Magazine. 5 July 2012. Retrieved from https://www.bostonmagazine.com/2012/07/05/rise-
seaport-district-boston/ 
4 Jessen, Klark. South Boston Bypass Road Six-Month Pilot Program Ends. 18 February 2016. Retrieved from 
https://blog.mass.gov/transportation/massdot-highway/south-boston-bypass-road-six-month-pilot-program-ends/ 
5 Go Boston 2030. Retrieved from https://www.boston.gov/sites/default/files/document-file-03-2017/go_boston_2030_-_3_boston_today_spreads.pdf 
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The second takeaway from these maps is that accessibility is unevenly distributed across the city. Most visibly, 
the area to the west of the red line south of Boston, including parts of Dorchester and Mattapan, are excluded 
from convenient access to the Seaport. In comparison with the geographic distribution of minority populations 
across Boston, it becomes clear that the Seaport is most accessible to a higher-income, predominantly white 
population. Within the Seaport itself, the area lacks in diversity of race and income levels. Only 3% of residents 
are African American, while 89% are white. Further, the district has the highest median household income of any 
Boston ZIP code6 (Boston Globe, 2017). 

20 MIN 30 MINUTE 45 MINUTE 
 
Figure 1. From left to right, isochrones indicating accessibility of locations to Seaport District that can be reached within 20, 30 
and 45 minutes via MBTA service at weekday peak hours7. 

 
Table 1. Jobs and workers accessible from the Seaport via public transit at different time thresholds. 

 Jobs Workers Job-to-worker ratio 
20 minutes 173,000 9,300 19:1 
30 minutes 401,000 67,000 6:1 
45 minutes 710,000 283,000 2.5:1  

 
 
 

 
 

Figure 2. Commute mode share for trips to/from/within Seaport District (2013)8. 

 
Work and Residence in the Seaport Today 
To guide the development of recommendations, two main datasets relevant to demographic, transportation, and 
employment trends in the Seaport area were referenced. The first was the LEHD Origin-Destination Employment 

                                                 
6 Ryan, Andrew. A brand new Boston, even whiter than the old. The Boston Globe. December 11, 2017. Retrieved from: 
http://apps.bostonglobe.com/spotlight/boston-racism-image-reality/series/seaport/. 
7 Stewart, Anson. COAXs - Accessibility-based stakeholder engagement tool; web applet. 2018. Retrieved from: http://coaxs-
boston.herokuapp.com/#/maps.  
8 VHB. South Boston Waterfront Sustainable Transportation Plan. January 2015. Retrieved from: 
https://www.massdot.state.ma.us/Portals/17/docs/Studies/SBostonWaterfrontFullReport_jan2015.pdf. 
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Statistics (LODES) dataset based on 2010 Census Blocks.9 The second was the MBTA Origin Destination 
dataset10, which quantifies average ridership between stops. The data shows that there is demand for more public 
transit options in the Seaport, especially for commuters from the suburbs, that will only rise as population and 
businesses continue to move into the area. To visualize the current flow of commuters, the top 100 Census tracts 
were identified with people who work in the Seaport mapped against MBTA stops and the MBTA ridership today 
for trips with a final destination in the Seaport11. 
 
Motivated by the need to improve accessibility to the Seaport and foster equitable and inclusive economic growth, 
the following are three proposals for consideration. 
 

Scenario 1: Equity of Access 
 
All residents deserve access to opportunity. This scenario seeks to minimize 
disparities in access to the Seaport through enhanced connectivity to areas 
currently underserved by rapid transportation, notably in Dorchester, 
Mattapan and Hyde Park. 
 
The economic success of the Seaport should be judged not only by the 
number of jobs it attracts, but on its breadth and diversity of employment. One 
important way to achieve this is by unlocking access to the Seaport from 
currently underserved communities. It is therefore proposed that the 
neighborhoods of Readville, Mattapan, and Dorchester be better connected to 
the district through an upgrade of the Fairmount commuter rail line. As shown 
in Figure 3, the Fairmount line connects many communities of color with 
Boston’s South Station.  
 
While promising steps have been taken to leverage this line for intra-city 
travelers (such as fare harmonization with local service), headways of 40-50 
minutes at peak and one hour off-peak severely limit the attractiveness of the service. Less than two-thirds of the 
line’s ridership occurs at peak periods (compared to the MBTA commuter rail average of 80 percent), indicating 
that the line is serving a broader population than only nine-to-five commuters.12 
 
It is suggested that:  

a) The Fairmount line should be upgraded to all-day service with close to rapid-transit frequency;  
b) Fares should be integrated with MBTA local service with free transfers to/from subway and local buses; 
c) Off-peak service should be offered at close to peak-period levels. 

