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1. Executive Summary

The purpose of this report is to highlight the numerous challenges in the municipal bond market
that serve as impediments to retail investing. The solution proposed uses “mini-bonds” that
integrate blockchain technology, thereby democratizing the market, lowering both issuance and
trading costs and increasing secondary market liquidity.

e Municipal bonds are known to be an attractive investment due to their tax benefits, low
volatility and negligible default risk.

e However, excessive rents in both the primary and secondary markets of municipal bonds
limit their effectiveness in capital formation and investing.

e In the primary market, high issuance costs decrease the amount of capital that can be
deployed by municipalities.

e From a secondary market perspective, minimum denominations, illiquidity and
asymmetric information cause high commissions to be imposed on investors. This
ultimately creates entry barriers for small, retail investors.

e The current solution designed to address this issue are mini-bonds, which are small
denomination municipal bonds.

e However, mini-bonds have not yet been widely adopted throughout the financial industry,
primarily due to the physical delivery required and marketing challenges.

e To increase retail investor demand in municipal bonds, blockchain concepts can be
combined with mini-bonds to create a permissioned blockchain platform that issues
“muni tokens” through smart contracts.

e This blockchain platform would eliminate centralized -clearinghouses, remove
unnecessary entities from the issuance process and create a more liquid secondary
market.



2. Introduction

The municipal bond market has an aggregate value of $3.8 trillion, making it the 4th largest
fixed-income market in the United States (Muni Facts, 2019). Out of all financial investments,
municipal bonds are considered to be one of the most socially impactful; funding from these
bonds jumpstarts projects in state, local and township governments, thereby directly influencing
a large majority of the nation’s population.

However, numerous challenges currently plague the primary and secondary markets of municipal
bonds, affecting both municipalities and retail investors. High issuance costs have decreased the
amount of capital that can be deployed by municipalities, and may threaten the quality of
infrastructure projects. Additionally, frictions such as minimum denominations, illiquidity and
asymmetric information lead to barriers to entry for retail investors, and excessive rents for
industry players such as broker-dealers.

For years, solutions have been hypothesized to democratize the municipal bond market and to
provide retail investors with the ability to invest. Mini-bonds, which are low-denomination bond
offerings typically below $500, have been adopted by many cities as a way to increase retail
participation. However, due to frictions in the issuance process, mini-bonds have not been widely
adopted by the finance industry.

To address this problem, we propose a combination of blockchain concepts and mini-bonds in
order to create a permissioned blockchain platform that issues “mini-tokens” through smart
contracts. This platform would reduce frictions, lower costs and create a more liquid secondary
market, thus enabling retail investors to reap the benefits of municipal bond investing.

3. Benefits of Municipal Bond Investment

A municipal bond is a debt security issued by a state, municipality or county to finance its capital
expenditures, including the construction of highways, bridges or schools (Chen, 2019). In 2018,
the municipal bond market had an aggregate value of $3.8 trillion, roughly one-third that of the
corporate bond market (Muni Facts, 2019). There are, however, many more issuers of bonds in
the municipal market. For example, there are 10,000 corporate bond issuers compared to 50,000
municipal bond issuers. Furthermore, municipal bonds can be complex or simple, depending on
the underlying characteristics of the security -- for example, bonds with attached calls, sinking
funds, credit enhancement, etc (Harris, Piwowar, 2006). Thus, the municipal bond market is an
important source of capital in the economy for local and state governments, as it offers a wide
selection of securities from which investors can choose.



There are two general types of municipal bonds: general obligation and revenue. A general
obligation bond is backed solely by the issuing entity’s taxing power, such as property taxes or
general funds. A revenue bond, on the other hand, is one that is repaid from a specific revenue
stream, such as the construction of a new interstate highway tollbooth. Due to the uncertainty of
the revenue stream itself, revenue bonds are typically seen as riskier than general obligation
bonds (Chen, 2019).

Municipal bonds offer a plethora of benefits, such as tax-savings, low volatility and low default
risk, that attract investor funds. These benefits have allowed the municipal bond market to
become one of the largest in the world, and also one of the most socially impactful. The ability of
municipalities to effectively deploy capital ultimately depends on the level of demand from both
institutional and retail investors.

