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Abstract

We analyze how digital technologies can be used to improve safety nets for insurance
against idiosyncratic and aggregate income risks, tailored to deal specifically with common
market frictions: limited commitment, private information, and transaction costs. We
illustrate the gains from incentive-compatible risk-sharing schemes for groups of economic
agents such as Thai households or Spanish firms. We assess the best-fitting financial
regime for each group and quantify large welfare gains from improved insurance despite
the existing obstacles to risk sharing. Our approach can be applied in many contexts
to foster financial inclusion, alleviate poverty traps, and complement existing safety net
policies and mechanisms in a cost-effective way. We provide blueprints for design and
implementation.
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1 Introduction

Income risk, that is, volatility of income flows because of illness, job loss, macroeconomic
shocks etc., remains prevalent for households, firms, regions, and countries. Various poli-
cies and institutions have emerged to curb these risks, ranging from financial markets
that allow saving and borrowing to private and public social insurance and safety nets for
unemployment, health risks and old age. These policies originated in today’s developed
countries and were later expanded to emerging and developing economies (EMDEs).!
Arguably, they have proved reasonably effective in smoothing household income and ex-
penditure and in stabilizing consumption and productive investment by the self-employed
and small and medium-sized enterprises (SMEs). This was especially the case after World
War 11, from the 1950s to the 1980s in both advanced economies and EMDEs. Empirical
evidence indicates that these policies contributed to the decline in poverty and inequality
during this period (Morelli et al., 2015 and Alvaredo and Gasparini, 2015). Another
important policy development is centered on increasing financial inclusion to the poor,
i.e., creating incentives and regulations that improve their access to affordable financial
services offered by a range of competing providers (see Princess Méaxima, 2010 and CPMI
and World Bank, 2016).

However, many countries have seen the trend in income inequality reverse direction
since the 1980s (Atkinson and Bourguignon, 2015), with a steady increase in inequality
of opportunities, income and wealth, as well as in geographical inequality, e.g., access
to public goods.? Importantly, this increase partly reflects the fact that individuals
and households with lower skills and/or incomes are subject to a combination of larger
idiosyncratic and macroeconomic income risks. In OECD countries, not only is the
average unemployment rate of low-skilled workers higher, but it also increases by more in
recessions (Pereira da Silva et al., 2022). In EMDESs, where financial markets and social

safety nets are less developed, idiosyncratic regional or cyclical income shocks may cause

LA distinction should be made between broader social policies dating back to the 19th century and
significantly expanded and formalized after the US New Deal in the 1930s and the Beveridge Report in
Britain in the 1940s, and the social safety nets from the 1990s aimed at mitigating the impact on the
poor from implementing macroeconomic structural adjustment policies. Among the latter are conditional
cash transfers (CCTs) to households with income below a threshold and satisfying certain conditions,
e.g., child school attendance.

2The post-1980 trend of rising income inequality has been addressed by a vast literature that explains
it as the combination of skill-biased technological change and the effects of globalization on employment
in advanced economies associated with the relocation of significant segments of productive activities. A
complementary hypothesis with respect to household income risk is that the broad-based social policies
dating back to the mid-20th century "ran out of financing fuel”. They had been traditionally embedded
into budget processes, acted as automatic stabilizers, and were a pillar of steady growth during the post-
World War II period. However, both demographic and unemployment trends stretched them to their
financing limits and they have become progressively less effective in covering risks at both the social and
individual level. This characteristic is obviously more severe in EMDEs. As a consequence, the volatility
and uncertainty of income has increased and even more so for low-skilled and low-income households,
see Heathcote et al. (2020) for the U.S. and Pereira da Silva et al. (2022) for cross-country evidence.



the self-employed and workers in informal markets to slide into poverty traps which can
persist, in some cases, across generations.® Risks may be so large that households do not
undertake entrepreneurial activities or limit the scale of family enterprises. This deepens

economic downturns and lowers potential growth.

Income volatility can be triggered by various events or accidents, some of which id-
iosyncratic (unemployment, family break-up, poor health, etc.) and some related to the
business cycle (Challe et al., 2017; Heathcote et al., 2020; Guvenen et al., 2022; Bilbie
et al., 2023). Volatility increases economic insecurity and the risk of falling into poverty
despite existing public safety nets. Economic insecurity is empirically more prevalent
among the low-income groups, reinforcing the link with the rise in economic inequality.*

Therefore, smoothing income risks is a key component of policy considerations.

At the country level, crisis episodes often associated with large capital outflows com-
pound income risks by reducing the fiscal resources devoted to institutional social safety
nets. As various crises illustrate, fiscal adjustments have usually been implemented in
an across-the-board fashion during an emergency. Likewise, as the euro area sovereign
debt crisis has shown, advanced economies had also been increasingly subject to similar
(albeit less severe) risks to the financing of their more comprehensive social safety nets.
In a nutshell, existing safety nets are either affected by cyclical volatility, or their cover-
age is often limited, underdeveloped and ineffective, or potentially all these together (see
Karaivanov et al., 2026).

Most of the aforementioned policies and institutions were designed before the avail-
ability of detailed information about individuals and households, and usually without
data frequent enough to capture intra-year income volatility. Therefore, they had to be
designed in a broad-based, macroeconomic manner. Even after the implementation of
surveys with more granular data such as annual household surveys and the emergence
of conditional cash transfers (CCTs), countries tended to rely on broad approaches and
frameworks.® In addition, the cost of reliable and timely information about individuals
or households in relation to the state of the economy at any given time compounds these
problems. It is difficult, if not impossible, to verify an individual’s situation facing an ad-
verse outcome, and whether a claim for assistance is justified and true, while addressing

income volatility in a timely fashion. The empirical evidence points to the prevalence of

3The World Bank (2019) estimates that only 20% of the poorest people are included in social safety
nets in low-income countries.

4See Latner (2019), Western et al. (2012) and Rohde et al. (2014).

5In many EMDEs, but also in advanced economies, such policy instruments tend to be subject
to inertia and political economy pressures to support social policies at various levels of government.
Despite efforts to increase social spending, it has been difficult to systematically evaluate their efficiency
and improve coordination. Fiscal rigidities in legal systems make revisions complex, even when better
procedures could bring efficiency gains. Social policy approaches in many developing countries have
improved (for example, the use of conditional cash transfers or some measures implemented during
the Covid-19 pandemic and the war in Ukraine) but remain predominantly dependent on financing
constraints, centralized, and transfer-based.



gift-based assistance within extended families where trust plays a key role (Kinnan et al.,
2024). This supports the conjecture that overcoming incomplete information and limits
to commitment without the type of trust that prevails within family circles is a critical

obstacle to developing effective contingent and targeted safety nets.

Recent technological developments allow sophisticated interventions that can pro-
cess and use granular individual, household, and firm data at very low cost® (Goldfarb
and Tucker, 2019). Another development is the increased understanding of contracts
that induce truthful self-reporting of unobserved individual circumstances. Automated
contracts can also deal directly with commitment or moral hazard problems delivering
constrained-optimal insurance. Furthermore, messages can be encrypted preserving pri-
vacy,” and serve as an input into encoded risk-sharing agreements, aggregated to promptly
detect geographic, business cycle or regional shocks. Multilateral smart contracts also
allow irrevocable documentation of agreements, irrevocable escrow commitments to social
insurance funds used for pooling of shocks, specified rules for the operation of a fund that
deals with idiosyncratic and aggregate risk, and commitment to exclusion if the voluntary
parts of rules are not followed. More recently blockchain technology and smart digital
contracts could together implement incentive-compatible contracts rooted in mechanism

design.

To reiterate, such data, understandings, and digital technologies can be used to re-
duce verification costs, reveal the true state of individuals’ situations and provide better
incentives — all of which could enable major progress in pooling idiosyncratic risks, re-
gional and country-level shocks and reduce many impediments to the effectiveness of
interventions and their rapidity, avoiding time lags and insecurity. This would make
the set of available insurance arrangements less incomplete, preserve equal opportuni-
ties across economic agents and prevent unnecessary human tragedies, while at the same
time providing a more effective stabilization of the business cycle, higher productivity,

and improved financial flows.