 

 
Scenario 2: Housing First 
 
The best transportation solution is a land use solution. This scenario emphasizes a reduction in future commuting 
distances by providing more affordable and diverse options of housing in the Seaport District through zoning and 
developer incentives. 
 

                                                 
9 U.S. Census Bureau. 2018. LEHD Origin-Destination Employment Statistics Data (2002-2015) Washington, DC: U.S. Census Bureau, Longitudinal-
Employer Household Dynamics Program. 
10 Massachusetts Bay Transportation Authority. GTFS Origin Destination Data. Fall 2016. https://www.mbta.com/developers/gtfs 
11 Appendix: Seaport Commuter Flow and public transit vs. driving time 
12Levy, Alon. Boston’s Fairmount Line Could Be a National Model for Commuter Rail, But It’s Not There Yet. Streetsblog USA. July 31, 2017. Retrieved 
from: https://usa.streetsblog.org/2017/07/31/bostons-fairmount-line-could-be-a-national-model-for-commuter-rail-but-its-not-there-yet/comment-page-1/ 

Figure 3. Fairmount line (highlighted) 
service upgrades can significantly 
improve access to the Seaport among 
communities of color. 
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The Seaport District has attracted thousands of new jobs, but the supply of housing has not kept pace with 
development. While innovation hubs such as Kendall Square have been able to house a moderate proportion of 
the workers employed in the area, only a paltry 1% of those working in Seaport live in the district13. This is 
indicative of a severe lack of housing options for low and middle-income households. The typical Seaport resident 
today is a young, single professional without dependents14. Boston has made worthy efforts through inclusionary 
zoning to provide some affordable units in the Seaport15, but at nowhere near the scale required.  
 

In an effort to thwart gentrification and provide housing to a broader spectrum of workers, the Seaport should take 
measures to increase the amount and mix of affordable housing options for low and moderate income 
households. This would enrich the urban fabric by fostering a more diverse and inclusive community. Most directly 
relevant for the Commission, however, this would also address traffic congestion by providing substantially more 
Seaport workers with the option of living near their job, converting them from drivers to pedestrians, cyclists and 
local transit riders. To fund this strategy, inclusionary zoning requirements and linkage fees for developers can be 
increased, justifiable on the basis of immense property value increases in the Seaport district16. An emphasis on 
value sharing, in which the public skims part of the appreciation of property values, is a well-tested approach to 
affordable housing provision.  
 

Finally, as housing options are expanded in the Seaport, it is imperative that services and amenities, including 
nearby schools and daycares, are incorporated as part of a holistic plan that will ultimately pay dividends in 
creating a more vibrant—and less congested—community.  

 
Scenario 3: Transportation Demand Management  
 
Setting maximum single-occupancy vehicle trips promotes access by alternative travel modes such as transit, 
biking, and walking. This scenario leverages travel demand management strategies including parking 
management, road pricing and adoption of shared-trip autonomous mobility technologies to shift towards higher-
occupancy, lower-carbon and healthier travel. 
 
As the build-out of the Seaport continues, the potential exists to shift a significant portion of new travel demand 
towards shared and non-motorized modes. This is imperative to reduce congestion and create a livable, human-
scale environment attractive to new workers and residents. Travel demand management (TDM), urban design 
strategies and emerging technologies can all facilitate this shift, and should be used in tandem to reduce the 
drive-alone mode share.  
 
Setting an aggressive mode-share maximum of 25% trips by single-occupancy vehicle for all new developments 
will align the incentives of all stakeholders to achieve these targets. Adopting a district-wide Parking and 
Transportation Demand Management (PTDM) ordinance, similar to that of the City of Cambridge, would require 
developers to reduce their parking provision and incentivize alternative modes of transportation (e.g. through 
increased investment in programs offered by the Seaport Transportation Management Association (TMA)).  
 
Travel behavior change strategies, like those recently piloted at MIT, could combine parking pricing reforms with 
creative transit pass products to encourage flexible commuting choices17. A successful model might stipulate 
penalties for that businesses unable to achieve minimum mode shifts.  

