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[4] “Structural Changes in Networks: Estimation and Evidence from Financial Institutions” 

 

Abstract: Financial institution networks potentially feature large structural changes over time, which would 

affect the systemic risk of the whole system. This paper focuses on the Diebold-Yilmaz connectedness 

measure obtained via variance decomposition, and provides a fused Lasso method to estimate structural 

changes in the VAR coefficients. To address the high-dimensionality problem along both cross-sectional 

and time-series dimensions, the fused Lasso estimator penalizes the VAR coefficients as well as their 

successive differences. I prove that under reasonably general conditions, the proposed method can 

consistently detect the unknown number of breaks, the estimated break dates are sufficiently close to the 

true dates, and the estimated coefficients asymptotically converge to the true values. Monte Carlo 

simulation evidence is presented, along with an application to stock return volatilit ies of the major financial 

institutions traded in the U.S. stock market. Results show that structural changes in the interaction pattern 

are more responsible for the recent financial crisis, while the effects of unfavorable individual shocks are 

negligible. 

 

 

[5] “Commodity Connectedness” (joint with Francis X. Diebold and Kamil Yilmaz) 

 

Abstract: We use variance decompositions from high-dimensional vector autoregressions to characterize 

connectedness in 19 key commodity return volatilities, 2011-2016. We study both static (full-sample) and 

dynamic (rolling-sample) connectedness. We summarize and visualize the results using tools from network 

analysis. The full-sample results reveal clear clustering of commodities into groups that match traditional 

industry groupings, but with some notable differences. The energy sector is most important in terms of 

sending shocks to others, and energy, industrial metals, and precious metals are themselves tightly 

connected. 

 

 

Computation Skills: R, C++, MATLAB, EViews, Stata, SAS 

 

Languages: English (fluent), Chinese (native) 

 

 

 

 

 



Dissertation Abstract Essays in Econometrics Laura Liu

My dissertation consists of four chapters that develop and implement shrinkage methods that facilitate estimation

and improve forecasting performance in high-dimensional panels. Chapter 1 develops semiparametric Bayesian

density forecasts for a panel of �rms or households. Chapter 2 constructs a novel predictor for point forecasts

in a similar panel data context utilizing Tweedie's formula. Chapter 3 studies a network of global banks using a

high-dimensional VAR, estimated via Lasso methods. Chapter 4 proposes a fused Lasso estimator to identify and

analyze structural changes in high-dimensional networks.

1. �Density Forecasts in Panel Data Models: A Semiparametric Bayesian Perspective�

(Job Market Paper)

Panel data, such as a collection of �rms or households observed repeatedly for a number of periods, are widely used in

empirical studies and can be useful for forecasting individuals' future outcomes, which is interesting and important

in many cases. For example, in the context of young �rms, accurate forecasts can help investors select promising

startups and assist policymakers in regulating entrepreneur funding. This chapter constructs unit-speci�c density

forecasts using a dynamic linear panel data model with common and heterogeneous parameters and cross-sectional

heteroskedasticity.

For illustrative purposes, let us consider a simple dynamic panel data model:

yit = βyi,t−1 + λi + uit, uit ∼ N
(
0, σ2

)
,

where i = 1, · · · , N , and t = 1, · · · , T + 1. The yit's are observed individual outcomes, β and σ2 are common

parameters, λi's are unobserved individual e�ects with an underlying distribution fλ. Based on the observed panel

up to time T , I am interested in providing density forecasts of yi,T+1. Speci�cally, density forecasts can capture

uncertainty about individual i's future outcome, and thus are preferable in applications potentially involving sizeable

uncertainties for some units. Once density forecasts are obtained, one can easily recover point and interval forecasts.

A benchmark for evaluating density forecasts is the posterior predictive distribution for yi,T+1 under the as-

sumption that the common parameters and the distribution of the heterogeneous coe�cients fλ are known. I refer

to this predictive density as the (infeasible) oracle forecast. Even in the oracle forecast, there are two sources of un-

certainty, shocks uit and heterogeneous individual e�ects λi. The latter is due to the lack of time-series information

available to infer individual λi.

In practice, however, fλ is unknown and unobservable, thus becoming another source of uncertainty. A good

feasible predictor calls for a good estimate of fλ. Here I model fλ nonparametrically where the prior is constructed

from a mixture model and allows for correlation between λi and yi0 (i.e. a correlated random e�ects model).

Then, I pool the cross-sectional information to make inferences about fλ. The proposed semiparametric Bayesian

procedure produces better estimates of the underlying distribution fλ than parametric approaches, hence more

accurate density forecasts of the future outcomes.

The contributions of this chapter are threefold. First, I develop a posterior sampling algorithm speci�cally

addressing nonparametric density estimation of the unobserved λi's. For a random e�ects model, which is a

special case with zero correlation between λi and yi0, the f
λ part becomes a relatively simple unconditional density

estimation problem. I impose a Dirichlet Process Mixture prior on fλ and construct a posterior sampler building on

the blocked Gibbs sampler proposed by Ishwaran and James (2001, 2002). For a correlated random e�ects model,

I further adapt the proposed algorithm to the much harder conditional density estimation problem using a probit

stick breaking process prior suggested by Pati et al. (2013).