Tax-Exempt Status

Both institutional and retail investors are attracted to municipal bonds for their beneficial tax
implications. The majority of municipal bonds are exempt from federal taxes, and can also be
free of state and local taxes under certain circumstances. For example, an investor that purchases
a bond from his or her own state will be exempt from state income taxes. The capital gains tax
and other little-known taxes, such as the de minimis tax and alternative minimum tax (AMT), are
often still imposed on municipal bond investors (Howard, 2019). However, in general, municipal
bonds enjoy a more favorable tax treatment than other securities.

Low Volatility

Municipal bonds are also considered to be one of the safest assets to invest in. During turbulent
periods in the stock market, municipal bonds offer protection from widely variable returns.
Because of this, they are often included in many investors’ portfolios to increase diversification
and reduce risk.

Low Default Risk

When compared to corporate bonds, municipal bonds have considerably lower default risk.
Bonds issued by entities such as cities, counties and state governments experienced a near 0%
default rate from 1970 to 2015 (VanEck, 2017). Additionally, only a few sectors of municipal
bonds, such as housing and hospitals, accounted for almost 70% of all defaults.

Even though municipal bonds may be attractive to investors because of their favorable
characteristics, there are a number of challenges municipalities face when raising capital.



4. Current Challenges

Despite the benefits highlighted above, excessive rents may be available to those involved in
municipal bond primary and secondary markets. Due to their importance and greater bargaining
power in these markets, investment banks and broker-dealers are able to levy high fees for their
services. These costs trickle down to both municipalities and investors. For municipalities, high
issuance fees reduce the total amount of capital that can be deployed for various projects. From
an investor perspective, trading commissions are high because of illiquidity, lack of information
and transaction costs. These commissions negatively affect the net return on investments and
may cancel out the tax-free benefits. In total, many of these challenges may undermine the
effectiveness of municipal bonds as a form of capital formation.

These frictions begin with the issuance process and continue once the bonds begin trading.
Below is a discussion of how new bonds are issued and the institutional details of the secondary
trading market, with an emphasis on the costs to retail investment.

4.1 Primary Market

The municipal bond issuance process is rather complex and involves several different entities.
Exhibit 1 highlights that as many as 10 different external agents can be involved in a single
issuance. For the sake of brevity, an explanation of the parties pertinent to our argument are
provided in Appendix 9.1. As the appendix highlights, the players that impose the greatest cost
on municipalities are the municipal advisors, underwriters, bond counsels and rating agencies. In
aggregate, they represent more than 83% of all the costs involved in the issuance process.

Based upon a study conducted by the Haas Institute at the University of California at Berkeley,
the average cost of issuing municipal bonds from 2012 to 2015 was 1.02% of the total issuance
principal. Out of the 812 issuances included in the study, however, there is significant variation
from this average, with some entities paying as much as 9% of the principal for the entire
issuance process (Joffe, 2015). A complete breakdown of all the costs from the municipal bond
issuance process is shown in Exhibit 2. As previously mentioned, the majority of costs stem from
the municipal advisors, underwriters, bond counsels and rating agencies.

For many of the issuing municipalities, these costs can be in the millions of dollars. In total,
issuance costs for municipal bonds in the United States are estimated to be $3-4 billion annually.
Higher fees mean that there is less money available for capital deployment, and the quality of
some municipalities’ infrastructure may suffer. These costs are particularly significant for
smaller issuers -- such as poorer, rural governments -- and may act as a deterrent for those
municipalities to enter the bond market (Joffe, 2015).



In addition, the minimum capital required to invest in municipal bonds is $5,000, essentially
preventing the majority of retail investors from entering the market. In addition, underwriters
find selling to retail customers prohibitively expensive. Assume that a municipality is intending
to raise $100 million. It is much easier and certainly less costly for an underwriter to place the
issue with 10 institutional customers who each purchase $10 million, than with 10,000 smaller
retail customers who each purchase $10,000. Thus, there is a disincentive to place a significant
portion of the issue with retail customers.

4.2 Secondary Market

Previously issued municipal bonds are traded in a dealer dominated, decentralized
over-the-counter (OTC) market. At the center of this network is a small number of highly
interconnected dealers. These dealers handle the majority of order flow in the secondary market.
In addition, there are around 2,000 sparsely connected peripheral dealers that are located at the
edge of the network structure.

Central dealers consistently achieve faster trade execution than their peripheral counterparts by
utilizing well-established trading networks. These networks offer immediate access to clients and
more information about which securities are available and who wants to trade them -- resulting
in shorter intermediation chains. Additionally, central dealers are able to trade on a principal
basis, meaning they take the bonds into inventory. In contrast, peripheral dealers take the time to
pre-arrange a trade by finding counterparties beforehand, resulting in slower execution speeds
(Li and Schiirhoft, 2019).

