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Outline of the Lecture 
Blockchain: Special form of database 
Financial accounts are also special forms of database 
Blockchain and a broader view 
Tensions between individualized versus community perspectives 
A technical limitation of blockchains 
Current difficulties 
Progress in mapping economies and next steps 
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Blockchain: Special 
Form of Database 
• Creation of bitcoin 
• The incorrect association of blockchain with money 
• Peer to peer exchange of certificates 
• Central bank reactions: money and ledgers 
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Blockchain: Special Form of Database 
Any data structure used to store information can be considered a 

database 
Blockchain technology, at its core, is no more than a ledger to store 

information about transactions 
To that point, blockchains can be considered databases 
The data is stored as signed blocks, which link to each other, creating 

a chain of immutable interconnected data entries 

Source: Blockchain Database MongoDB.com 4 

https://www.mongodb.com/resources/basics/databases/blockchain-database


  
 

    
    

 
     

     
     

 

Bitcoin 

Each node tries to bundle a set of incoming transactions since the last
committed block to form a new block 
These new blocks consist of a timestamp (when the block is created), a 

nonce (used for verifying in POW), a reference to the previous block (a 
hash of it), and a list of transactions 
Diagram of f(nonce, prev block hash) → new block hash 
Can be thought of as a state machine, but can only be formally verified to 

be accurate if you start from the genesis block and perform every state 
update and check validity 
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Creation of Bitcoin 
The domain name bitcoin.org was registered on 18 August 2008. On 31 

October 2008, a link to a white paper authored by Satoshi Nakamoto titled 
“Bitcoin: A Peer-to-Peer Electronic Cash System” was posted. Open-source 
code released in January 2009. 
Nakamoto’s identity remains unknown 
On 3 January 2009, the bitcoin network was created when Nakamoto 

mined the starting block of the chain, known as the genesis block 
Nine days later, Hal Finney received the first bitcoin transaction: Ten

bitcoins from Nakamoto 
On May 22, 2010, the first known commercial transaction using bitcoin 

occurred when programmer Laszlo Hanyecz bought two Papa John's pizzas
for ₿10,000, in what would later be celebrated as “Bitcoin Pizza Day 
According to computer scientist Arvind Narayanan, all individual

components of bitcoin originated in earlier academic literature. Nakamoto's 
innovation was their complex interplay resulting in the first decentralized, 
Sybil resistant, Byzantine fault tolerant digital cash system, that would
eventually be referred to as the first blockchain. 

Source: Wikipedia (2024) “Bitcoin” 6 

https://en.wikipedia.org/wiki/Bitcoin#:%7E:text=On%2031%20October%202008%2C%20a,released%20it%20in%20January%202009
https://bitcoin.org


 

   
   

  
  

 
  

   
   

   
       

      
        

 
  

      
   

    
   

      
     

A Peer-to-Peer Example: Exchange of 
Certificates 
Krugman (1998) “Baby-Sitting the Economy” Slate.com 
A baby-sitting co-op, early 1970s -- Capitol Hill co-op 
A group of people (in this case about 150 young couples with congressional 

connections) agrees to baby-sit for one another, obviating the need for cash payments to 
adolescents. Parents sit for one another. 

It’s a mutually beneficial arrangement 
A couple that already has children around may find that watching another couple’s kids

for an evening is not that much of an additional burden, certainly compared with the
benefit of receiving the same service some other evening. 

But there must be a system for making sure each couple does its fair share. 
It issued scrip—pieces of paper equivalent to one hour of baby-sitting time. Baby sitters 

would receive the appropriate number of coupons directly from the baby sittees. This 
made the system self-enforcing. 

For complicated reasons involving the collection and use of dues (paid in scrip), the
number of coupons in circulation became quite low. As a result, most couples were
anxious to add to their reserves by baby-sitting, reluctant to run them down by going 
out. But one couple’s decision to go out was another’s chance to baby-sit; so it became
difficult to earn coupons. A recession in the baby-sitting market followed. 