Second, I establish the theoretical properties of the proposed semiparametric Bayesian predictor when the cross-

sectional dimension N tends to in�nity. Firstly, I provide conditions for identifying both the parametric component(
β, σ2

)
and the nonparametric component fλ. Then, I prove that both the estimated common parameters and

the estimated distribution of the heterogeneous coe�cients achieve posterior consistency, which is an essential

building block for bounding the discrepancy between the proposed predictor and the oracle. Compared to previous

literature on posterior consistency, there are several challenges in the current setting: (1) disentangling unobserved

individual e�ects λi and shocks uit, (2) incorporating unknown shock size σ2, (3) adding lagged dependent variables

as covariates, and (4) addressing correlated random e�ects from a conditional density estimation point of view.
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Finally, I show that the density forecasts asymptotically converge to the oracle forecast in weak topology, which is

new to the nonparametric Bayesian literature and speci�cally designed for density forecasts.

To accommodate many important features of real-world empirical studies, I extend the simple model to a

more general speci�cation. First, a realistic application also incorporates other observables with common e�ects

(β′xi,t−1), where xi,t−1 can include lagged yit. Second, it is helpful to consider observables with heterogeneous

e�ects (λ′iwi,t−1), i.e. a correlated random coe�cients model. Finally, beyond heterogeneity in coe�cients (λi), it

is desirable to take into account heterogeneity in shock sizes (σ2
i ) as well. All numerical methods and theoretical

properties are further established for the general speci�cation.

Third, Monte Carlo simulations demonstrate improvements in density forecasts relative to predictors with

various parametric priors on fλ, evaluated by log predictive score. An application to young �rm dynamics also

shows that the proposed predictor provides more accurate density predictions. The better forecasting performance

is largely due to three key features (in order of importance): the nonparametric Bayesian prior, cross-sectional

heteroskedasticity, and correlated random coe�cients. The estimated model also helps shed light on the latent

heterogeneity structure and how di�erent factors (e.g. R&D, recession, etc.) contribute to the forecasts.

2. �Forecasting with Dynamic Panel Data Models�

(with Hyungsik Roger Moon and Frank Schorfheide)

In this chapter, we tackle a di�erent problem in a similar panel data setup as described in Chapter 1. Instead

of providing density forecasts via a full Bayes approach, here we consider point forecasts and use an empirical

Bayes method that builds on Tweedie's formula to obtain the posterior mean of the heterogeneous coe�cients. This

formula utilizes cross-sectional information to transform the unit-speci�c (quasi) maximum likelihood estimator

into an approximation of the posterior mean under a prior distribution that equals the population distribution

of the correlated random coe�cients. Moreover, we show that the risk of a predictor based on a nonparametric

estimate of the Tweedie correction is asymptotically equivalent to the risk of a predictor that treats the correlated-

random-e�ects distribution as known (ratio-optimality). Our empirical Bayes predictor performs well compared to

various competitors in a Monte Carlo study. In an empirical application we use the predictor to forecast revenues

for a large panel of bank holding companies and compare forecasts that condition on actual and severely adverse

macroeconomic conditions.

3. �Estimating Global Bank Network Connectedness�

(with Mert Demirer, Francis X. Diebold, and Kamil Yilmaz)

We use Lasso methods to shrink, select and estimate the network linking the publicly-traded subset of the world's

top 150 banks, 2003-2014. We characterize static network connectedness using full-sample estimation and dynamic

network connectedness using rolling-window estimation. Statically, we �nd that global banking connectedness is

clearly linked to bank location, not bank assets. Dynamically, we �nd that global banking connectedness displays

both secular and cyclical variation. The secular variation corresponds to gradual increases/decreases during episodes

of gradual increases/decreases in global market integration. The cyclical variation corresponds to sharp increases

during crises, involving mostly cross-country, as opposed to within-country, bank linkages.

4. �Structural Changes in Networks: Estimation and Evidence from Financial Institutions�

This chapter provides a fused Lasso method to estimate structural changes in networks. To address the high-

dimensionality problem along both cross-sectional and time-series dimensions, the fused Lasso estimator penalizes

the VAR coe�cients as well as their successive di�erences. I prove that under reasonably general conditions, the

proposed method can consistently detect the unknown number of breaks, the estimated break dates are su�ciently

close to the true dates, and the estimated coe�cients asymptotically converge to the true values. Monte Carlo

simulation evidence is presented, along with an application to stock return volatilities of the major �nancial insti-

tutions traded in the U.S. stock market. Results show that structural changes in the interaction pattern are more

responsible for the recent �nancial crisis, while the e�ects of unfavorable individual shocks are negligible.
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Research Papers: 

“Government Debt and Risk Premium” (Job Market Paper)  

I document that government debt is related to risk premia in various asset markets: (1) Debt-to-GDP 

ratio (BY) positively predicts excess stock returns with out-of-sample R-squared up to 35 percent in a 

five-year horizon, outperforming many popular predictors. (2) Higher BY is correlated with higher 

credit risk premia in both corporate bond excess returns and yield spreads. (3) Higher BY is associated 

with lower real risk free rate. (4) Higher BY predicts lower average returns on government debt. (5) BY 

positively comoves with fiscal policy uncertainty. I rationalize these empirical findings in a general 

equilibrium model featuring recursive preferences, endogenous growth, and time-varying fiscal 

uncertainty. In the model, the tax risk premium is sizable and its time variation is driven by fiscal 

uncertainty. Furthermore, the model generates endogenous positive relationship between BY and fiscal 

uncertainty: Fiscal uncertainty increases debt valuation through discount rate channel while higher debt 

conversely raises uncertainty because of future fiscal consolidation. 