The structure of the dealer network makes trading in the secondary market expensive for the
retail investor because they get “crowded-out” by large institutions and lack easy access to
pre-trade information, resulting in higher transaction costs. Harris and Piwowar (2006) analyze a
sample of 167,000 municipal bonds from 1999 to 2000 to discover the primary sources of
transaction costs in the secondary market. They show that contributing factors include trade size,
credit quality, instrument complexity, and counterparty search costs. For retail-sized trades under
$20,000, effective spreads average about 2% of the price compared to less than 1% for
institutional-size trades of $200,000 (Harris, Piwowar, 2006).



Llliquidity

One issue that affects all investors is that following the initial distribution period, it is extremely
common for a bond to trade infrequently. According to a 2012 SEC document titled “Report on
the Municipal Securities Market,” around 99% of outstanding municipal bonds did not trade on
any given day in 2011 (United States). Because of this illiquidity, investors are often forced to
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take “haircuts’” if they sell their bond prior to maturity. This can ultimately lead to lower

portfolio returns and can nullify the tax and creditworthiness benefits previously mentioned.
Asymmetric Information

While large institutions are connected to the central dealers, and thus have more information
available to them and can achieve faster execution speeds, retail investors lack the same kind of
knowledge. Therefore, they have far less bargaining power to reduce transactions cost when
trading. Additionally, retail investors must rely on dealer quotes to gain pre-trade pricing
information. Many of these quotes are available on municipal bond alternative trading systems
(ATSs) — electronic venues where dealers post quotes, request quotes, and execute trades.
However, Craig, Kim, and Woo (2018) explain how only subscribers to the ATSs can view the
information, which is limited to a small group of market participants. As a result, while dealers
may use available quote information to negotiate prices with customers, retail customers
generally do not have direct access to quote information when negotiating prices with dealers.
This lack of transparency and the resulting information asymmetry between dealers and
customers is one of the main drivers for high transaction costs.

These costs ultimately reduce investor returns and can therefore be an important factor in
deciding which type of security to purchase. Explained further in Appendix 9.2, there are
initiatives in place to provide pre- and post-trade pricing data to retail investors, in hopes of
increasing transparency and reducing asymmetric information among dealers and customers.
However, the extent of their success is still an outstanding issue.

5. Retail Investment in Municipal Bonds Through Mini-Bonds

The market frictions highlighted above make encouraging retail investment in municipal bonds
challenging (Backman, 2018; MSRB, 2018). A study by the Municipal Securities Rulemaking
Board (MSRB) -- an entity responsible for overseeing the municipal securities market -- finds
that since 1970, market makers have commonly preferred high-denomination municipal bonds to
target large institutional investors (MSRB, 2018). The market convention of high-value

12 The difference between the intrinsic value of an asset and the final selling price due to illiquidity



offerings, i.e. over $5,000, effectively excludes small investors from participating in both the
primary and secondary markets.

In order to tackle these challenges, various municipalities such as the cities of Cambridge,
Denver, and Vancouver started offering low-denomination alternatives. The following sections
will discuss in more detail the concept of mini-bonds, the issuance processes employed by cities,
and additional socioeconomic benefits of offering mini-bonds.

5.1 Low-Denomination Bond Offerings (Mini-Bonds)

A mini-bond is a type of bond offering with a denomination typically smaller than $5,000
(Syndicate Room, 2019). While the characteristics of mini-bond offerings vary by municipality,
they retain similarity to other high-denomination municipal bonds. While no municipal
mini-bonds have identical terms, typical characteristics include a maturity between three to five
years with regular interest payments (Syndicate Room, 2019).

The issuance process of mini-bonds is another important differentiating factor. In a traditional
municipal bond issuance, cities work with investment banks to handle the issuance of
high-denomination bonds. The bond is held in the name of the brokerage firm, and individual
investors’ names are recorded in a book i.e. book-entry form. This is called a brokerage model
(Fu, 2018). However, due to the complexity of municipal bond offerings and counterparty search
costs, the brokerage model does not allow for a cost-effective issuance of small denomination
bonds (Fu, 2018). Instead, cities assume the administrative responsibilities for issuance,
including marketing and processing the bonds directly for retail participants. To assist cities in
handling these responsibilities, private firms such as Neighborly'® serve as the broker-dealer for
the physical issue of mini-bonds. Many municipalities rely on these private firms when offering
mini-bonds, including the City of Cambridge, one of the mini-bond case studies discussed below.
While there are system challenges in issuing mini-bonds, many small municipal projects may
only be funded using the mini-bond model (Orcutt, 2018).