In terms of policy, we therefore propose a different approach to social safety nets,
complementary to existing ones. Instead of an almost exclusive emphasis on social trans-
fers (broad or targeted) with a principal (the state) defining eligibility thresholds and a
centralized system of controls and payments, we suggest an emphasis on mitigating in-
come risk, particularly idiosyncratic and breaking the transmission of individual or group
risks into more widespread risks. This can include a decentralized implementation process
and incentive-compatible digital contracts that collect contributions and pay indemnities,

including self-sustained conditional transfers funded with contributions. We thus argue

6 Atkinson and Bourguignon (2015) recognize that technological progress will fundamentally change
social policies. However, they focus on the effects of faster payments rather than the design of policies
that include new forms of insurance and financial contracts.

"For example, see the discussion in D’Silva et al. (2019) and Nilekani (2018) on the development of
privacy-preserving financial infrastructure in India.



that current technology can circumvent obstacles to the development of effective digital
safety nets which could help reduce both income inequality and volatility. Complement-
ing existing safety nets would enhance welfare and stabilize the income of low-income
households, which in turn implies higher and more stable economic growth. Related
to this, insurance allows more flexible terms for loan repayment in credit contracts and
lower debt levels, which in turn can be a drag on growth and a source of systemic risk.
The economy would benefit from the enormous potential for creativity, productivity and

innovation of groups that face differentiated, higher risks and inequality of opportunity.

The new technologies and tools that we describe here make it possible to design various
components of social policies and financial inclusion programs with characteristics that
could easily complement those introduced in the 20th century. In summary, the key
conceptualization is how to address income risk, by illustrating the large welfare gains
that improved risk sharing can deliver and offering a proof-of-concept, using insights
from mechanism design, of how digital safety net platforms and apps that are incentive-
compatible and cost-effective can be coded and implemented to overcome information

asymmetries or commitment obstacles to trade.

2 Idiosyncratic Risk and the Need for Improved Safety Nets

In this section, we review the empirical evidence and stress that uninsured idiosyncratic
risk can translate into costs material enough to transmit to the family and then to neigh-
boring groups through the loss of income and/or capital. These disruptions increase
income volatility and can be caused by various chain events: the loss of solidarity within
groups (e.g., within villages due to migration to cities), the rupture of a critical supply
chain in the production process, etc. If the cumulative losses are large, they can generate
or compound poverty traps and produce additional risks with potential local, regional
and macroeconomic effects. Clearly, the prevention of such chains of events is welfare

enhancing.

2.1 Empirical evidence for limited insurance

A direct look at outcome data confirms the adverse consequences of income shocks and
provides evidence of limited insurance. With complete risk sharing, an individual’s con-
sumption should track the consumption of the community as a whole and be uncorrelated
with the individual’s income fluctuations. A direct look at income and consumption panel
data over 10 years from villages in India, Townsend (1994) shows that incomes are not
covariate, so that insurance is possible, and although there is a substantial amount of
local insurance there remain particularly vulnerable within-village groups, for example,

wage laborers, for whom consumption drops in economic downturns.



Richer nationally-representative Thai data show how parts of society can be more
exposed to economic fluctuations. Aggregating biannual cross-sectional surveys into a
pseudo-survey of regional and occupation cohorts helps track income and consumption
data across social groups. These data show that entrepreneurs and people in and around
Bangkok who have arguably left village-based social protection bear the ups and downs

of fluctuations and so would benefit from enhanced insurance (Townsend, 2016).

Additional data include the choice of occupations, sectors of chosen businesses, and the
rates of return of those businesses. Specifically, if there existed perfect mutual insurance
within a village, idiosyncratic fluctuations in returns would be entirely smoothed out.
Higher expected returns would not be needed to compensate for risks not borne, consistent
with the Thai village monthly panel data (Samphantharak and Townsend, 2018). But
for common village-level aggregate risk, the higher the co-movement of the return on
the households’ chosen technologies with the village aggregate return, the higher is that
household’s average return in the data, to compensate for the aggregate risk, meaning that
the latter is relatively uninsured. However, as village aggregate shocks are not covariate
across villages, such shocks are potentially insurable when pooling across villages, but
this is not currently happening. By extension, the impact of country-level income shocks
could be reduced by risk sharing.

A related literature on insurance, or the lack thereof, examines capital flows and
remittances. In theory, if a household were holding a portfolio of real and financial
assets, we should see transfers and incoming capital flows that are inversely related to
the household’s underlying income. The same logic holds for regions, with a distinction
between income from local production and non-local income from remittances, transfers,
and dividends. Again, there should be outflows when a region or sector is doing well and
inflows when it is doing poorly. But the evidence that capital flows remain procyclical is
overwhelming (e.g., Forbes and Warnock, 2012; BIS, 2017; Koepke, 2019; and Aldasoro
et al., 2023). Related to this, with diversified portfolios savings and investment should
be based on productivity only. Investment should not drop with temporary income
shortfalls. These benchmarks have been used extensively in studies of inter-regional
and international risk sharing (e.g., Feldstein and Horioka, 1980) showing that regions
or countries can significantly improve risk sharing compared with the status quo.® For
example, China does poorly in inter-regional flows compared to advanced economies such
as the United States. Countries in the EU, a monetary but not fiscal union, also do less
well in sharing unemployment-related risks relative to what is achieved in the United
States (e.g., see Claveres and Strasky, 2018 or Dolls, 2024).

80mne could interpret the founding mission of the Bretton Woods institutions (IMF, World Bank),
many United Nations specialized agencies (WHO), and other regional institutions (e.g., ESM, AMRO)
as helping foster international risk sharing. However, many consider the global economy as still falling
short of having an effective global safety net (e.g., Carstens, 2021; Adrian et al., 2022.



These findings suggest that existing markets and risk-sharing institutions are only
partially adequate. The degree to which intermediaries contribute to insurance in Thai-
land has been analyzed by Alem and Townsend (2014) using consumption and financial
transaction data. Although an agricultural bank (BAAC) does help in consumption-
smoothing, other financial institutions contribute little and virtually no institution covers
shocks that adversely impact investment. The BAAC seems to have been less than suc-
cessful in its introduction of a rainfall-indexed crop insurance program, arguably because
the meteorological data used were not sufficiently granular and there was too much basis
risk. Related research estimating the best-fitting financial and information settings using
consumption and investment data points to substantial heterogeneity in outcomes linked

to incomplete markets and obstacles to risk sharing (Karaivanov and Townsend, 2014).

2.2 Transmission to family and larger groups

Idiosyncratic shocks can have ripple effects and spread to larger groups at the local,
regional, or even national level. The idea of “contagion” is often used in finance or
epidemiology but it can be also translated into socio-economic terms and applied to the
cascading, non-linear effects of uninsured risks. In addition, a systemic shock such as a
pandemic can disproportionately affect a segment of the population, especially the most

vulnerable and the poor. Various partially overlapping mechanisms can be identified.

A granular look at Thai villages is revealing. Households without other relatives in the
village are generally not engaged in gift-giving insurance networks (Kinnan et al., 2023).
When these households experience large unexpected and uninsured expenses from illness,
they cut back on material input purchases and hired labor. This creates amplified shocks
that reverberate through supply chains and local labor markets, as revenues diminish.
Consumption drops for those affected. Furthermore, broken transaction links persist
over time, i.e., they are not easily replaced by alternative points of sale or employment,

inflicting long-term structural damage and resulting in persistently lower incomes.

Another transmission mechanism works through the risk profile of groups that are
similar enough to create a “domino effect” once a member is hit by a shock. Durlauf (1994)
shows that local spillover effects could be interacting with the income-based stratification
of neighborhoods to transmit parental economic status from generation to generation.
Bird (2007) finds that contagion from individual situations to larger groups depends to
a large extent on the group’s sharing of common characteristics such as the absence of
nurturing, lack of investment in human capital and a dearth of opportunities, all of which
make people much more susceptible to falling into poverty traps when they are exposed
to negative shocks (see also Chetty et al., 2014).