Eventually more scrip was issued, and then a different problem akin to inflation, money
and monetary theory. An intriguing subject. Krugman writes this story changed his life. 
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https://slate.com/business/1998/08/baby-sitting-the-economy.html


      

    
 

      
    

    
     

       

    
      
    

      
     

       
     

     
         

        
       

        
     

  

Central Bank Reactions to Bitcoin and 
Blockchain Evolve 
Hyun Shin (2018) “BIS Annual Economic Report: Chapter V. Cryptocurrencies: 

looking beyond the hype” BIS.org 
 “Cryptocurrencies cannot scale with transaction demand, are prone to congestion and greatly

fluctuate in value. Overall, the decentralised technology of cryptocurrencies, however 
sophisticated, is a poor substitute for the solid institutional backing of money.” 

Now more than 80% of Central Banks are exploring digital currency, CBDC 
 But the case for why CBs are doing this is sometimes ambiguous and varies across countries 

Then next steps 
BIS, Augustín Carstens (2023) “The future monetary system: from vision to reality” 

 “..financial systems have evolved in separate silos and in a piecemeal way through minor tweaks 
of existing systems and processes. Legacy systems and outdated products abound.” 

 “Even today, money and assets reside at the edges of communication networks in separate 
proprietary databases or ledgers. These databases are patched together via third-party messaging 
systems, so that messages have to be sent back and forth in a complex web of bilateral links, all 
following a separate path from the one corresponding to money or other financial assets.” 

 “Cross-border transactions are even worse, as systems need to be connected through international 
messaging networks on top of domestic ones, involving a raft of different legal and governance 
frameworks.” 

 “The best way to knit together transactions and operations among markets and financial services 
is to bring them onto shared programmable platforms. This is what we have labelled a unified 
ledger.” 

Still, the view remains that Central Bank money is special, the singleness of money 
But see the earlier proposal for a single ledger and its view of money 
Adrian et al. “A Multi Currency Exchange and Contracting Platform” (2022) IMF.org 
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https://www.bis.org/publ/arpdf/ar2018e5.htm#:%7E:text=Cryptocurrencies%20cannot%20scale%20with%20transaction,solid%20institutional%20backing%20of%20money
https://www.imf.org/en/Publications/WP/Issues/2022/11/04/A-Multi-Currency-Exchange-and-Contracting-Platform-525445


 
Financial Accounts 
Are Also Special 
Forms of Database 
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Income and cash flow statements 
The ledger interpretation of money 

Corporate Financial Accounts, From
Transactions 
Corporate balance sheet 

© Cambridge University Press. All rights reserved. This content is 
excluded from our Creative Commons license. For more information, 
see https://ocw.mit.edu/help/faq-fair-use/ . 10 

https://ocw.mit.edu/help/faq-fair-use/


11Samphantharak and Townsend (2009) © Cambridge University Press. All rights reserved. This content is 
excluded from our Creative Commons license. For more information, 
see https://ocw.mit.edu/help/faq-fair-use/ . 

https://ocw.mit.edu/help/faq-fair-use/


  The Ledger Interpretation of Money/ Cash 

Samphantharak and Townsend (2009) 12 



Samphantharak and Townsend (2009) 13 



Samphantharak and Townsend (2009) 14 



Blockchain and a 
Broader View 
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Blockchain and a Broader View 
Single-dimensional (e.g., payments) vs. multi-dimensional (e.g., 

contracting) 
Payments matrices capturing heterogenous velocities 
Individual vs. common accounts 
Distributed ledger technology 
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Blockchain: Single vs. Multidimensional 
Multi-dimensional 

A database on many objects 
Can even include contracts, as we shall see 

Create payments matrices: Money simply means objects appearing 
frequently in exchange 
Or, velocity of any object, amount traded per unit time divided by 

stock outstanding (on average) 
Thus, there can be multiple monies, coexisting with other objects 
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Payment Matrices 
Lim and Townsend (1998) “General Equilibrium Models of 