5.2 Socioeconomic Benefits of Mini-Bonds

In contrast to the high-value municipal bond, mini-bonds have been used by a variety of cities to
fund smaller municipal projects that the high-denomination bond structure does not allow. These
smaller projects are often more effective in city-building and enable sustainable incremental
development (Orcutt, 2018). Small denominations also have the potential to allow a larger pool
of retail investors to invest in bonds, many of whom may wish to engage in socially responsible

13 Read more about Neighborly in Appendix 9.4



investing. A study conducted by the University of Cambridge shows that geographically-based
financial instruments have increased the participation of local retail investors in providing capital
to municipalities (Rau, 2016).

While the economic success of the issuance is an important aspect of municipal projects, the
social impact of the securities offering plays an important role in the long-term investment
success within a city. With the increased interest of retail investors in socially responsible
investing (Connaker and Madsbjerg, 2019), municipalities may be overlooking an important
source of sustainable capital: members of their own community. Because municipal bond
proceeds are often used to finance highly important local projects such as hospitals, affordable
housing, nursing homes, and infrastructure, members of the community are typically motivated
to help fund the projects (Schueth, 2003). In addition to the tangible financial returns, municipal
bond investors also play an important role as a participant in the improvement of the community
through their investment. Thus, by offering low denomination mini-bonds, retail investment may
increase and municipalities will reap the benefits provided by additional funding.

5.3 Implementation of Mini-Bonds

Mini-bonds are not new and have been sporadically used since the late 1800°s in New Orleans
(Axelrod, 2018). Despite this, the issuance of mini-bonds is still not a common practice and has
not been widely supported by traditional brokerage models. Three offerings (highlighted in
Appendix 9.3) in the cities of Cambridge, Denver, and Vancouver, show cases of successful
mini-bond projects and highlight several benefits of offering low denomination bonds. The bond
offerings in each of these cities were all completed within a very short period of time, from a few
minutes to a few days. This evidence supports the claim that there is significant demand for
low-denomination bonds from retail investors and that the municipal mini-bond market is a
viable one to pursue.

While a number of mini-bond offerings were successful, they still face many challenges, namely
the lack of an infrastructure suited to mini-bond issuance. Cities creating mini-bonds require
processes that differ from those currently offered by investment banks. These may include new
logistics and management of retail sales, marketing and other issuance operations. For example,
to have successful retail sales, online portals must be utilized to allow order submissions by a
large group of investors. At this time, the cities that have conducted a mini-bond offering have
issued physical bonds that are mailed to investors -- a process that is highly inefficient.

10



5.4 Blockchain and Mini-Bonds

Major frictions to mini-bonds exist in the issuance, management, and marketing process of
mini-bonds for retail investors. Since there have been few cases of mini-bond offerings,
established market makers to facilitate this process do not exist. Due to the high cost of setting
up new market makers and relevant human-based trading platforms, the blockchain offers an
opportunity to automate and minimize human-related costs in the establishment of a new
mini-bond market (Amante, 2018). The process of setting up a mini-bond market and the
required functionality to trade those bonds can be programmed into a smart contract (described
in section 6.2). Thus, it is a market that can most benefit from new technology implementation,
such as blockchain. After realizing the success of mini-bond programs in other cities and the
challenges of creating a platform for customers to purchase the bonds, the city of Berkeley
sought to incorporate the blockchain into their municipal bond issuance. However, the process is
currently under review and blockchain solution has not been implemented'*.

6. Blockchain Technology Applied to Mini-Bonds

For municipal bonds, a private blockchain network is a possible solution to resolve some
inefficiencies. A private and permissioned blockchain allows for permissions to regulate how
parties can transact, would reduce issuance costs by removing certain entities involved in the

issuance process, and may eliminate asymmetric information problems in the secondary market.

6.1 Proposed Solution

In order to successfully transition the municipal bond issuance process onto the blockchain,
smart contracts need to be utilized.