2.3 Poverty traps

Additional justification for the need for improved risk sharing to reduce income volatility
and its consequences is the extensive literature on poverty traps: individuals or groups
can fall into self-reinforcing situations that cause and maintain poverty. Once a house-
hold is in a poverty trap, it persists absent outside intervention, in some cases even across
generations, because the individuals have limited or no resources and their capital (phys-
ical or human) has low return. These self-reinforcing disadvantages make it very hard to
escape poverty (Bowles et al., 2006; Kraay and McKenzie, 2014; Ghatak, 2015; Balboni
et al., 2021; Banerjee and Duflo, 2012).

The literature documents several mechanisms that can lead to a poverty trap.” Bar-
rientos (2007) emphasizes the role of non-linear income dynamics, low asset endowments,
and lack of access to credit. Thanh (2005) examines the vicious circle of poverty and ill
health. Idiosyncratic events, such as an accident or injury, could have severe and lasting
consequences for family income producing a poverty trap. Liao et al. (2022) show that,
in the absence of health insurance, poor and vulnerable people tend to over-stress their
bodies to earn more money to invest in education. Rosenzweig and Binswanger (1993)
and Carter (1997) show how risk preferences can induce poor rural households lacking
access to credit and insurance to choose low-return livelihoods as self-insurance against

weather risk, but these choices can trap them in chronic poverty.

A second mechanism is occupational poverty traps, whereby the combination of bor-
rowing constraints and lumpy production technologies implies that poor individuals who
start businesses that are too small can be trapped into earning returns of no more than
the subsistence level (Banerjee and Newman, 1991). This provides justification for mi-
crofinance loans designed to allow households to lift themselves out of poverty by buying

lumpy capital assets necessary to operate a business.

Another mechanism is the concentration of risks in specific geographic areas. Jalan
and Ravallion (2002) define a “geographic poverty trap” as occurring when the character-
istics of a region are such that a household’s consumption cannot rise over time, while an
otherwise identical household living in a different better endowed area would have a rising
standard of living. This can be compounded by poor institutions at the local or central
levels of government (Acemoglu and Robinson, 2012). Poor households in remote rural
regions have a reduced set of available production technologies, which means that the
choice between lower-income and higher-income outcomes can be a more difficult discrete

step.

9Barrett et al. (2016) survey the possible mechanisms, such as poor nutrition and mental and phys-
ical health, endogenous behavioral patterns (e.g., risk or time preferences), poorly functioning capital
markets, large uninsured risk exposure, and weak natural resource governance institutions.



2.4 Financial inclusion

For a large part of the world population, neither self-insurance via savings nor mutual
insurance are available. This is particularly salient for farmers in EMDEs, who face the
triple challenge of being too isolated, too small-scale for traditional financial intermedi-
aries, and too risky to access financial services (Benami and Carter, 2020). As mentioned
before, many EMDEs have put in place some version of a conditional cash transfers
program (CCT). In other emergency circumstances (e.g., Covid-19), exceptionally large
state-contingent transfers have been made. However, the latter programs were often im-
plemented under the urgency of a crisis. Consequently, they tend to be poorly targeted
and frequently transfer funds with lags that might be sufficient to put an SME out of
business. In this respect, digital platforms and smart contracts offer considerable poten-
tial for improvement. According to the World Bank’s Global Findex Database (2021),
1.4 billion adults remain unbanked. The same data also reveal that only 40% of adults in
EMDEs are saving and, among those who borrow money, nearly half are borrowing from
their family, 32% consider it would be very difficult to access emergency money, while 9%
consider it would be impossible. These facts suggest the great potential that developing
financial inclusion could imply for protecting the poorest in society from income risks

and poverty traps.

Recent years have seen major progress in financial inclusion thanks to the spreading of
smartphones, financial apps and the development of large-scale public policies that foster
digital infrastructure (e.g., Aadhaar and UPI in India, see D’Silva et al., 2019). The main
novelty is that the marginal cost of giving access to these apps is negligible, opening the
way to an untapped means of risk sharing and income smoothing for hundreds of millions.
For instance, in sub-Saharan Africa, saving through a mobile phone app, which did not
exist back in 2017, is now used by 20% of adults in countries such as Ghana, Kenya,
Senegal, Uganda and Zambia (World Bank, 2021).1° This progress is highly promising.
Indeed, among adults that have a digital or traditional account, more than 50% used their
digital account to save money and 20% borrowed money. These proportion of savers and

borrowers are much smaller among the unbanked.

Indeed, in an increasing number of countries (e.g., Argentina, Brazil, China, India
and Indonesia), digital apps for payments have been a starting point for the dramatic
spread of new technology among the population. Regarding low-cost fast payments for
small amounts (the vast majority of financial services demanded by the poor), Brazil’s
Pix reached millions of users, accounting for 75% of the adult population within a year. In
several instances, for payment providers, digital apps and data are coupled not only with

savings and investment instruments, but also with risk sharing through flexible contingent

10 Another striking example is how M-PESA facilitated risk sharing in Kenya. Jack and Suri (2014)
show that M-PESA users were able to shield their consumption from income shocks while the consumption
of non-users dropped by 7%. Users tapped remittances to an extent not available to non-users.



credit arrangements, and in the case of China, health insurance reaching 100 million.
Brazil’s ongoing work on a Digital Real features programmability with delegation to the
private sector. The progress of financial inclusion in India is also remarkable (D’Silva et al.
(2019)). Those skeptical of voluntary participation in risk-sharing digital platforms should
be reassured. Several countries are moving forward. For example, the Bank of Thailand’s
policies and strategies for a sustainable digital economy include open infrastructure, open
data and free competition. Nevertheless, innovation and technological updates are not

universal.

The spread of digital financial apps is not a panacea. Although the main benefits
are highly intuitive, with transaction costs reduced considerably, digital finance apps do
not per se overcome issues of trust, asymmetric information and limited commitment.
In the case of M-PESA wusers, the main source of risk sharing was family members.
Likewise, Karaivanov and Townsend (2014) show that expenditure-smoothing in Thai
villages relies on family networks. This type of risk sharing is thus not accessible to large
parts of society, notably those without family ties or those who left their village-based

social networks when moving to cities.

3 Obstacles to Risk Sharing

The previous section argues the benefits of smoothing disposable income with improved
risk sharing and safety nets. However, there are well-known obstacles that lie in the way
of ensuring participation and cooperation in such schemes. We next discuss and distin-
guishes the main obstacles to risk sharing. Namely, limited commitment with lack of trust
is different from private information compounded by limited communication. Likewise,
new tools that enable commitment and self-reporting with encryption are available, with
smart contracts which can be implemented on a digital platform with escrow accounts

and multilateral programmed code.

3.1 Limited commitment and lack of trust

In practice, agents who participate in an income insurance scheme are happy to receive an
indemnity. However, the payment of premia out of high-income states is not guaranteed.
It is well known that in a static single-period insurance contract there is no incentive
to pay the premium. In informal systems such as kinship groups there can be social
sanctions or penalties that help ensure participation, but this mechanism is absent when
dealing with strangers (or with other countries in the case of international risk sharing),

despite the known advantages of wider insurance pools.



Table 1. Ad hoc risk sharing with an escrow account (in thousands of Thai baht)

Period Gross income Escrow account Disposable income
Agent A Agent B Agent A Agent B Agent A Agent B

t 54 42 13.5 10.5 40.5 31.5

t+1 12 90 36 90

Note: in this ad hoc scheme each of the agents puts in escrow one quarter of their income in the first
period and understands that if their income is low in the second period, they will receive the escrowed
amount back and, if the income of the other agent is large, also an indemnity equal to the amount put
in escrow by the other agent.

3.1.1 Use of escrow

One solution to the problem of limited commitment is to require the premium to be paid
in advance. This can be illustrated with a two-period contract. As an approximation, in
Table 1 we consider a two-agent model in which both agents have similar income incomes
in the first period (¢) but their relative positions in the next period (¢+1) are random with
one agent having much larger gross income than the other. Each agent would like to plan
to receive an insurance indemnity in the second period upon a low realized income, at
the cost of paying a premium upon a high realized income. Full insurance, i.e., splitting
the difference in incomes, would be ideal. However, if there is a limited commitment

problem, the high-income agent would not pay.