 

“Volatility Risk Pass-Through”, with Ricardo Colacito, Mariano M. Croce and Ivan Shaliastovich 

We produce novel empirical evidence on the relevance of output volatility (vol) shocks for both 

currency and international quantity dynamics. Focusing on G-17 countries, we document several facts: 

(1) consumption and output vols are imperfectly correlated within countries; (2) across countries, 

consumption vol is more correlated than output vol; (3) the pass-through of relative output vol shocks 

onto relative consumption vol is moderate, especially if the uncertainty shocks originate from small 

countries; and (4) consumption differentials vol and exchange rate vol are disconnected, in contrast to 

the perfect correlation implied by a model of perfect risk-sharing with time-additive preferences. We 

rationalize these findings in a frictionless model with multiple goods and recursive preferences featuring 

a novel-and-rich risk-sharing of vol shocks. 

 

“Volatility, Financial Intermediaries and Exchange Rates”, with Xiang Fang 

This paper studies how financial market volatility drives exchange rates through the risk management 

practice of financial intermediaries. We build a model that the major participants of the international 

financial market are levered intermediaries subject to Value-at-Risk constraints. Higher portfolio 

volatility translates into tighter funding conditions. Thus, intermediaries require higher compensation for 

exchange rate risks. Our model can resolve the Backus-Smith puzzle and forward premium puzzle 

quantitatively. The relationship between exchange rate, portfolio volatility and funding condition 

tightness is consistent with the data. 

 



 

“On the Asymmetry of Global Spillovers: Emerging Markets vs. Advanced Economies”, with 

Rabah Arezki 

This paper examines growth spillovers between emerging markets (EMs) and advanced economies 

(AEs). Our empirical results based on a two-bloc set-up and covering the period 1991 to 2015 are 

twofold. First, we show that the size of the spillovers running from EMs to AEs is about one fifth of that 

running from AEs to EMs. Second, results point to spillovers from EMs to AEs having increased over 

the second half of the sample period. We present suggestive evidence that the (evolving) structure of 

interdependencies play an important role in explaining the existence of “asymmetrical spillovers” 

between these similar sized blocs. 

 

 

 

 

 

 

 



Dissertation Abstract

Yang Liu

My research has focused on the intersection of macroeconomics and asset pricing. In particular, I study

(1) the implications of government debt for asset prices, (2) the international transmission of output volatility

shocks to both currencies and international quantity dynamics, and (3) the determination of exchange rates

through the risk management practice of financial intermediaries.

Government Debt and Risk Premia

A major issue for economists and policymakers has been the macroeconomic effects of government debt.

The importance of government debt is also manifested in financial markets. This paper documents a set

of new facts about the effects of government debt on asset prices in the United States. High debt-to-GDP

ratio is related to high equity risk premium, high credit risk premium, low risk free rate and low expected

return on government debt. Furthermore, debt-to-GDP ratio positively reflects fiscal policy uncertainty. In

a general equilibrium model, I propose and quantify a fiscal uncertainty channel. Through this channel, the

government debt has asset pricing implications consistent with the facts.

Firstly, government debt-to-GDP ratio positively predicts excess stock return. Although stock returns

are documented to be forecastable by many financial and macroeconomic variables, the debt-to-GDP ratio

contains information beyond existing predictors, thus improving the predictive power. In a univariate pre-

dictive regression using debt-to-GDP ratio, the out-of-sample R2 reaches 35 percent in five-year horizon. In

comparison, out-of-sample R2 of many popular predictors are marginally positive.

Secondly, high government debt is related to high credit risk premia. One measure of credit risk premia

is the expected excess return on corporate bonds. The debt-to-GDP ratio positively predicts excess returns

on investment grade and high yield corporate bonds. Furthermore, yield spreads measure credit risk pre-

mium but also capture liquidity premium. Beyond the recent finding that government debt reduces liquidity

premium, I show that government debt raises the credit premium component of yield spreads.

Thirdly, higher debt-to-GDP ratio is associated with lower risk free rate and lower expected return on

government debt. In the default-free case, the government budget constraint implies that high debt-to-GDP

ratio is rationalized by three channels: (1) high future primary surplus, (2) high future growth, or (3) low

future return on government debt. I find that the third discount rate channel is empirically important.

Why does government debt have such significant effects on asset prices? Major existing channels of

government debt such as liquidity, safety and crowding out are silent or inconsistent with these facts. I pro-

pose a new channel–fiscal uncertainty–that can rationalize the empirical findings jointly. Government debt

reflects the risks in fiscal policy that drive the variation of risk premia. I propose a measure of fiscal policy

uncertainty by utilizing 169 macro variables and estimating a dynamic factor model with stochastic volatil-

ity. Fiscal uncertainty is measured as the common component of the conditional forecast error volatility

of the fiscal policy instruments. Empirically, fiscal uncertainty fluctuates over time and positively comoves

with the debt-to-GDP ratio with a correlation of 0.5. Furthermore, fiscal uncertainty affects asset prices in

the same way as the debt-to-GDP ratio.
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Through the fiscal uncertainty channel, the government debt has large asset pricing effects. I quantify

this mechanism in a general equilibrium model. The key ingredients of the model include recursive pref-

erences, endogenous growth through innovation and fluctuations in the volatility of corporate income tax

rate. Tax hikes depress the economic growth so that the persistent tax change is a source of growth risk.