Smart contracts are code that can execute and enforce the terms of the agreement'”. Smart
contracts are able to use the computational power of blockchain to distribute the assets once the
contract conditions are met.

Another feature of the proposal is to use a permissioned blockchain where a centralized figure
acts as an administrator who determines who is able to join the network and their respective
permissions. In this situation, this could be delegated to a role that Citibank plays or a similar
entity. By offering mini-bonds on the blockchain, some of the entities currently involved in the
traditional issuance process may be completely eliminated.

14 Read more about the city of Berkeley in Appendix 9.3
15 Read more about Smart Contract in Appendix 9.6
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Beginning at the start of the issuance process, the issuers and municipal advisors upload new
“muni token” contracts and to accept a price bid transaction. They code the term structure of the
new “muni token” and upload it to the permissioned blockchain. Once sent, it must wait to
receive a credit rating from the agencies on the network. The rating agencies must assign a
“grade” transaction to the “muni token” to determine the risk of default by the token’s issuer.

Each node on the network has a unique private key to identify themselves and provide relevant
details. The issuer’s details may include: municipal government background, financial
statements, debt liabilities, sources of funds for repayment, etc. The rating agency can use this
information and any other outside material needed for their rating. Once a credit rating is
determined, the rating agencies send the “rating” transaction request to the “muni token” address.
The token is created, which in turn invokes a new transaction request with the newly assigned
credit rating of the “muni token.”

At this point, the contract is visible to underwriters on the network and they are able to send
pricing bids to the issuer within a specified time frame. This bid will state both the interest rate
paid to investors and the amount of compensation to the underwriting group for selling the
bonds. After the time period for bidding has ended, the issuer sends an ‘“accept” to the
underwriter who has the winning bid. Once the transaction has been accepted by both parties, the
underwriter and issuer are locked in on this contract and must await the other nodes on the
network to approve the token agreement.

The next step is to have the underwriter and issuer counsels both confirm the issuer’s authority to
issue the bonds and attests to the validity and enforceability of the tokens. Although smart
contracts act as a legal contract, having an outside third-party ensure these are legal contracts in
the eyes of the law may give investors additional reassurance about the validity of the terms. The
counsels will send an “approval” transaction stating that token is a legal obligation of the issuer.

The blockchain overcomes the need for either physical delivery of paper certificates or
book-entry recording of securities. By distributing the “muni tokens” on the blockchain, the
proof of ownership is immutable once purchased. This removes the reliability of a third-party
organization keeping track of which investors own which particular bond(s). By removing the
central clearinghouse from the process, the fees originally required to print and mail paper
certificates or pay for recordkeeping will be eliminated.

The trustee who is responsible for transmitting principal and interest payments to the investors,

as well as maintaining records of the investor is no longer needed. With the use of smart
contracts, the investors are paid the specified interest once a certain time period is reached. Also,

12



the blockchain maintains an immutable record of the investors all the way back to when the
“muni token” was created.

6.2 Benefits of the Blockchain

There are multiple parties involved in the process of creating a bond and all of those parties need
different levels of permission to perform their duties. The ability to create different levels of
permissions is one of the main advantages of a private and permissioned network. Some of those
parties, such as a bond rating agency, only need permission to update the rating of the bond.
Other agencies such as the issuer and bond advisor would need permissions that enable them to
create and distribute tokens.

There are a number of other benefits that could be generated by using the blockchain for
issuance. For example, the current system of issuance requires that each bond have a unique
Committee on Uniform Security Identification Procedures (CUSIP) identification number
(MSRB). When tokens are generated, they will each have their own unique hash value that can
act as an identifier. Therefore, CUSIP numbers will not be needed if the distinctive hash value is
used to identify the newly created token. This will eliminate the fees required to be paid to the
Committee on Uniform Security Identification Procedures.

Furthermore, the use of blockchain as a platform for the municipal bond market would likely
disrupt the dealer network structure that currently exists. By extrapolating from the experience of
the trading of OTC derivatives market implemented on the blockchain , it is possible to make
reasonable assumptions about how the blockchain would function in the secondary market for
municipal bonds given the similarities between them. Both markets are over-the-counter and
decentralized, with broker-dealers involved in most of the order flow due to the high search
frictions and transaction costs. Ryan Surujnath (2017), hypothesizes that parties in a blockchain
derivatives transaction would submit bids and asks as usual. However, the use of the blockchain
would lessen the role of dealers. It would make it possible for parties to send a “bid or ask”
transaction and upload bids or asks directly to specific municipal token addresses on the
blockchain. The blockchain could then be programmed to automatically match the ask with the
corresponding highest bid.