One possible solution consists of paying the insurance premium in advance regardless
of income at that time. Imagine the following ad hoc risk-sharing scheme in the two-
period model of Table 1 where the agents put in escrow one quarter of their realized
period-t income to hedge against low income in period ¢ + 1. Here we consider the
risk-sharing scheme as a platform, not only with ledgers as in social insurance account
balances, but also using new digital technologies which allow agents, including strangers,
to participate. An individual agent’s contribution to the insurance fund is put in escrow.
Specifically, a trusted third party agrees to hold money contributions in escrow while
minting a token that is programmable via smart contract code. The savings function is
thus automated. Likewise, transfers as indemnities received by the platform participants
are executed according to risk-sharing rules embodied in the code. Conversion of tokens
back into money from the trusted third party is also subject to programmed rules. Some
tokens may be required to remain in escrow, other amounts can be disbursed, according
to pre-programmed and agreed rules. The key point is that escrow accounts are under

the control of the code and not individual discretion.

To continue with the two-period example, suppose it is agreed that in period t+1, the
agent with the lower income receives back their own escrow deposit from period ¢ plus,
as indemnity, the money put in escrow by the other agent in period ¢. In Table 1, in the

columns labeled “Disposable income”, we illustrate the agents’ payoffs if they participated

10



in such insurance mechanism. As the table shows, the mechanism is highly effective to
insure against very low-income draws. In period ¢ + 1, agent A would have disposable
income of 36,000 instead of 12,000. With preferences that are sufficiently risk-averse, it is
highly likely that individuals would be willing to participate in schemes that allow them
to hedge effectively against low realizations of future income. Notably, concavity implies
that the marginal utility gain from receiving a transfer upon realization of a low income
is higher than the utility cost of paying an insurance premium when receiving a high

income. Applying a log utility function to disposable income makes this point obvious.

Risk aversion is therefore critical. It helps explain why agents would pay an insurance
premium in high-income states in return for receipt of an indemnity in low-income states.

The gain from such a mutualized insurance pool is higher overall welfare and efficiency.

Such arrangements do face the problem that the high-income agent who is supposed
to contribute might prefer to withdraw from the arrangement instead. But, as such high
incomes do not occur frequently, after controlling for aggregates, one should expect to
see full risk sharing over period of time, and then a reset (partial risk sharing) when the
income for an agent is very high. Such an agent is induced to stay in the arrangement

by getting higher future consumption on average.

The use of escrow can mitigate this problem. However, full insurance, while preferable
in theory is unlikely to be attainable even with escrow. Indeed, full insurance could require
a large premium that in the escrow scheme would be subtracted ex-ante from gross income
in period t. When income is low prepaying a given premium amount is less likely to be
acceptable to the agent. Such circumstances will limit insurance. We gain the intuition

that a voluntary prepayment of collateral would depend on the income process.

More generally, interacting over more than two periods, it remains the case that if
current disposable income after paying a premium is below some threshold, then an
agent would not participate in insurance for the next period, as the utility loss is too
painful despite the potential future gain. One can imagine various modifications of the
scheme, with the insurance premium scaled back if current realized income is relatively
low or, alternatively, using accumulated past saved premia. But unlike in a saving-only
setting, here the agents are committed to future payouts from others in low-income states
(see Section 3.3). Karaivanov et al. (2026) and Dolls (2024) illustrate such risk-sharing

schemes as applied to EU unemployment re-insurance.

3.1.2 Exclusion and the benefits of public infrastructure

Rather than requiring collateral or escrow to prevent reneging, another possibility is to
exclude agents from future risk sharing upon failure to follow the rules, i.e., not following
the stipulation to pay in. Intuitively, for an arbitrarily large number of periods such

exclusion implies a large welfare loss to the agent from reduced consumption smoothing,

11



to be traded off against keeping current high income. When the former is bigger than
the latter the threat of exclusion from the scheme provides an effective incentive for the
agents to abide by the rules, i.e., they would choose to pay the required premium when

income is high.!!

A real-world example of such incentive mechanism is the potential loss from being
excluded from trading platforms. Alibaba’s mutual health insurance was successful in
part because failure to pay the annual health premium exposed the household to losing

access to all Alipay services including the popular Alipay e-payments service.

Although private sector entities can enforce such sanctions, there is a downside, as
large providers may potentially act as monopolists and extract rents, in which case much
of the benefit from risk sharing accrues not to the public but to the provider.!? Not
all private entities do this in practice but the risk exists. One option is to incorporate
private entities into a public programmable platform infrastructure, with governance
and regulatory stipulations. Another possibility is that the state, communities, or non-
profit organizations could provide their own not-for-profit insurance platform. Such a
platform could implement computer code that fits the insurance schemes to the income
and preference characteristics of a specific group of economic agents. Importantly, trust
in the insurance scheme may be reinforced if the non-profit objectives are clearly spelled

out.

Participation would be agreed to voluntarily by all in advance, when convinced via
simulation or pilot, or if vouched for by a trusted third party that the code executes
as intended, i.e., implements the agreed sharing rule and state-contingent programmed
premia and indemnities. The platform itself, however, does not require a trusted third
party.

Each participant would have an account on a common ledger which would be used
to pay out premia in advance or to receive inflows as indemnities. Prepaid deposits are
locked, then tokenized into e-objects, and thus sequestered for premia only, as per the
agreed rules. Contributions could also be made, as in an ex-post mutual fund, and these
could henceforth be instantaneous at the time income is realized. An additional rule
could be the exclusion of an agent when due ex-post premia are not paid. This requires
a public commitment to such governance. Thus, rules for governance are an important
aspect of digital platforms. Finally, a hybrid scheme can use both prepaid collateral and

sanctions hence requiring less collateral.

1YWhile exclusion can be very effective as an incentive device, it can be time-inconsistent, in the sense
that there exist gains from trade and the parties may wish to re-negotiate ex post. Competition among
insurance providers may also undermine the ability to exclude agents.

2Theoretically, exclusivity could be a beneficial feature in information- or commitment-constrained
settings but this needs to be balanced against the usual welfare gains from competition.
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3.2 Private information

Although digital data allow granular targeting, as noted earlier the exact situation, e.g.,
the income or savings of an agent, may nevertheless remain unknown to others as an
unobserved type or unobserved choice/action of the agent. That is, an agent may not want
to share some private information for fear of expropriation by the state or by those in the
local community. The mechanism-design remedy is to use hybrid risk-sharing contracts
with incentives to induce truthful self-reporting, i.e., honest messages about unobserved
underlying states or actions. Furthermore, these messages and underlying balances on
ledgers would be encrypted so as to conceal them from others, although the code can
operate on the encrypted messages just as it would on the original unencrypted ones
using homomorphic encryption. That is, the original underlying message space is one-to-
one with the encrypted space but the encrypted messages are impossible to decipher. It
is not necessary to have a (potentially not trusted) intermediary as the interface between
messages and outcomes. All is done in the code, even though the inputs into the code
are encrypted. Furthermore, the code can run offline, not on a blockchain, thus avoiding
costly validation once the objectives and performance targets are agreed. Private sector
entities can utilize code with encryption as an alternative institutional implementation

so that they too have no access to the underlying private information.

Again, a simple two-period model with high and low incomes helps to illustrate how
this would work (see Table 2). Suppose, as a benchmark case, that each agent contracts
not with others individually but through a risk-neutral intermediary /platform absorbing
risk or a large mutual fund that pools funds. As a starting point, imagine that at period
t those with high incomes can save and those with low incomes can borrow individually.
With underlying period-t income (high or low), unobserved, it is up to the agent to decide
whether and how much to borrow from or lend to the platform. A market-determined
interest rate can be used. The agents take the borrowing or lending position in the first
period t voluntarily. It is also assumed that transfers at period ¢t + 1 are determined
entirely by the agents’ positions in period . In the two-period model shown in Table 2
there is no additional insurance possible at t 4+ 1. Limited commitment in repayment of a
loan at ¢ + 1 is not considered to be an obstacle here, as in this section we focus instead
on private information but, as earlier, one can use collateral and exclusion, as detailed

below.