Financial Systems: Theory and Measurement in Village Economies” 
Village India: Money, IOUs, Grain 
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Samphantharak, Schuh, and Townsend (2018) 

US Economy: Stmt of Account Flows 
Currency, Demand Deposits, Debit Accounts, Foreign Currency 
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Individual vs. Common Accounts 
Consensus financial accounts 
A transaction log operates on the Townsend Thai monthly survey data and

records cash transactions that each household i has with any other 
household j. Transactions are the basic building block. 
As with Bitcoin, there is an initial state, who holds what coins, that is

modified by a transaction to deliver a new state. A difference with paper
currency, though, is that currency is held by the household as part of its
balance sheet and is not public. Currency is an actual portable physical
token and not an electronic entry. But the accounting concepts underlying
the use of currency and the use of coins are the same. 
We can now link the statement of cash flow to the new language of

distributed ledgers with only a few conceptual steps, as it is not hard to
imagine how the new technology could map onto the current paper
currency systems. First, one could imagine in principle that accounts could
be kept on a common account or centralized common ledger. 
To establish a proof of concept, this is being done with the Townsend Thai

data with Chad Qian. 

20 



  
    

  
 

    
   

   

   
  

    

Create De Facto Distributed Ledger 
This ledger could also be done in practice from observed transactions, and 

in real time, if transactions were out of e-wallet coins and hence recorded 
Next, the common ledger could be created 
Finally, when reconfirmed, distributed among the households so that each 

has access to the common account or to their own identical copy (subject to 
privacy, which we come back to under mechanism design below) 
We could call this new common integrated database a distributed ledger 
A key step here is whether the transactions that would be recorded on the 

ledger are consistent with each other. We are now rechecking the database 
to quantify discrepancies. 
 First, we look at checking how many of the transactions in all.csv actually occur 

between two households that are both being surveyed 
 Next, we see how many transactions are reported by both households 

21 



 
     

    
 

    
     

     

  
    

    
 

    
 

   
    

   
    

 
     

  
   

Distributed Ledger Technology 
Distributed ledger technology (DLT) is the technological infrastructure and 

protocols that allow simultaneous access, validation, and record updating 
across a networked database. 
DLT is the technology blockchains are created from, and the infrastructure 

allows users to view any changes and who made them, reduces the need to
audit data, ensures data is reliable, and only provides access to those that
need it. 
Distributed computing is not new—businesses and governments have been

using the concept for several decades. In the 1990s, it became possible for
multiple computers and users in different locations to solve problems and 
return the solutions to a central location 
Advances in data science, computing, software, hardware, and other

technologies have made ledgers much more capable. 
Every device on a distributed ledger network stores a copy of the ledger.

These devices are called nodes—a network can have any number of nodes.
Any changes to the ledger, such as moving data from one block to another,
are recorded across all nodes. Because each node has a copy of the ledger,
each one publishes its version with the latest transactions. 
Every blockchain is a distributed ledger but not the reverse (referring to 

record keeping and validation within) 
22

Source: Nevil (2024) “Distributed Ledger Technology 
(DLT): Definition and How It Works” Investopedia.com 

https://www.investopedia.com/terms/d/distributed-ledger-technology-dlt.asp


Tensions Between 
Individualized Versus 
Community Perspectives 
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Tensions Between Individualized vs. 
Community Perspectives 
Central bank accounts and RTGS payments 
Pacioli, the father of accounts, money as a liability to the community 
Community currencies 

24 



    
 

    

     

Central Bank RTGS of Payments: Store 
of Value vs. Medium of Exchange 
Bech and Garratt (2003) “The intraday liquidity management game,” 

Goldstein et al (2023) “Payments, Reserves, and Financial Fragility” 

© Goldstein et al. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 

25 
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Pacioli, the Father of Accounts, Money as a
Liability to the Community 
The history 

 A problem with negative numbers 
o Until the Renaissance, negative

numbers were thought of as
absurd, despite Chinese, Arab
deep roots in algorithms and
algebra 

What does it mean to hold 
negative amount of a good? 