In addition, parties could also take advantage of the anonymity provided by the blockchain,
rather than relying on dealers to match buyers and sellers together. Since the data about
transactions is public to those involved in the network, there will be a reduction in asymmetric
information in the market. By eliminating the search frictions that currently exist in the
municipal bond market as well as trading transparency;, it is reasonable to assume that transaction
costs would likely be reduced, thereby making the market more efficient.

13



7. Remaining Challenges

While a permissioned blockchain platform that issues “muni tokens” solves frictions in the
municipal bond market, some challenges remain. First, there is no clear solution for successfully
marketing mini-bonds to prospective investors. The lower transaction costs as a result of the
digital processing of bonds will be irrelevant without significant consumer demand/traffic. The
viability of this idea is solely dependent on the assumption that municipalities can make
consumers aware of this financial product.

Additionally, the platform will only reach its full potential in an ecosystem where all market
players adopt similar blockchain technologies. Because there will always be a need for
third-party entities such as credit rating agencies, there could exist adoption frictions.

Lastly, automating municipal bond markets with blockchain technology will result in
infrastructure investment costs for market players. While there is not an exact estimate of this
cost, it could be significant depending on the type of blockchain application adopted and the
associated computing power required for each transaction.

8. Conclusion

The municipal bond market faces several major challenges, including illiquidity, asymmetric
information, high issuance costs and high transaction costs. These market frictions are attributed
to the structural inefficiencies driven by the market’s preference toward large institutional
investors. This predilection has led to the market convention of high-denomination bond
offerings, creating entry barriers for small retail investors. As a result, the brokerage model
employed by the current market makers is optimal only for the large institutional players
investing in large municipal projects. In these recent years, some cities have begun to realize the
importance of small municipal projects and socially responsible investment for the long-term
success of municipal development. Mini-bond issuances have become an outlet for several cities,
with a number of successful projects proving the viability of a mini-bond structure. This requires
different market structures and platforms that will allow for low-denomination bond offerings.

This paper suggests the use of private and permissioned blockchains as a solution for the existing
frictions relating to mini-bonds. These frictions include the high cost of setting up a new market
maker and the corresponding human-based trading platform. While the type of blockchain
proposed in this paper can be applied to the larger municipal bond market, its application on the
mini-bond market could yield the highest benefit, as the lack of established infrastructure means
low switching costs for the market.

14



While a blockchain-applied municipal mini-bond structure presents exciting opportunities and
benefits to municipal issuers and retail investors, there are still challenges that have not been
tackled, including retail marketing of mini-bond sales, costs due to the computing power
required for blockchain solution, and third-party technology adoption in the issuance and
transaction process.
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9. Appendix

9.1 Municipal Bond Primary Market Agents

Municipal Advisor

The issuing entity calls upon a municipal advisor, who assists in the debt and capital planning
process. Additionally, the advisor develops requests for proposals and qualifications for
underwriters, bond and disclosure counsels. An advisor acts in a fiduciary capacity, meaning that
it must keep the issuing entity’s best interest a priority.

Underwriter

The underwriter, which is typically a large investment bank, often guarantees proceeds at closing
and obtains funds from investors after conducting “roadshows'®.” The underwriter is crucial in
the pricing of the bond itself. In many cases, the lead underwriter of the issuance also manages
the affairs of the underwriting syndicate, which disperses the risk among multiple investment
banks.

Bond Counsel

The primary purpose of the bond counsel is to deliver legal opinion to the issuing entity. Due to
the complexity of the issuance process, the bond counsel must draft numerous documents
regarding bond resolution, indenture, loan agreement and other financing. Additionally, it
provides guidance in properly following tax law and ensures the tax-exempt status of the bonds.

Rating Agencies

The goal of rating agencies is to assess the credit quality of bonds and to ensure that consumers
have adequate information before investing. These agencies have an extremely important role, as
their ratings directly affect the coupon rates of municipal bonds. When a bond is considered safer
and given a higher rating, investors can expect a lower return and vice versa. The three most
prominent firms currently in the rating industry are S&P’s, Moody’s and Fitch.