Such borrowing or lending is, however, not the best information-constrained arrange-
ment. It is more efficient to move partway toward full insurance, to an ad hoc risk-sharing
rule. Townsend (1982) shows that a constrained-optimal hybrid arrangement, essentially
combining risk sharing with borrowing and lending, can yield higher welfare to the agents
than strict borrowing and lending. The essential idea is that when an agent claims low
income the incoming indemnity transfer is larger than what a loan would be in the pure

borrowing/lending scheme. Likewise, the amount invested as premium when high income
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Table 2. Constrained-optimal combination of borrowing and lending and risk sharing as
in Townsend (1982)

Period Gross income Borrowing/lending (B/L) Disposable income
Agent A Agent B Agent A Agent B Agent A Agent B
t 90 30 —15 +15 75 45
t+1 48 18 +15 —15 63 3
Combining B/L and risk sharing
t 90 30 —15 +15 75 45
t+1 48 18 +7.5 —7.5 95.95 10.5

Note: in this ad hoc scheme the agents lend one another one quarter of their income difference in period
t and repay it in period t+1, assuming a zero interest rate. The repayment in period t+1 can be
reduced, to take into account the large gross income difference in that period. In the case combining
borrowing/lending and risk sharing, we show the effects of reducing the reimbursement by one quarter
of the income difference in period t+1.

is claimed would be higher than the savings in the pure borrowing/lending scheme. The
loan is repaid in the second period but less compared to in the case of pure borrowing,
and the return on savings is lower than in the case of pure investing. The scheme is
designed to be incentive-compatible so that messages about the gross incomes received
are truthful. The intuition is that period-by-period full risk sharing would be best but it
is not attainable, so transfers are attenuated. To be incentive-compatible, what happens
in one period is tied to future periods. The agent with private information internalizes
this trade-off, which would itself be a distortion relative to the first-best world, and so
the tool is used sparingly. Note, in particular, that the history of incomes is an inherent
part of the platform in this example, and it is an input into the if/then statements of the
digital code. Which branch is applicable depends on the past history of messages which
are stored on the platform in an encrypted database. There is a common underlying
state of what is in each of the participants’ accounts, consistent with their history on
the platform but accounts can be partitioned and kept private using both homomorphic

encryption and multi-party computation.

This logic can be extended to the case of two agents and no risk-neutral principal.
The optimal achievable insurance contract without information problems, i.e., with public
information on incomes, would predict that the agents insure one another by agreeing
that the repayment of loans should depend on the income flow in the period when the
loan is repaid. To fix ideas, assume independent and identically distributed income shocks
between the two agents where the agent who draws a high income at time ¢ is lending to
the agent who draws a low income at . It is optimal in ex-ante terms that if the lender
in period ¢ once again has a higher income than the borrower in period ¢ 4 1, then the
repayment of the loan contracted at ¢ would be reduced by a factor that depends on the

preferences and the amount of income risk for the two agents.
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Income information here is private but as before each agent can be given an incentive
nevertheless to announce truthfully in period t if their current message constrains future
outcomes at ¢t + 1, as is in the constrained-optimal hybrid contract with a risk-neutral

principal described above. An ad hoc example for two agents is displayed in Table 2.

The main intuition in Townsend (1982) is that adding risk sharing to borrowing and
lending can be Pareto-improving in ex-ante terms. Table 2 provides the intuition. While
in period ¢ it makes sense that agent B borrows from agent A, paying back this loan in
period t + 1 could be very costly in utility terms for agent B because her gross income of
18,000 is very low. Hence, the possibility of moderating the repayment as a function of

realized income in period t 4 1 is optimal.

It might appear that gains from trade for a given agent are still limited in the second
period t 4+ 1, but now, with two agents, the outcomes can depend on what the other
agent announced at ¢, which can be kept private from others and from the platform
via encryption. Nevertheless, appropriate randomization of the actual transfer that each
person receives is still possible, so that any individual history can be concealed. It might
be tempting for an agent to claim low income if that agent knew the overall state including
the history of all agents, in order to claim a (larger) indemnity or pay a lower premium.
However, the same message may incur a heavy penalty for some realizations of the history
of what the other agent claimed at the same period ¢t. The intuition is that insurance is
limited when the history is known, akin to letting an agent buy insurance after knowing
that there will be a loss; likewise, insurance is possible when keeping some of the history

concealed.

A powerful encryption tool is multi-party computation, in which individual states can
be concealed while added up and revealed as an aggregate to everyone. This aggregate
can be used to execute an insurance option with others. For example, several agents in a
village can self-report an unobserved component of income. These components are added
up, and if low in the aggregate, be used as a claim for an incoming village-level indemnity

from other villages, or if high, the village would pay a premium.

3.3 A two-period illustration

We compare and illustrate the impact of financial, information, and commitment con-
straints on the ability of agents to smooth consumption and share income risk via a
two-period computed numerical example displayed in Table 3. Suppose income in each
period can take two possible values, either yy=>5 (high income) or y;,=1 (low income),
each with probability one half. For simplicity, suppose the agents have log utility of
consumption, [n(c) and there is no discounting across the periods. The agents maximize
their expected utility of consumption for the two periods subject to different constraints

corresponding to the financial regime they are in.
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We consider a broad range of financial regimes: autarky (no smoothing, consumption
equals income in each period and state), saving only (an agent can only smooth via
savings in a non-contingent asset), borrowing and saving (an agent can save or borrow
in a non-contingent asset), hidden income (agents interact with an insurance platform
subject to an information constraint, namely the agent’s income realization is unobserved
by the platform), limited commitment (the agents interact with a platform subject to a
commitment constraint, namely they cannot commit not to renege on a payment and
switch to autarky if this is in their interest), hidden income + limited commitment (both
the information and commitment constraints are present), and full insurance (the first-
best arrangement allowing unconstrained state-contingent risk-sharing transfers). The
agents, in the saving only or borrowing and saving regimes, or the platform, in the other
non-autarky regimes, are assumed to have access to a non-contingent asset with period

return (gross interest rate) equal to 1.

Table 3. Optimal risk sharing with different financial, information or commitment con-
straints (two-period example)

Transfers Period 1 Period 2 Expected
TH T, | THH THL TLH TLL utility
Autarky 0 0 0 0 0 0 1.61
Full insurance (first best) -2 2] =2 2 =2 2 2.20
Saving only —-1.4 0] 14 14 0 0 1.73
Saving and borrowing -14 03| 14 14 -03 -0.3 1.75
Hidden income -18 09| 1.1 11 -02 -0.2 1.87
Limited commitment —2.1 0.7 0 1.9 0 0.7 2.03
Hidden income-limited commitment | —1.7 0.5 | 1.2 1.2 0 0 1.85

Note: the table shows the optimal transfers 7;;, defined as the difference between consumption and
income in state ij where i denotes first-period income (H, high or L, low) and j denotes second-period
income. The computation assumes no discounting, zero interest on saving or borrowing, and log utility.

Table 3 shows the optimal transfers (the difference between consumption and income
in any given period and income state) computed for each of the different financial settings.
Transfers are signed, so that a positive value means incoming to the household and
negative means out-going from the household. Saving is out-going, in the sense of not
being available for current consumption, so the “transfer” in that case (e.g., state H) is
negative. In many of the regimes the transfer value shown includes both savings and

insurance premium.

In the autarky regime consumption always equals income (no smoothing is possible)
thus the reported transfers in all periods and states are zero. In contrast, full insur-
ance calls for a premium of —2 (half of the difference between the high and the low
incomes) whenever income is high and an indemnity of +2 whenever income is low so

that consumption equals the expected income (3) in all time periods and states.

In the saving-only regime, the agent saves when first-period income is high (transfer
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—1.4 in state H) and receives back the same saved amount (transfer +1.4) regardless of
the income state in the second period (states HH and HL). That is, the first and second
period transfers are equal in absolute value but have opposite signs. If first-period income
is instead low (state L), the agent is unable to smooth consumption and therefore the
transfers in states L, LH and LL equal 0.