 Yet a difference operation is
standard in algebra 

o Delivers negative numbers 

Here, related, money as a liability
to the community, as in “must 
give” back, to accomplish an
objective 
The reference is not to the 

“owner” but obligation to the
other party, owe them something 

© Legare Street Press. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 
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Definition of a Journal Entry 

Money as a liability to the community 

27
Source: Translation of Pacioli’s “Ancient Double 
Entry Bookkeeping” 

https://ia802207.us.archive.org/23/items/ancientdoubleent00geijuoft/ancientdoubleent00geijuoft.pdf


    
     

 
  

     

What Is the Larger Purpose of the Database?
Do Not Lose Sight of the Ultimate Goal 
Jain, Townsend and Wang “Timing lumpy investments with informal 

bridge loans and clunky formal loans: Evidence from Thailand” 
Amberg, Jacobson, Schedvin and Townsend (2021 JPE) “Curbing 

Shocks to Corporate Liquidity: The Role of Trade Credit” 

28 

https://economics.mit.edu/sites/default/files/2024-12/JainTownsendWangThaiForInf_0.pdf


 
     

  
       

   
   

 
  

  
 

    
      

      
    

   

   
    

   
  

   
 

Community Inclusion Currencies 
CICs are operating as a medium of exchange that can only be used within a certain

community or network. Mutual credit network is another term for CICs because their 
participants effectively give each other (interest free) credit. For example, sold goods
but did not yet get goods in return, and instead got the community currency. 

Put differently, sold goods and got community currency with an obligation to buy the 
production from others. 

Others have an obligation to accept it 
Related, designed with certain incentive structures that encourage holders to spend the

currency instead of hoarding it. 
CICs are used by a growing number of communities, all located in informal settlements 

or slum areas … more than 50 communities in Kenya and South Africa … the most 
well-known being Sarafu 

Essentially the voucher acts as a promissory note, a promise against future production
of others. So a selected self-governing community of micro-businesses was committing
their future production into a voucher and accept to trade with each other using these
vouchers. 

Given it’s only businesses and individuals signed up to the program that would accept
the vouchers as payment, this locked the injected value into that network. 

The end result is the value circulated for longer in the targeted community, giving the
businesses and the local economy a better chance to flourish. 

29
Source: De Meijer (2023) “Sarafu: Crypto Currency 
for Rural Communities” treasuryXL.com 

https://treasuryxl.com/blog/sarafu-crypto-currency-for-rural-communities/#:%7E:text=The%20Sarafu%20Network%2C%20is%20a,stimulating%20trade%20in%20those%20communities


 
    

 
    

A Technical Limitation 
of Blockchains 
• The CAP theorem 

• Impossible to have all of consistent, available, and partition tolerant 

• Evolution of ecosystems 
• Coping with the CAP trilemma in practice 

30 



 The Cap Theorem 

CC BY-SA content courtesy of Wikipedia. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 
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https://ocw.mit.edu/help/faq-fair-use/


    The Evolution of Ecosystems: The CAP
Trilemma Extended 
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Current Difficulties 
Legacy technology 
Trust and fraud 
Unmeasured currency 
Data silos 
Inconsistent collection mechanisms 
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Legacy Technology 
Kansas City Federal Reserve Bank 

Alcazar et al (2024) “The Role of Core Banking Services Providers in 
Facilitating Instant Payments” 

© Federal Reserve Bank of Kansas City. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 

38 

https://www.kansascityfed.org/Payments%20Systems%20Research%20Briefings/documents/10151/PaymentsSystemResearchBriefing24AlcazarBairdCronenwethHayashiIsaacson0508.pdf
https://ocw.mit.edu/help/faq-fair-use/