16 A sales pitch by the underwriting firm to potential investors, prior to an issuance (Murphy, 2019)
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9.2 Recent Regulatory Changes

Because municipal bonds trade infrequently, the last-trade information is often stale by the time
of the next trade, providing less useful information to customers. In 2005, the MSRB created the
Real-Time Transaction Reporting System (RTRS), which requires dealers to publicly disseminate
transaction information 15 minutes after the trade, increasing post-trade price transparency.

In 2008, the Electronic Municipal Market Access (EMMA) was developed, merging real-time
trade data with important disclosure documents, and further expanding public availability of
secondary trading information. Similar to the RTRS, though, the usefulness of this data is limited
given the illiquid market.

As stated earlier, electronic trading systems have progressed in the inter-dealer municipal bond
market, improving trading efficiency and reducing counterparty search costs, possibly passing
savings onto retail investors. But since the pricing information posted on these systems is only
available to subscribers of ATSs -- typically dealers and institutional investors -- the retail
customer still lacks the kind of bargaining power that larger institutions have.

9.3 Mini-Bond Case Studies

The city of Cambridge proceeded with a mini-bond offering in February 2018 for the purpose of
supporting the city’s capital budget and more specifically to fund physical infrastructure. The
city reached their target investment in less than a week with 217 Cambridge residents
participating and about $1.8 million in mini-bond proceeds (Brode, 2018). The bonds were
available in minimum denominations of $1,000, interest was paid semiannually, and the
minibonds were set to mature in five years.

In 2015, the city of Vancouver issued $500 denomination bonds to fulfill a general obligation
capital fundraising, raising $1.3 million of a $1.5 million target (Fu, 2016). The secondary goal
of the fundraising was to foster community engagement in a sound financial investment.
Vancouver was interested in automating the order process, but ran into hurdles, ultimately
making the process difficult. This led to the purchase method for investors being restricted to
mail or hand delivery.

The city of Denver completed a mini-bond capital raise in 2014 totaling $12 million in sales in
less than 20 minutes (Denver, 2014). These bonds were offered in $500 denominations with the
purpose to improve the city’s outstanding cultural facilities. The success was a result of the
purchase options for investors. Denver’s bonds were accepted online, through the mail, or by
hand delivery, making the process more accessible for the city’s residents. The city hired a
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third-party to develop the offering’s platform because of the time-consuming and
resource-intensive nature of the project (Fu, 2016).

The city of Berkeley have expressed interest in incorporating blockchain solution into their
municipal bond issuance. The city saw three main advantages of such a strategy. First, they
sought to cut down on the third-party service providers that are required in the bond-issuance
process. Each intermediary charges fees and mark-ups, and by removing even a few, there can be
substantial savings for the local government. For example, the UC Berkeley Haas Institute
estimates that bond issuers lose approximately $4 billion annually as a result of this process, and
adapting this process to blockchain allows for removal of the middle man (Orcutt, 2018).
Secondly, the blockchain would add greater security and transparency to the offer process.
Lastly, they expected to see a reduction in issuance costs. As Berkeley’s Mayor Ben Bartlett said,
“Blockchain technology is attractive because it allows you to instantly record transactions
indelibly, and it can’t be altered. When you can do that, you lower the cost so much on issuance
that you can make the bond available for 25 cents, honestly.” (Cullinan, 2018) This lower cost is
compared to the currently available issuance process that involves many different layers on
intermediaries throughout the process.

9.4 Neighborly - Municipalities’ crowdfunding and trading platform

Neighborly allows for the easier marketing of municipal bonds to retail investors. Founded in
2012, Neighborly is an electronic crowdfunding and trading platform for civic projects through
municipalities” municipal bonds offerings. As an investing platform, Neighborly allows investors
to trade municipal securities through its affiliated registered broker-dealer, Neighborly Securities.
In contrast to the existing brokerage model, Neighborly allows for lower transaction costs and
easier access of information, submission of trading orders, and portfolio management for retail
investors (Orcutt, 2018). Neighborly has helped the cities of Cambridge, Massachusetts and
Denver executing their successful mini-bond sales. In collaboration with the city of Berkeley,
Neighborly is developing a blockchain-based solution for municipal issuance and trading
(Amante, 2018).