In the saving and borrowing regime the agent saves (transfer —1.4) when first-period
income is high (state H), which is then received back in period 2 states HH and HL, as in
the saving-only regime. However, unlike before, the agent is now able to borrow (trans-
fer /loan +0.3) when first-period income is low (state L), which is then repaid (transfer
—0.3) in second-period states LH and LL. In the latter case the agent is vulnerable and
consumes less than y;. Commitment to repay the loan is assumed; if commitment were

absent, the outcome would be the same as in the saving-only regime.

In the hidden income regime, the truth-telling constraint implies that the second-
period transfers cannot depend on the second-period income — otherwise an agent would
claim the income level yielding a larger transfer. However, these transfer can and op-
timally do depend on the first-period income, i.e., there is history dependence, see
Townsend (1982). More smoothing is attained than in the saving-only and the sav-
ing and borrowing regimes. Note the opposite signs of first- and second-period transfers
depending on the income state, although the magnitudes are attenuated in the second
period. Specifically, the agent receives a larger indemnity, a transfer of +0.9, if first-
period income is low (partial insurance), followed by paying a premium (transfer of —0.2)
in states LH and LL. If instead the first-period income is high (state H), the agent first
pays a premium (transfer of —1.8) and then receives back +1.1 in second-period states
HH and HL. Note that in the hidden income regime the platform can enforce payment
of premia in states LH and LL since we assume that there is no commitment problem.

Having to pay a premium in the low-income state LL is hurtful for the agent.

In the limited commitment regime, if income is high there is a larger optimal first-
period premium (—2.1) compared to in full insurance and a partial indemnity (+0.7) if
the first-period income is low. In the second period, the risk-sharing platform cannot
enforce paying a premium because of the commitment problem (see states HH and LH
with transfer 0), however, the agent still optimally receives an indemnity (financed by the
large first-period state H premium) if her second-period income is low, including in the
state LL. The limited commitment regime thus deals with vulnerability at low-income

draws in both periods, unlike any of the other constrained regimes.

In the combined “hidden income + limited commitment” regime, the optimal contract
has to deal with both asymmetric information and commitment problems at the same
time. Naturally, this results in lower expected utility for the agent than when facing each
obstacle on its own, however, note that the constrained optimal risk-sharing contract still

achieves more consumption smoothing and higher expected utility than the saving only
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and the saving and borrowing regimes.

Finally, moral hazard as an obstacle to risk sharing can be included too, by extending
the model to allow for an unobserved action (e.g., effort) affecting the income probabil-
ities. As a result, partial insurance obtains which reduces effort (the crux of the moral
hazard problem) but this trade-off is optimized and there is still a gain in expected utility

and consumption-smoothing relative to autarky or saving only.

4  Assessing and Implementing Improved Risk-sharing Schemes

4.1 An algorithm for estimating and assessing obstacles to risk sharing

The approach of Karaivanov and Townsend (2014), hereafter KT, allows a quantitative
assessment of the gains from participating in an insurance platform and describes the
mechanisms through which such a platform can overcome, or at least greatly mitigate, ob-
stacles due to limited commitment or asymmetric information. Specifically, the approach
can determine whether existing financial arrangements on the ground are exogenously
incomplete, as in buffer-stock savings or borrowing/lending schemes, or endogenously in-
complete, constrained by various explicit obstacles to trade. The approach uses structural
estimation to compare data against numerically computed solutions of various financial
market settings, with the end goal of determining the precise type of friction (e.g., bor-
rowing constraints, information or commitment obstacles) that best matches the data.
Identifying the underlying financial setting (obstacle to trade) and model parameters al-
lows for informed and more reliable evaluation of counterfactuals and their associated

welfare gains, for example, a switch to a less constrained financial environment.

The data used in the KT approach can be cross-sectional, time-series, or panel, as
available. Variables at the household level can include consumption or expenditure, in-
come, capital and/or investment. Karaivanov and Townsend (2014) analyzed communi-
ties of farm and non-farm businesses in rural and urban areas of Thailand. An extension
analyzed banked and unbanked businesses in Spain (Karaivanov et al., 2019). Preced-
ing work included retrospective surveys on wealth and distinguishing across alternative

models of occupational choice subject to financing constraints (Paulson et al., 2006).

The financial settings studied in KT include the exogenously incomplete market set-
tings discussed above (autarchy, saving-only, and non-contingent debt subject to natural
borrowing limit), as well as financial /information environments with obstacles to trade'
that limit insurance, including constraints stemming from limited commitment, unob-

served income or moral hazard with an unobserved action, with the former two discussed

I3By obstacle to trade, we mean any real-world information, commitment or other constraints that
render the full-information optimal risk sharing infeasible.

18



in Section 3.!*

In the underlying economic environment in KT, risk-averse households run SMEs with
capital and labor inputs. Income is endogenous and subject to idiosyncratic random
shocks. The inclusion of capital recognizes that business investment is jointly determined
with household consumption in utilizing the available (disposable) income, and poten-
tially subject to financing constraints. Including capital and its dynamics over time is also
particularly relevant for the possible occurrence and persistence of poverty traps, as dis-
cussed in Section 2. Indeed, households who cannot invest because of low-income shocks
may deplete their working capital and reduce their wealth and consumption over several
years. The KT environment is dynamic, with multi-period contracts and extends to in-
finite horizon planning. The computational approach allows arbitrary functional forms
for preferences and business technology (e.g., non-parametrically calibrated from the
data) while standard parametric versions such as constant relative risk aversion (CRRA)
preferences and Cobb-Douglas production functions are also featured, with parameters

estimated from the data.

The main insight in KT is combining linear programming with maximum likelihood
estimation. This allows for a direct mapping between the numerical solutions for the dif-
ferent financial settings, already in probabilistic form,' and the likelihood (a measure of
the models’ fit with the data) which may be unavailable using other solution and estima-
tion methods. The method allows for measurement error, estimation of the distribution
of unobserved state variables, and the use of data from transitions before households

reach a steady state.

Crucially, KT find that Thai households running SMEs who live in rural areas face
different financing constraints from households in urban areas. The best-fitting financial
regime in the villages is typically saving-only or non-contingent borrowing and lending,
while the best-fitting financial regime in the urban areas is endogenously constrained by
information constraints (moral hazard). This conclusion mirrors other work that analyzed
the Townsend Thai data such as Paulson et al. (2006) and Ahlin and Townsend (2007).

This evidence shows, that for specific groups of households, access to safety nets is
much more limited. These groups would benefit most from improving access to better
income insurance. The welfare of such households, either in terms of insulating con-

sumption and preserving their investment into their working capital (indeed, many are

“More recent work by Ru and Townsend (2022), includes costly state verification, as in Townsend
(1979), in which output/income can be verified at a cost. Additionally, these methods allow combinations
of obstacles as part of the same environment, for example moral hazard with unobserved output or limited
commitment.

5For the exogenously incomplete markets settings (e.g., saving-only), one maximizes the agents’ util-
ity subject to resource and borrowing constraints. For the obstacle-constrained financial/information
settings, one maximizes the profits of an intermediary (insurance platform) subject to a specified utility
level for the agents with a parametric distribution estimated from the data or set to generate zero ex
ante profits for the intermediary as in actuarily fair insurance.
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self-employed) could increase considerably. In addition, to the extent that the cyclical
fluctuations of income can also be smoothed via inter-temporal risk-sharing schemes,

recessions would be less deep and possibly less frequent.

The welfare of households altogether combines the level of consumption and its smooth-
ness from period to period. As is well known, households typically value such smoothness,
notably to avoid having to cut consumption drastically in some periods. This preference
is typically associated with the notion that households are averse to income risk. It also

confirms the preference for avoiding insecurity and volatility of income.