Stock price drops with tax hikes because of both the tax payment and the lower cash flow growth. For fear

of the joint decrease of growth prospects and stock prices, agents demand a large equity premium. This risk

compensation is even larger when the “quantity” of risks increases in time of high fiscal uncertainty. Hence,

time variation in equity premium is driven by the fiscal uncertainty. In contrast, government bonds rally in

time of high tax, because lower expected growth induces the agents to purchase bonds. Thus, government

debt is a hedge against tax risks for investors and has a negative risk premium. In time of high fiscal un-

certainty, the hedging motive drives down the premium. Moreover, uncertainty increases the precautionary

saving motive and lowers the risk free rate.

The model generates the positive comovement between the debt-to-GDP ratio and the fiscal uncertainty.

Uncertainty lowers government bond return and raises the debt-to-GDP ratio through the valuation channel.

Conversely, debt generates uncertainty in future fiscal policy. The uncertain fiscal consolidation tends to be

more active and volatile when debt is high. The two directions reinforce each other. In equilibrium, through

the fiscal uncertainty channel, the debt-to-GDP ratio has implications for asset prices that are consistent with

the empirical findings. Beyond justifying the novel evidence, the calibrated model quantitatively explains

many observed features of asset market and macroeconomics dynamics.

Volatility Risk Pass-Through

(with Ricardo Colacito, Mariano M. Croce and Ivan Shaliastovich) We produce novel empirical evidence

on the relevance of output volatility (vol) shocks for both currency and international quantity dynamics.

Focusing on G-17 countries, we document several facts: (1) consumption and output vols are imperfectly

correlated within countries; (2) across countries, consumption vol is more correlated than output vol; (3)

the pass-through of relative output vol shocks onto relative consumption vol is moderate, especially if the

uncertainty shocks originate from small countries; and (4) consumption differentials vol and exchange rate

vol are disconnected, in contrast to the perfect correlation implied by a model of perfect risk-sharing with

time-additive preferences. We rationalize these findings in a frictionless model with multiple goods and

recursive preferences featuring a novel-and-rich risk-sharing of vol shocks.

Volatility, Financial Intermediaries and Exchange Rates

(with Xiang Fang) We study how financial market volatility drive exchange rates through the risk manage-

ment practice of financial intermediaries. We build a model that the major participants of the international

financial market are levered intermediaries subject to Value-at-Risk constraints. Higher portfolio volatility

translates into tighter funding conditions. Thus, intermediaries require higher compensation for exchange

rate risks. Our model can resolve the Backus-Smith puzzle and forward premium puzzle quantitatively. The

relationship between exchange rate, portfolio volatility and funding condition tightness is consistent with

the data.
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Job Market Paper: 

“Water, Spillovers and Free Riding: Provision of Local Public Goods in a Spatial Network”

Both  the  state  and  non-governmental  organizations  provide  public  goods  in  developing  countries,
potentially generating inefficiencies where they lack coordination.  In  rural  Tanzania,  more than 500
organizations have installed hand-powered water pumps in a decentralized fashion. I estimate the costs
of this fragmented provision by studying how communities' pump maintenance decisions are shaped by
strategic interactions between them. I model the maintenance of pumps as a network game between
neighboring communities, and estimate this model using geo-coded data on the location, characteristics
and  functionality  of  water  sources,  and  human  capital  outcomes.  Estimation  combines  maximum
simulated likelihood with a machine learning algorithm that partitions the data into geographic clusters.
Using exogenous variation in the similarity of water sources to identify spillover and free riding effects
between communities, I find evidence of maintenance cost-reduction spillovers among pumps of the
same technology and strong water source free-riding incentives. As a result, standardization of pump
technologies would increase pump functionality rates by 7 percentage points. Moreover, water collection
fees  discourage free  riding and would increase pump functionality  rates  by 11  percentage points  if
adopted universally. This increased availability of water would have a modest positive effect on school
attendance. This effect is twice as large for girls relative to boys.

Research in Progress:

“Strategic Interactions in the Estimation of Spillover Effects” (with Daron Acemoglu and Camilo 
Garcia-Jimeno)

Recent improvements in program evaluation techniques have allowed researchers to estimate the effects
of treatment on both participants (direct effects) and non-participants (spillover effects). However, this
paper shows that in the presence of strategic interactions between individuals affected by the treatment,
estimates of direct effects and spillover effects are biased. We propose a two-step procedure to test for
and correct this bias. The first step is a simple regression-based test for strategic interactions. Conditional
on finding evidence of  strategic  interactions,  the second step uses  a simple,  parsimonious model  to
estimate the underlying structural parameters. When the treatment variable is continuous, the second step
is a simple two-stage least squares regression and gives unbiased estimates of the direct and spillover
effects. However, when treatment is binary, the approach requires a Heckman-style correction to ensure
that the instrumental variable is valid when individuals choose whether to comply with their assignment
to treatment. We apply our methodology to three recent papers, and discuss how it can be applied to
other empirical contexts.
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ROSSA O'KEEFFE-O'DONOVAN
Dissertation Abstract