                                                 
13 The reciprocal measure is that 11% of those living in the Seaport District work there, and these tend to be overwhelmingly high-income workers. U.S. 
Census Bureau. 2018. LEHD Origin-Destination Employment Statistics Data (2002-2015) Washington, DC: U.S. Census Bureau. 
14 VHB, 2015. 
15 Logan, Tim. More Boston neighborhoods seeing affordable housing units. The Boston Globe. August 9, 2017. Retrieved from: 
http://www.bostonglobe.com/business/2017/08/08/more-boston-neighborhoods-seeing-affordable-housing-
units/8CafFI2DhBEAZLqOuRLOUL/story.html 
16 Acitelli, Tom. Boston Waterfront vs. Seaport District: How their prices compare. Curbed Boston. February 16, 2017.  Retrieved from: 
https://boston.curbed.com/2017/2/16/14628628/boston-real-estate-waterfront-seaport  
17MIT has reduced its parking demand close to ten percent through an aggressive program of transit benefits, including a free LinkPass to all 
employees, alongside parking reforms that eliminate monthly or annual permits in favor of daily pay-as-you-park pricing to eliminate sunk costs. 
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Thinking towards the future, a traditional PTDM strategy should be considered in tandem with innovative models 
of mobility pricing. With the nascence of connected and autonomous vehicles, new technologies are emerging to 
facilitate dynamic charging based on congestion, vehicle-miles traveled, and even curb space usage. The latter 
should be emphasized as e-commerce and ride-hailing comprise a rapidly increasing share of road trips, and the 
value of curb space supersedes that of parking spaces in urban centers.   
 
The Seaport has built an identity as an innovation hub, hosting the first testing area for autonomous vehicles. It is 
critical that policies are adopted such that shared trips taken by autonomous vehicle are maximized and SOV and 
“zombie” trips are minimized. Though happening fast, current wisdom suggests that fleet ownership of AVs is a 
far better policy pathway toward shared trips than personal vehicle ownership. 
 
APPENDIX 
 
Identifying the opportunity for mode switch  
LODES and MBTA OD datasets analyzed to identify the census tracts with most trips to the Seaport.  
 

 
Figure A1. Census tracts with most trips to Seaport 
 
As it is evident from Figure A1, most of the car traffic is originating from areas which are in close proximity of 
public transit. Despite this proximity, the travel times by public transit are on average 32 minutes longer compared 
to driving (Figure A2).  
 



148

 7 

 
Figure A2. Distribution of additional commute time by public transit compared to driving, for the top 100 census 
tracts to Seaport  
 



149



POLICY PAPER

Blue Team

Aditya Shastri
Revanth Korrapolu
Jaidev Phadke

ad.shastri1@gmail.com
rkorrapolu@gmail.com
jaidev.phadke@gmail.com

Transportation 2030



151

MIT Policy Hackathon 

 

Blue Team - Aditya Shastri, Revanth Korrapolu, Jaidev Phadke 

 

A hallmark of Boston is its organic ambiance. Unlike other cities, such as the 

coldly planned hubs of the Midwest, Boston maintains a neighborhood feel. This 

fundamental element of Bostonian history and culture however, comes with a host of 

tradeoffs in efficiency and productivity, and consequently, welfare. While it is 

romantic to contemplate the “cow path” history of the city’s streets, the 

desynchronization and lack of coordination in Boston’s transit planning is not as pretty 

a thought. Nonetheless, concerted efforts to capitalize (and grapple with) new trends 

in the transportation sector have the capacity to reinvigorate movement in the city. 

To tackle Boston’s congestion, our team has considered solutions that (1) recognize 

the major funding limitations of MBTS and the Department of Transportation (2) 

modernize, rather than bulldoze, existing infrastructure (3) use new platforms to 

reduce the burden on established public transport (4) compensate for the potential 

damaging effects of growing technologies, like Transportation Network Companies 

(TNCs) and autonomous vehicles, and (5) make use of proven policy instruments like 

rules and inducements. We believe that any policy proposal should concurrently 

address the impending advances in transportation technology while offering 

immediate responses to the congestion issue.  
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The Seaport: A Transportation Time Bomb 

Authors: Rob Kerth, Aaron Myran, Ihsaan Patel 

The Seaport’s Importance to Boston 
 
The South Boston Waterfront, underdeveloped for years because of its inaccessibility to 
downtown, is now a desirable and rapidly growing commercial hub.  Already it accounts for 
more than 10 percent of the commercial square footage in the greater Boston area, and office 
space there rents at above-average rates for the region, indicating strong demand.   1

 
Unlike other high-demand commercial hubs, the Seaport also has plenty of room to grow, with 
estimates of the remaining potential for construction showing that less than half the office space 
the neighborhood has the potential to host has been constructed to date.  This future growth is 
both a crucial opportunity for Boston to keep expanding its economy, and a threat to destabilize 
the region’s transportation network as more workers need to commute to an area currently not 
adequately integrated into the region’s transit network. 
 