9.5 Blockchain Technology Introduction

Blockchain technology has been known as a tool to create an ecosystem that removes rent
seekers and dramatically reduces the costs of transactions. It is imperative to understand what a
blockchain is and how a blockchain works. Simply put, a blockchain is a ledger distributed
among multiple parties that has a special protocol for updating all the copies of the ledger when
parties transact. Blockchains allow transactions to be made without a central authority, reducing
the costs and making them highly traceable. While blockchains were initially designed as an
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efficient payment system, their use cases have evolved to include applications spanning from
tracking leafy greens from farm to table to the settlement of financial assets.

The term “blockchain” is derived from how the network validates transactions and prevents
fraud. Every transaction is encrypted and then stored in a block with other transactions. This
encrypted value is called the hash. The subsequent block of transactions is encrypted using the
hash of the previous block, creating a chain of connected blocks. The hash can also be partially
decrypted to reveal the values it was encrypted with; an identifier of the person initiating the
transaction and the hash of the previous block. The encryption mechanism is designed so that
any change in one of the values used to encrypt the transaction would completely change the
value of the transaction. The encryption mechanisms makes it almost impossible to defraud the
system because any change in a previous transaction would completely change the encrypted
values further down the chain. The only way to gain control of such a network would be to
perform what is called a 51% attack where the entity controls over 51% of the validators and any
change it makes to the ledger is falsely thought to be approved by the ‘majority’ of validators.

There are two main classes of blockchains: public and private networks. Public networks were
initially designed as a way of circumventing traditional financial institutions and are most known
for their use as payment systems. Bitcoin and Ethereum are the two most popular public
blockchain networks and they share many similarities. For example, public blockchains have no
central authority and require a vast network of unrelated and individual entities to validate
transactions. The mechanism most public blockchains use to achieve consensus among the
distributed ledgers utilizes the same fundamental concepts. Since there is no central authority, the
consensus mechanism acts as the administrator to keep everyone in check.

Private or permissioned blockchains achieve their goals differently. Many of them are not truly
blockchains, but rather, as IBM describes them, distributed ledger technologies that use
fundamental blockchain concepts to achieve consensus. Their consensus mechanisms vary from
a complex one similar to that of Bitcoin to a simple one like a basic democratic voting system.
Private networks allow for some form of central authority that can control who is allowed to
participate in the network and how those members can transact. They also allow for different
levels of permissions for different types of parties involved in a transaction. One could imagine a
scenario where there would be a need for a regulator to freeze an account but that regulator
should not be able to transact on behalf of an individual. These types of permissions make
private and permission blockchains very flexible. While public networks count on all parties
assuming everyone is a stranger and there is zero trust between each other, a private network
assumes that every participant has some level of trust in each other; like how banks sometimes
perform certain transactions only with other banks because they know that the other party is
indeed a trusted bank.
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Like most things, there are benefits and drawbacks to both types of networks. Public blockchain
networks allow anyone that has access to the internet to partake in their financial ecosystem. This
removes any potential conflict of interest with a financial intermediary. Since there are no
third-party institutions processing payments and the transfer of assets, there is less friction when
parties transact, creating benefits such as lower fees. Often there is a fee per transaction and each
transaction takes, when compared to credit card transactions, longer to process because
consensus across a fairly large network needs to be obtained. Another drawback is that there is
generally no central authority regulating the market and protecting its participants in the event of
fraud.

Since private blockchains allow for a central authority to act as an administrator, it makes the
networks better suited to comply with regulatory standards. These networks can control who is
allowed to see transactions and who is allowed to partake in transactions, whereas on a public
network those controls do not exist. The big drawback to private networks is that the network is
sacrificing decentralization for control, but for many applications of private blockchains,
decentralization is less important.

9.6 Smart Contract

Smart contracts were first defined by a lawyer and computer programmer Nick Szabo, who
described them as:

[A] computerized transaction protocol that executes the terms of a contract. The general
objectives . . . are to satisfy common contractual conditions (such as payment terms, liens,
confidentiality, and even enforcement), minimize exceptions both malicious and accidental,
and minimize the need for trusted intermediaries. Related economic goals include lowering
fraud loss, arbitration and enforcement costs, and other transaction costs (Tapscott).

Unlike traditional contracts or obligations that have excessive amounts of text and paperwork,

smart contracts reduce them to their basic components in the form of “if/then” statements
(Surujnath, 2017).
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10. Exhibits

Competitive Municipal Bond Financing Transaction
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Exhibit 1 — Professionals Involved in a Competitive Muni-Bond Financing Transaction

(MSRB, 2018)
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Exhibit 2 — Issuance Costs by Category (Joffe, 2015)
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