My dissertation comprises two chapters and examines how social interactions affect public goods provision
and affect  analysis of  treatment effects in developing countries.  My job market  paper demonstrates that
social interactions have significant effects on the availability of public goods in a setting where provision is
highly decentralized. In particular, I find evidence that free riding and spillover effects between communities
investing  in  water  pump  maintenance  in  rural  Tanzania  affect  water  access  and  related  human  capital
outcomes.  The  second  chapter  of  my  dissertation  is  methodological:  it  proposes  a  procedure  to  make
unbiased estimates of the direct and indirect effects of a treatment in the presence of social interactions
between potential recipients of the treatment. We combine a two-step experimental design with a simple
structural model  and apply our procedure to empirical data from three recent papers.

My job market paper,  Water, Spillovers and Free Riding: Provision of Local Public Goods in a Spatial
Network, analyzes the provision of water in sub-Saharan Africa, where approximately 32 percent of people
lack access to an improved source of drinking water within 1km of their household. Globally, more than one
billion people rely on hand-powered pumps as their main source of water, but about one third of these pumps
are non-functional. Both the state and non-governmental organizations provide public goods in developing
countries.  In  Tanzania,  more  than  500 organizations  have  installed  water  pumps,  potentially  generating
inefficiencies arising from lack of coordination on the technology and location of pumps. I analyze whether
this fragmentation of water provision in Tanzania can help explain the low functionality rate of pumps, by
affecting communities' costs of maintaining their pumps and their incentives to do so. 

I model the maintenance of pumps as a network game, in which communities decide whether to maintain
their pump given the existing network of installed water sources and their neighbors' maintenance decisions.
The model incorporates free riding between communities by allowing a community to use a neighbor's water
source if their own pump is non-functional, with the cost of access depending on the distance they must
travel and the characteristics of the alternative water source. There may also be spillovers in the cost of pump
maintenance:  a  community's  cost  of  maintaining its  pump depends on the maintenance decisions  of  its
neighbors. The cost of maintenance decreases for each neighbor that chooses to maintain its water source,
with the size of the discount depending on the distance between the water sources and how similar they are.
These maintenance spillovers may occur through a number of mechanisms, including the creation of markets
for spare parts, skill development, or sharing of maintenance costs and information.

Distinguishing social interactions from correlated effects is a major challenge in estimating network models
(Manski,  1993).  In  this  context,  spatial  correlations  in  pump  functionality  may  be  driven  by  social
interactions  or  spatial  correlation  of  unobserved  variables.  To  overcome  this  identification  challenge,  I
exploit the decentralized nature of pump installation and use exogenous variation in the similarity of water
sources  as  a  shifter  in  the  strength  of  spillovers  possible  between them.  I  assume  that  the  strength  of
spillovers between neighboring communities depends on whether they have the same technology of pump,
but spatially correlated shocks (e.g. weather) are independent of technology. Evidence from reduced form
analysis and from a survey of water sector experts in Tanzania and other developing countries validates this
assumption. However, regression methods can only estimate the net effect of spillovers and free riding, so I
develop  and  estimate  a  model  to  disentangle  these  two  effects,  estimate  their  magnitude  and  test  the
mechanisms through which they work.

I estimate the model using new geo-coded administrative data on more than 8,500 rural communities in
Tanzania with hand-powered water pumps. Estimation of a network game with binary action space (maintain
the pump or not) is difficult, because community choices are not independent of each other and because
multiple equilibria are possible. To address these challenges, I use machine learning to partition the water
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sources into geographic clusters, and I assume that each cluster is playing an independent game. In each
cluster, I calculate the probability that each action profile is an equilibrium and estimate the likelihood of the
observed action profile by using a probabilistic equilibrium selection rule. I estimate the model by maximum
simulated likelihood, allowing for spatially correlated shocks to the cost of maintenance.

The results indicate that free riding and pump maintenance spillovers are important factors in explaining
variation in pump functionality. In particular, positive spillovers are stronger between nearby communities
with pumps of the same technology. I estimate that standardization of technologies installed in Tanzania
would  increase  the  pump  functionality  rate  by  7  percentage  points.  I  also  find  strong  evidence  that
communities free ride on their neighbors' water sources, but free riding decreases when users have to pay to
collect  water.  I  estimate  that  the  pump functionality  rate  would increase by 11  percentage points  if  all
communities charged fees for water collection. To test the welfare consequences of pump functionality, I
estimate the impact of increased functionality on health and education outcomes and find evidence of a
modest  positive  effect  on  school  attendance.  This  effect  is  twice  as  large  for  girls,  who  are  typically
responsible for water collection, as it is for boys.

Modeling  public  goods  provision  as  a  game  of  strategic  interactions  may  be  particularly  relevant  for
developing countries where the provision of many public goods, including health and education services, is
carried out by a broad array of state and non-state actors.  However, the modeling framework developed in
this paper can potentially be applied to settings in developed countries, such as local investment in law and
order, public spaces, reduction of pollution, and transport infrastructure.  In future work, I plan to analyze
public goods investments in a dynamic framework, where a community's decision might depend on the past,
present and expected future decisions of other agents, including potential investments by non-governmental
organizations. This will allow me to test the effect of aid dependency in the provision of public goods in
developing countries. 