Congestion at the Seaport 
 
In 2017, Boston moved up one spot to No. 7 on the list of most congested areas in the U.S., 
with drivers spending 60 hours annually in traffic during peak time periods — 3 percent more 
time than the previous year, according to the INRIX Global Traffic Scorecard. That amount of 
time stuck in traffic cost Boston drivers an average of $2,086 last year and cost the city $5.7 
billion — up from $2.95 billion in 2016.  Innovations in transportation like ride-sharing only 2

threaten to worsen the problem, as a recent study found that ~59 percent of all ride-hailing trips 
are putting more cars on the road. 
 
The Seaport District in particular is growing so fast that officials are predicting a transportation 
crisis if not addressed, with Mayor Menino predicting that the area's transportation infrastructure 
would reach its capacity by as early as 2025.  In its full build-out, the Seaport will have more 3

than double the number of workers it has today.  Estimates of the impact of this expansion see 
the number of vehicle trips to and from this already congested area increasing by 51% - using 
modeshare assumptions that we find to be unjustifiably optimistic.   In particular, as Figure 1 4

illustrates, the South Boston Waterfront Sustainable Transportation Plan assigns the walking 
mode share of the Seaport based on area-wide survey data, failing to take into account that the 
Seaport is less walkable than the area as a whole. Public transit, meanwhile, will be in excess of 
its capacity even at its current modeshare in the built-out scenario.  
 
As a heavily commercial district, the Seaport sees traffic in and out almost entirely during peak 
times, meaning that expansions in the district’s workforce are more or less entirely added to the 
congestion of the region’s transit system at its busiest times. 
  

1 JLL, Boston Office Insight Q4 2017 
2 INRIX 
3 https://boston.curbed.com/2013/8/16/10207808/seaport-district-might-suffer-the-same-fate-as-city 
4 South Boston Waterfront Sustainable Transportation Plan, VHB, January 2015 
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Figure 1: Walkability of the Seaport contrasted to Suffolk County overall 

 
Commuting to and From the Seaport 
 
We identified the Seaport region as two full census tracts and part of a third in the South Boston 
Waterfront region, and analyzed the sources and lengths of commutes to that area, contrasting 
the lengths with commutes in Suffolk County as a whole.  
 
Seaport commuters originate from throughout the Boston metro area, but are particularly 
clustered in South Boston, Dorchester, Cambridge/Somerville, and along the Orange Line - all 
areas well served by heavy rail to downtown. 
 
Whereas in Suffolk County as a whole over 20% of commutes originate within a short distance 
of the office, facilitating walking, in the Seaport the comparable number is less than 15%.  
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Figure 2: Origins of Daily Commutes to the Seaport 
 

 
 

Figure 3: Sources of Congestion to and From the Seaport
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Using the Google Maps API, we estimated travel time and distance to / from the Seaport from / 
to various locations in the Boston Metropolitan area for various times (3am, 8am, 6pm) and 
days of the week (Wednesday and Saturday). We then divided the maximum travel time by the 
minimum travel time to create a congestion metric to identify the specific locations where 
congestion is problematic. Specifically, we chose 110% as the cutoff threshold for problematic 
congestion (shown in red). As the figure shows, most of the congestion is from people traveling 
to the Seaport from the south of Boston, particularly those areas closer to the city. 

 
Figure 4: Lack of Transit Options 

 
 
We also used the Google Maps API to compare transit travel times to vehicle travel times. As 
the chart above indicates transit is uncompetitive with vehicle travel times to the Seaport 
regardless of where trips originate from or terminate. 

 
Recommendations 
 
Unless significant policy changes are made, the primary mode of transportation will continue to 
be cars for the ever increasing number of commuters to the Seaport. This increase in cars will 
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only further worsen congestion both in the Seaport and the Boston area as a whole costing 
commuters and the city precious time and money.  
 
Nevertheless, we believe the basic building blocks are in place for policies that effectively shift 
commuter demand to public transit. Specifically, most commuters do live around one of the 
MBTA’s heavy rail and commuter lines. The primary problem for those commuting to the 
Seaport is the last mile from downtown, for which the Silver Line has currently proved to be 
inadequate. 
 
To improve this last mile connectivity, we suggest the following policies: 

● Increased Silver Line Headways 
● Dedicated Lanes for the Silver Line 
● Explore additional transit lines to the area, particularly from Ruggles and South Boston 
● Stimulating residential development in the Seaport, through re-zoning and tax incentives 

 
All of these options could be paid for by a congestion tax that would also discourage additional 
vehicles in the area. 