Trust and Fraud 
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Sweden, almost no 
currency left 

Phone credits and 
transfers, cash in 
and out 

E-Payments: Two Examples 
The Demand for Cash in Sweden (Ingves 2016) 

Coexistence of 
Payments Devices: 
Fiat money, Kenyan 
shillings 

Remittances, e-
transfers of value, 
migrants 

© source unknown. All rights reserved. This 
content is excluded from our Creative 
Commons license. For more information, 
see https://ocw.mit.edu/help/faq-fair-use/ . 
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Limitations of Trust, Centralization and/or
Decentralization Infrastructure Issues 
Trust is less obvious than it might seem 

 Taking into account the larger financial system, banks holding Safaricom 
accounts, and hence customer shilling accounts, subject to runs in Kenya 

Contrast: Token transfer systems rely on distributed ledgers, with 
immutable records and some kind of consensus validation 
Irony: Cryptocurrency exchanges are largely built as traditional 

systems with (trusted) brokers or centralized exchanges, in contrast 
to the tokens themselves- and trust broken 
FTX Diverted $200 Million of Customer Money for Two Venture 

Deals That Caught the SEC's Attention” (2022) NBCnewyork.com 
 “FTX … made two $100 million venture investments using customer funds 

through an FTX subsidiary….” 

41 

https://www.nbcnewyork.com/news/business/money-report/ftx-diverted-200-million-of-customer-money-for-two-venture-deals-that-caught-the-secs-attention/4018181/


 
 

 

  
  

 
 

 
   

 
    

 
  

 
 

  
   

 

 
    
  

 

Unmeasured Currency 
Alvarez, Pawasutipaisit and Townsend

(2023) “Currency in Village Economies:
Large Welfare Losses from the
Mismanagement of Petty Cash” 
FRB-Boston and MIT DCI “Project

Hamilton Phase 1 Executive Summary” 
(2022) Bostonfed.org 
 “In light of continued innovation in money

and payments, many central banks are 
exploring the creation of a central bank
digital currency (CBDC), a new form of
central bank money which supplements
existing central bank reserve account
balances and physical currency. CBDCs 
could exist in various forms depending on a
central bank's objectives, including a
general-purpose CBDC that can be made
available to the public for retail, e-
commerce, and person to person 
payments.” 

 “The processor's baseline requirements
include time to finality of less than five
seconds, throughput of greater than 100,000
transactions per second, and wide-scale
geographic fault tolerance.” 

© Federal Reserve Bank of Boston. All rights reserved. This 
content is excluded from our Creative Commons license. For 
more information, see https://ocw.mit.edu/help/faq-fair-use/ . 
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https://www.bostonfed.org/publications/one-time-pubs/project-hamilton-phase-1-executive-summary.aspx
https://ocw.mit.edu/help/faq-fair-use/


 
    

Data Silos 
Product apps within digital financial service providers 
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 Inconsistent 
Collection Methods 
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  Collection Methods: How It Should Be Done 
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 Inconsistent Micro Surveys 
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 Inconsistent Macro Aggregates 
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Progress in Mapping
Economies and Next 
Steps 

48 



     

 
      

   
  

  

 

       
  

 
     

Progress in Mapping Economies and Next 
Step 
 Progress in mapping 

Creating village, regional, and national income and product accounts, NIPA, 
and flow of funds accounts 

o Production accounts from the income statement 
o Savings investment accounts from changes in the balance sheet 
o Aggregate up to village level 
o Balance of payments – including tracking currency 

Next steps 
Construction of disaggregated consistent accounts for the US 

o See chapter 7 in Paweenawat and Townsend (2024) “Inequality and Globalization: 
Improving Measurement through Integrated Financial Accounts” 

 From the ground up, with consistent collection and links to e-accounts 
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