The second chapter of my dissertation is titled Strategic Interactions in the Estimation of Spillover Effects
(joint with Daron Acemoglu and Camilo Garcia-Jimeno). This is a methodological project in which we
study the estimation of the effect  of  treatments on both participants (direct  effects) and non-participants
(spillover effects). Recent improvements in program evaluation have used a two-step experimental design in
which individual-level randomization is used to estimate direct effects and randomization of the proportion
of individuals assigned to treatment in a geographic area is used to estimate indirect effects. However, in
some contexts spillover effects may depend upon an individual's treatment status, and may therefore impact
their decision to participate in the treatment. We show that these strategic responses confound the estimation
of direct and indirect effects, and that the bias may be large. We propose a two-step procedure to test for and
correct this bias. The first step is a simple regression-based test for strategic interactions. Conditional on
finding evidence of strategic interactions, the second step uses a simple, parsimonious model to estimate the
underlying structural parameters. When the treatment variable is continuous, the second step is a simple two-
stage least squares regression and gives unbiased estimates of the direct and spillover effects. However, when
treatment is binary, the approach requires a Heckman-style correction to ensure that the instrumental variable
is  valid  when individuals  choose whether  to  comply with  their  assignment  to  treatment.  We apply  our
methodology to data from three recent papers and discuss how it can be applied to other empirical contexts.

My plans to continue this research agenda include: using dynamic games and tools from IO to analyze the
provision  of  public  goods  in  settings  where  strategic  interactions  may  be  important;  and  combining
experimental designs with structural models to analyze development policies in cases where these methods
are complementary and can enhance the value of our analysis.
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Theoretical Appendix for “Quality and Accountability in Healthcare Delivery: Audit-Study Evidence 
from Primary Care in India” (by Jishnu Das, Alaka Holla, Aakash Mohpal, and Karthik Muralidharan), 
forthcoming in AER 

In this theoretical appendix, I develop a theoretical framework for a doctor-patient transaction in rural 
India. The challenge was to explain a seemingly unintuitive observation that public doctors who receive 
a fixed salary and no high-powered financial incentives tend to dispense as many medicines as private 
doctors, who charge for medicines, do. This observation did not change when the sample was restricted 
to public doctors who also practice at private clinics. Other observations were intuitive (e.g. public 
doctors complete less checklist items, spent less time with patients, and less likely to provide correct 
treatment), providing confidence to the quality of the data.  

To provide a potential mechanism to interpret the findings of the main paper, I apply Bayes learning 
process where a doctor exerts effort to draw a noisy signal to update belief about the true underlying 
illness of a patient (consultation stage). The accuracy of the signal depends on the level of effort. Given 
the posterior belief about the true illness, the doctor determines the treatment to maximize own payoff, 
partially internalizing the patient’s health outcome (treatment stage).  

Because public doctors have less incentive to exert effort, the signal they draw is nosier. They decide 
how to treat the patient with larger uncertainty about the true illness, and thus, prescribe many 
medicines to increase the chance of treating the illness. On the other hand, private doctors exert more 
effort, have better idea what the illness is, but because of financial incentive, they also prescribe many 
medicines. Given the number of medicines prescribed, private doctors choose the correct medicine with 
higher probability. The number of medicines prescribed is bounded because too many medicines may 
cause complication or longer-term health problems, which decreases the payoff of both public and 
private doctors. 

The prediction of this mechanism also supports the authors’ argument that in an environment where 
public-sector effort level is low as in rural India, the benefits of unregulated market incentive for higher 
diagnostic effort may outweigh the costs of over-treatment. 



mailto:ashep@econ.upenn.edu
mailto:gmenzio@econ.upenn.edu
mailto:hanming.fang@econ.upenn.edu
mailto:kquinn@econ.upenn.edu
mailto:apostlew@econ.upenn.edu
mailto:manovski@econ.upenn.edu
mailto:jtilly@sas.upenn.edu
http://jtilly.io/




Honor Among Thieves: Reputation Dynamics in the Market for Illicit Drugs (with Nick Janetos)
We analyze reputation dynamics in an online market for illicit drugs using a novel dataset of prices and
ratings. The market is a black market, and so contracts cannot be enforced. We document the role reputation
plays in alleviating adverse selection in this market.  Consistent  with prior literature,  there is  a positive
correlation between the price and the rating of a seller. We show that this effect is increasing in the number
of reviews left for a seller. A mature highly-rated seller charges a 20% higher price than a mature low-rated
seller, while for young sellers, the rating has no correlation with the price. Sellers with more reviews charge
a higher price than sellers with low reviews regardless of rating, and low-rated sellers are more likely to exit
the market and make fewer sales. We show that these stylized facts are explained by a dynamic model of
adverse selection, ratings, and exit, in which buyers form rational inferences about the quality of a seller
jointly from his rating and number of sales. Sellers who receive low ratings initially charge the same price as
high rated sellers since early reviews are less informative about quality. Bad sellers exit rather than face
lower prices in the future. 