4.2 Quantifying gains from improved risk sharing
4.2.1 Rural Thai households

We use the KT approach described in Section 4.1 to showcase new computed examples
that demonstrate the gains from improved safety nets and risk sharing in a developing
country context. We compare a very constrained financial setting, in which households
can only save, with a setting in which households can both save or borrow at a fixed
interest rate, and with an insurance platform setting with contingent transfers (premia
or indemnities) subject to a limited commitment friction. In the latter case, a household
may decide to leave the insurance scheme, for example, after high income realization,
and move to the save-only setting. This commitment problem may constrain the degree
of feasible risk sharing by requiring that incentive-compatible participation be respected.
Likewise, the commitment problem can reduce borrowing to saving-only, if households
refuse to pay back loans voluntarily. The insurance regime allows borrowing, including
premia paid into an insurance pool, then rebates when a household would be unable
to pay back a loan, also with accounts sequestered in escrow, preventing households
from being over-indebted in the first place, but all subject to limited commitment (and
more generally obstacles to trade) and to initial voluntary participation and voluntary

contributions.

We quantify the gains from improved insurance for a sample of 140 rural Thai house-
holds with limited family connections, who own and run small businesses. Previous work
(Karaivanov and Townsend, 2014; Ru and Townsend, 2022) has shown that this group
tends to be the most vulnerable, e.g., the financial regime that best characterizes their
ability to smooth income shocks corresponds either to savings only 1 or to savings with
limited borrowing. Conversely, these are households who are the most likely to benefit
from new tools which allow improved information flows and trust among strangers. Fig-
ure 1 displays summary information for the sample. There is substantial variation in
the consumption and capital stock in the cross section of households, for various year,
(Panels A and B). Even more telling, there is substantial variation for a household over

time (Panel C). The median coefficient of variation of consumption of approximately 0.35
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Figure 1. Data summary — Thai rural households without kin
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Note: the left-hand and centre panels plot the cross-sectional distribution (inter-quartile range (IQR),
mean, median, 10th and 90th percentile) of consumption and capital stock across the 140 households.
The right-hand panel plots the cross-household distribution of the coefficient of variation of consumption
and capital computed over the time period 1999-2005. The average income of approximately 60K Thai
baht for this sample was equivalent to USD 5.5K in PPP terms.

means that for the median household consumption is below two standard deviations of
the mean once every 12 years. As a median, half the households bear more risk than
that. The implications for capital should not be ignored either. Variability in investment
reflects sensitivity of investment to cash flow, that is, households being constrained from
taking advantage of productive opportunities (Samphantharak and Townsend, 2018) for
lack of funding. This implies potentially large welfare gains from smoothing consumption

and capital investment, which we quantify and illustrate next.

Figure 2 plots the model-simulated time paths of income, consumption and capital
(top panels) for an example household with zero initial savings or debt and positive initial
capital stock. We use the estimated parameters from KT for the saving-only setting and
the sample of 140 households without kin network in 1999. (Figure 1). We plot the
model-simulated time paths for the two exogenously constrained settings (save-only, in
blue and borrow/save, in red) and for the insurance setting with limited commitment, in
yellow. In this example an exogenous income process is imposed (the dashed black line)

common to all the graphs.

Figure 2 shows that the insurance scheme achieves a significantly smoother consump-
tion profile over time than the save-only and borrow/save settings, implying a welfare
gain. In addition, the insurance platform allows the households’ capital stock to reach its
optimal level very quickly, essentially “borrowing” from future or higher income states.

In less perfect regimes capital stays low, reflecting a kind of poverty trap. Thus, insur-
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Figure 2. Gains from insurance — example time paths
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Note: in model units. 1 model unit = 179,172 Thai baht.

ance implies an additional gain from production efficiency (and thus in expected income,
although in this simulation and the figure the effect of higher capital on income is sup-
pressed).! The insurance scheme is also able to maintain a high level of consumption
and capital over consecutive periods of low income, unlike the save-only or borrowing-
constrained settings. The bottom panels in Figure 2 show the mechanisms through which
consumption and capital stock smoothing is achieved in each setting — by running up or
down a buffer stock of savings or debt (Panel C) or by paying insurance premia or receiv-
ing indemnity payments (Panel D), depending on realized income in each period. Note
that for insurance, households frequently receive indemnities while those who experience

high income pay premia.

Figure 3 further explores the poverty trap possibility. The insurance platform/setting
can help financially constrained households who are unable to invest, because of an in-
ability or restricted ability to borrow. Figure 3 shows four such example households from

the model-generated data. They all have low initial capital stock, which in the save-only

16See Appendix Graph A2, in which we report simulated results allowing income to be endogenously
determined by each financial setting, as in KT (2014).
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setting implies low expected income, low consumption, and inability to invest. Saving
only is particularly damaging. Borrowing is helpful overall, especially for two of the four
households. For all of them, these obstacles are removed by participating in the insurance
platform, which allows these household to quickly build up their capital stock (plotted

on Figure 3) and attain higher expected income and consumption (not plotted).

The gains from improved risk sharing in the insurance setting can be quantified by
asking what amount a household would be willing to pay (from their wealth or savings) to
permanently move from a restricted financial setting (save-only or borrow/save) into the
insurance setting and be as well-off as in their current arrangement, in terms of the levels
of consumption that they can expect over time (the technical term used by economists
is present-value-expected utility of future consumption streams). Figure 4 computes and
plots these willingness-to-pay amounts in Thai baht as a function of initial capital in
hand, k. The gains from insurance expressed in terms of willingness to pay to enter the
scheme are very large, about 300,000 baht for the save-only setting and about 215,000
baht for the borrow/save setting. In comparison, median yearly consumption in the
sample is about 59,000 baht. The estimated gains do depend on the risk-aversion value
used in the simulations (for readers familiar with functional forms for utility functions,
the figure uses a CRRA function with risk-aversion coefficient estimate 2.9) but remain
large compared with median yearly consumption if the households were less risk-averse

than estimated: see Appendix Figure A3.

In Figure 5 we further illustrate and quantify the distribution of gains from improved
insurance for all 140 Thai rural households over the period 1999 to 2005. We use the
actual income data for each household and year (mapped onto a discrete grid for the
computation, see KT) and the actual initial capital stock for each household.!” Figure 5
shows that, for the same estimated parameters used to simulate the three settings which
feature relatively high risk-aversion (for readers familiar with utility functions, here we use
a CRRA coefficient of 2.9) and hence a strong dislike for consumption variation across
time and income states, the insurance platform smooths the households’ consumption
and capital almost perfectly, confirming the intuition from the example in Figure 2. The
degree of smoothing is significantly larger than that in the save-only and borrow /save
settings, where the ability to smooth consumption and business capital is constrained
by the restricted financial instruments available to the households. Note also that the
levels of consumption and capital in the insurance setting are higher for the majority of

households, as compared with the other two financial settings.

The consumption gains of moving to the insurance scheme are large (see Figure Al

in the Appendix). Indeed, the median estimated increase in consumption from improved

1"Tn this simulation the initial debt/savings for each household are set to zero in the save-only and
borrow /save settings and the initial household present value (promised) utility is set to the level achieving
zero ex ante profits for the insurance scheme in the limited commitment insurance setting.

23



Figure 3. Gains from insurance — overcoming poverty traps — capital
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Figure 4. Gains from insurance — willingness to pay
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insurance is almost 200% in 1999 and 90% in 2005 for the save-only setting (Panel A) with
the median increase for the other years in between these numbers, and between 158% in
2001 and 62% in 2005 for the borrow/save setting. Some households with particularly
low consumption in the constrained settings register gains of 800% or more. Since the
insurance setting smooths out the cross-sectional and time variation of consumption, a
relatively small fraction of households end up with a lower level of consumption in the
insurance setting. However, they still attain higher expected utility than in the other

settings because of the hugely reduced variability of their consumption.

Figure 5. Gains from insurance — consumption and capital smoothing
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Figure 6 illustrates the mechanism through which the insurance platform achieves
consumption- and investment-smoothing. For the KT parameter estimates used in the
simulations, we see that most households in the insurance setting receive a net transfer
(indemnity). The indemnity is larger in the first period (1999) as a bulk of new investment

is undertaken to raise the households’ capital stock to the optimal level (see Figure 5).
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Panel 7.B shows the distribution of the premia (in dark color) or indemnities (in white)
across all 140 households and the seven years of data. We see that very few (only four)
households are net contributors in all years; the rest of the households are either receivers

of indemnity in some of the years or (if their income is consistently low) in all years.'