Research Papers in Progress

A Dynamic Model of the Marriage Market (with Andrew Shephard)
We present a methodological framework for analyzing life-cycle labor supply and household formation and
dissolution decisions in an equilibrium limited commitment collective framework that allows for marriage
both within and across birth cohorts. Our model features a life-cycle component, endogenous human capital
accumulation, home production, and labor market earnings risk. The household decision weights evolve
endogenously over time as a function of each spouse's outside option. This outside option in turn depends on
future prospects in the marriage market, which are governed by the entire distribution of potential future
spouses. Our model makes explicit that these distributions are determined in equilibrium and dynamically
evolve  in  response to  policy  changes.  We characterize  these  distributions  and develop an  algorithm to
compute them.  This  makes our  framework suitable  to  study the long-run equilibrium effects  of  policy
interventions on both the marriage and the labor market.

Employment and Welfare Effects of Indexing Minimum Wages to Inflation
I  provide  evidence  from  the  Current  Population  Survey  (CPS)  to  show  that  the  notable  absence  of
employment effects of minimum wage increases in the U.S. can be partially attributed to the fact that most
minimum wages in the U.S. are not indexed to inflation.  I develop a dynamic equilibrium model of the
labor market with search frictions based on Flinn (2006) that allows for time-variation in the real value of
the minimum wage. I estimate the model using actual policy variation across states and time. The model
estimates imply that in the short-run, a permanent minimum wage hike results in more than two-fold the
employment loss of a temporary minimum wage hike of the same nominal amount. 

Scientific Software

matchingR Fast Computation of Matching Algorithms in R and C++
taoR R Bindings for the Toolkit for Advanced Optimization (TAO)
cbpR R Package for the Census County Business Patterns
knitroR R Interface for the Commercial Non-Linear Constraint Optimizer KNITRO

All software packages are available at https://github.com/jtilly
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Dissertation Abstract Jan Tilly

Essays in Labor Economics

The overarching theme of my dissertation is to develop and estimate structural
models to understand and evaluate the impact of public policy.

In the first chapter of my dissertation, joint with Kilian Niedermayer, we study the
employment and welfare effects of short-time work. Short-time work is a government
program that subsidizes part-time work in recessions. When employers cut their work-
ers’ hours and — in proportion — earnings, the government compensates workers for
the reduction in income. Short-time work is based on the premise that during recessions,
some productivity declines are temporary. It provides financial incentives to prevent
workers from being laid off in response to temporary productivity declines. It is in con-
trast to traditional unemployment insurance that only pays benefits to workers that were
laid off.

Short-time work is a popular labor market instrument in several European countries
and also exists in numerous U.S. states. We focus on Germany’s experience with short-
time work during the Great Recession. Between 2008 and 2010, a large fraction of
Germany’s labor force was in short-time work, reaching as much as 6.5% in 2009.

We assemble a novel administrative dataset for the universe of workers in the
metropolitan area of Nuremberg. We then document three facts. First, short-time take-up
is concentrated among workers with high experience and high tenure. Second, short-time
workers overwhelmingly return to full-time work. Third, short-time workers do not ex-
perience a long-term effect on earnings or employment. In contrast, we document that
workers who are laid off experience long-term earnings losses and these losses are largest
for workers who are experienced and have high tenure at the time of the separation.

We develop and structurally estimate an equilibrium life-cycle model that is consis-
tent with the data. The model features search frictions, aggregate and match-specific
shocks, and general- and firm-specific human capital. In the model, some of the match-
specific productivity shocks that firms and workers experience are temporary. When
exposed to an adverse but temporary match-specific productivity shock, the firm can
reduce the worker’s hours to curtail its losses. In the model, these match productivity
shocks interact with worker’s firm-specific human capital. Workers slowly accumulate
firm-specific human capital on the job. The more firm-specific human capital a worker
has, the less attractive unemployment becomes, because once rehired at a different firm,
the worker starts out on the bottom rung of the firm-specific human capital ladder. Work-
ers who have acquired a substantial amount of firm-specific human capital are unlikely
to quit or be fired in response to a temporary match productivity shock. Since the value
from unemployment is low relative to continued employment, these workers are also
willing to accept a temporary reduction in hours and total compensation. This explains
why short-time take-up is increasing in tenure and why these workers experience severe
earning losses when they do lose their jobs (e.g. due to a permanent adverse match pro-
ductivity shock). Workers with little firm-specific human capital have a relatively high
value from unemployment. When hit by temporary productivity shock, these workers
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quit or are laid off. These workers rather quit than endure a temporary reduction in hours
or earnings, because the earnings loss associated with unemployment is relatively low.

Using our estimated model, we find that short-time work was important in reducing
job loss in the Great Recession. We find that without short-time work, the unemployment
rate in 2009 would have been 7.7% instead of 6.4%. Welfare gains are modest, because
workers who would have been laid off without short-time work are workers for whom
the earnings loss associated with unemployment is low. The average worker values the
policy at about 1.0% of annual income. The combined cost to the government and firms
totals about 0.7% of the average worker’s annual income.

In the second chapter of my dissertation, I study how indexing minimum wages to
inflation affects employment. In the United States, minimum wages are mostly set in
nominal terms. In real terms, minimum wages slowly depreciate in value over time.
Some states recently began indexing minimum wages to inflation. I provide evidence
from the Current Population Survey to show that the notable absence of employment
effects of minimum wage increases in the U.S. can be partially attributed to the fact that
most minimum wages in the U.S. are not indexed to inflation. I develop a dynamic
equilibrium model of the labor market with search frictions based on Flinn (2006) that
allows for time-variation in the real value of the minimum wage. I estimate the model
using actual policy variation across states and time. The estimated model implies that
in the short-run, a permanent minimum wage hike results in more than two-fold the
employment loss of a temporary minimum wage hike of the same amount.