Figure 6. Insurance premia and indemnities
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Note: Insurance premium (if positive) or indemnity (if negative) is defined as household income minus
(consumption plus investment). In the right-hand panel, each vertical bar denotes a household; a dark
color indicates a net contributor (paying a premium) in a given year, while a light color indicates a net
receiver (receiving an indemnity).

4.2.2 Spanish firms

A second application of the KT approach demonstrating the gains from improved risk
sharing is based on Karaivanov, Saurina and Townsend (2019), hereafter KST, who exam-
ine the effect of financial constraints on business investment and cash flow using Spanish
firm data. The authors classify firms according to whether they are family-owned or
belong to a family-linked network, versus not family-owned, and according to the firms’
number of banking relations (with none, one, or several banks). Estimating alternative
financial settings via maximum likelihood, the authors find that family firms are less
financially constrained and better able to allocate funds and smooth investment across
states of the world and time than non-family firms, especially compared with unbanked

non-family firms.

We thus use the sample of unbanked non-family firms (N=14,152) in the period 2004

07 and the structurally estimated parameters for the save-only setting from KST, to

18The simulation assumes zero ex ante profit (no ex ante deficit or surplus) for the insurance platform,
based on contracting with a large number (continuum) of households facing an endogenously modelled
income process (see KT). For a specific sample of households and income realization paths, e.g., such as
those featured here, the platform may incur a deficit or surplus.
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evaluate the gains from the smoothing of cash flow shocks on the firms’ business capital
investment. Unlike in our application to Thai households in Section 4.2.1, the firms are
assumed to be risk-neutral in KST and hence the focus is on investment and capital-

smoothing and not on consumption-smoothing.

Figure 7 illustrates and quantifies the gains from improved insurance by comparing
the distribution of firms’ capital stocks in three alternative financial settings: save-only,
borrow /save, and limited-commitment constrained insurance, analogous to Figure 5. We
use the actual cash flow series for each firm and year mapped onto a discrete grid for the
computation (see KST) and the actual initial capital stock for each firm. Figure 7 shows
that, for the same estimated parameters used to simulate all settings, the insurance set-
ting results in almost perfect smoothing of firms’ capital and investment, confirming our
findings from Section 4.2.1 and Figure 5. In contrast, in the save-only and borrow/save
settings, the firms’ ability to smooth investment and the resulting capital level is con-
strained, which results in some firms being unable to attain or maintain the optimal level

of capital investment when facing negative cash flow shocks.

Figure 7. Gains from improved risk sharing, Spanish firms - Capital
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5 Conclusions

We reach four main conclusions. First, the gains from new designs for risk-sharing safety
nets under the proposed framework can be large vis-a-vis the currently existing social
policies or reliance on individual savings and absence of pooling. The gains are the
largest for households and SMEs with limited family networks and no access to financial

services.!'?. Second, improved insurance against income shocks can limit the occurrence

9The gains from sharing macroeconomic risks could also be significant across regions or countries;
e.g., see the application of our framework to an incentive-compatible unemployment re-insurance scheme
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of poverty traps and reduce inequality of opportunity and income. It also allows for
income-smoothing, which could significantly reduce income insecurity and volatility, in
turn contributing to macroeconomic stability. Third, we show how the Karaivanov and
Townsend (2014) approach can be used to characterize the financial setting of different
groups of economic agents and quantify the welfare gains associated with new and im-
proved mechanism-design based safety nets. Finally, we outline how digital safety nets
can be implemented using financial apps or smart contracts on digital platforms coded

to address asymmetric information or commitment obstacles.

The welfare gains we quantify come from multiple metrics. The first is a better
smoothing of idiosyncratic shocks, hence less variable individual consumption. Related
to this, investment can be based more closely on productivity and less sensitive to fluctu-
ations in cash flow. Comparing levels with and without improved insurance, the capital
stock can rise substantially, helping people to escape or avoid a poverty trap. With the
resulting output increase, consumption would also rise. In the model these gains are
captured by ex-ante expected utility increases but we translate them into real terms, i.e.,

the amount a household is willing to pay to join the insurance platform.

From a policy perspective, our results can be used to inform innovation and comple-
ment existing policy design and as basis for safety nets in a broader perspective, improving
on centralized top-down allocations of public resources to households or firms that are
often subject to cyclical fluctuations, fiscal constraints or political disputes. Even with
improved targeting and information about income thresholds for eligibility, existing social
safety net approaches often only mitigate risks when they become systemic in a macro-
stabilization perspective (e.g., the GFC, Covid-19, the war in Ukraine). These safety
nets have limitations and fail to cover some unexpected idiosyncratic events that could
be insured in a decentralized, bottom-up, voluntary and cooperative manner. In addition,
despite built-in automatic stabilizers, the current policies have implementation lags due
to the need to identify macroeconomic triggers to justify their deployment (e.g., crises,
large capital outflows etc,) and these lags, and/or the lasting aftermaths of recessions,
may themselves cause local poverty traps. Delays in implementation sometimes suffice
to create income insecurity and excessive volatility for vulnerable households, including
the self-employed and SMEs. In contrast, an approach that uses programmable digi-
tal platforms can complement the current policy tools with rapid risk-sharing assistance

mechanisms that provide near real-time payments before official transfers are released.

Several caveats are in order. First, the gains from improved risk sharing, despite the
existing obstacles, depend on household preferences and on SME technologies. If we have
overestimated risk aversion, then we have overestimated the welfare gains. However, we

have done robustness checks, which show substantial gains nevertheless. Relatedly, the

for the euro area in Karaivanov et al. (2026)
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investment gains can be substantial, as illustrated in the case of Spanish firms. Second,
there may also be a learning-by-doing transition when new platforms are introduced, with
the need for potential initial subsidies, but we leave that for another paper and perhaps
controlled trials. A third caveat is the institutional context in which the innovation would
take place, which we have not yet explored. In Thailand, one idea is to allow voluntary
participation at the village level through the pre-existing and near universal Million Baht
village funds which provide credit. Of course, Thailand is intended as illustrative of
the possible gains, and other countries could consider public, private or public-private
platforms that are increasingly a part of the policy debate, both within the country and
internationally (BIS and the IMF). Finally, any intervention that is scaled up can have
general equilibrium effects on prices as shown in Ji et al. (2022) where interventions take
the form of permitted bank branch expansion. In the data, and in the calibrated model,
the expansion is spread out over time, leading to cross-market inequality. Related are
welfare gains or losses due to general equilibrium effects. While everyone gains if there
are no pre-existing commercial bank branches in a market and these gains are substantial

for all, some agents in markets with pre-existing branches can take a loss.

Finally, we do not minimize the importance of improving the existing social safety
nets and do not suggest that the debate about broad social policies and their overall re-
source envelope is unnecessary. This paper does not by any means suggest a substitution
and/or a reduction of existing nets and their funding in favor of a “risk sharing only”
approach. In fact, given the large potential efficiency gains from improved risk sharing, a
promising program would be to make both approaches complementary, so that risk shar-
ing becomes integral part of policy design. The benefits of digital platform technologies
can expand economic opportunities for local SMEs and low-income households which are

most frequently subject to the income shocks that feed inequality and volatility.
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6 Appendix

Figure Al. Gains from insurance — consumption growth
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Note: The figure plots the distribution of consumption growth, defined as the ratio of the consumption
level in the insurance setting to the consumption level in the restricted setting (save-only or borrow /save),
computed for each household and year.

Figure A2. Gains from insurance — capital accumulation
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Note: The figure plots the distribution of end-of-period capital stock for each of the three settings
(save only, borrow /save, and insurance). Each household is initialized at its 1999 capital from the data,

with zero debt or savings and the ex ante utility yielding zero insurer profits. The income process is
endogenous, as implied by the model solution. Units are thousands of Thai baht.
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Figure A3. Willingness to pay for insurance (robustness)
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Note: We plot agents’ willingness to pay to move to the insurance setting, as in Figure 5, computed
for different values of risk aversion in agents’ preferences: the baseline estimate (panel A), lower values
(panels B and C), and a smaller discount factor (panel D). Units are thousands of Thai baht.
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