In the third chapter of my dissertation, joint with Andrew Shephard, we contribute
to the growing literature on the interaction between the marriage and the labor market.
Not only does marital status influence labor supply decisions, future earnings prospects
also affect marriage decisions. Public policies ranging from taxation to education policy
and divorce laws have consequences for the labor and the marriage market. We present
a methodological framework for analyzing life-cycle labor supply and household forma-
tion and dissolution decisions in an equilibrium limited commitment collective frame-
work that allows for marriage both within and across birth cohorts. Our model features
a life-cycle component, endogenous human capital accumulation, home production, and
labor market earnings risk. The household decision weights evolve endogenously over
time as a function of each spouse’s outside option. This outside option in turn depends
on future prospects in the marriage market, which are governed by the entire distribu-
tion of potential future spouses. Our model makes explicit that these distributions are
determined in equilibrium and dynamically evolve in response to policy changes. We
characterize these distributions and develop an algorithm to compute them. This makes
our framework suitable to study the long-run equilibrium effects of policy interventions
on both the marriage and the labor market.
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My	dissertation	explores	the	links	between	entrepreneurial	decisions,	financial	markets	and	
taxation.		
	
“Taxing	Firms	Facing	Financial	Frictions”,	with	Gustavo	Camilo	(Job	Market	Paper)	
	
Corporate	income	in	the	United	States	is	taxed	several	times	and	at	different	sources.	First,	
profits	are	taxed	at	the	firm	level.	Next,	individuals	pay	taxes	on	dividends	and	capital	gains.	
If	 households	 own	bonds,	 interest	 payments	 are	 taxed	 at	 the	personal	 income	 tax	 rate.	A	
broad	literature	has	asked	if	corporations	are	taxed	efficiently	and	how	the	rates	described	
above	 should	 compare.	We	 contribute	 to	 answering	 these	 questions	 by	 constructing	 and	
calibrating	a	model	with	heterogeneous	firms,	borrowing	constraints,	costly	equity	issuance	
and	 endogenous	 entry	 and	 exit.	 Because	 of	 financial	 frictions,	 the	 taxes	mentioned	 above	
are	not	perfect	substitutes	and	distort	different	margins.	In	our	model	firms	enter	small	and	
grow	over	time	to	reach	an	optimal	size.	In	particular,	the	corporate	income	tax	decreases	
earnings	and	net	worth.	Moreover,	the	amount	of	leverage	optimally	chosen	by	firms	during	
the	growth	process	is	proportional	to	their	net	worth	and	as	a	result	small	firms	grow	more	
slowly	 as	 capital	 accumulation	 is	 delayed.	 Taxes	 on	 dividends,	 capital	 gains	 and	 interest	
income	 do	 not	 reduce	 net	worth.	 In	 brief,	 the	 corporate	 tax	 adds	 a	 distortion	 above	 and	
beyond	 the	 inter-temporal	wedge,	 exacerbating	 capital	misallocation	 in	 the	 economy.	We	
calibrate	 the	 model	 using	 data	 from	 the	 Compustat	 annual	 industrial	 files	 from	 2003	 to	
2015.	 Despite	 its	 simplicity,	 the	model	 reproduces	 central	 features	 of	 the	 data,	 including	
investment,	the	average	and	frequency	of	equity	issuances,	and	average	leverage.	We	then	
proceed	 to	 use	 the	 model	 to	 quantitatively	 analyze	 the	 steady	 state	 consequences	 of	 a	
reform	that	replaces	the	corporate	income	tax	by	a	common	tax	on	shareholders.	Taxing	at	
the	 shareholder	 level	 instead	 of	 the	 corporate	 income	 level	 improves	 the	 allocation	 of	
capital	 in	 the	 economy.	 For	 a	 firm	 with	 average	 productivity,	 the	 time	 to	 grow	 to	 the	
unconstrained	level	decreases	from	15	to	9	years,	and	steady	state	total	factor	productivity	
increases	by	2.07%.	
	
	
“Fighting	for	the	Best,	Losing	with	the	Rest:	On	the	Desirability	of	Competition	in	
Financial	Markets”,	with	Juan	Hernandez	
 
The	 Jumpstart	Our	Business	Startups	 (JOBS)	act	of	2012,	aims	at	 increasing	 funding	access	
for	young	firms	by	easing	securities	regulation.	Motivated	by	this,	we	ask	 if	 there	 is	a	role	
for	 the	 regulation	 of	 the	 market	 of	 funds	 for	 firms	 that	 lack	 collateral	 and	 have	 a	 large	
uncertainty	about	their	ability	to	generate	profits.	To	answer	this	question,	we	characterize	
optimal	 financial	 contracts	 in	 a	 competitive	 environment	with	 risk,	 adverse	 selection	 and	
limited	 liability.	 We	 find	 that	 competition	 among	 financial	 intermediaries	 always	 forces	



them	to	fund	projects	with	negative	expected	returns	both	from	a	private	and	from	a	social	
perspective.	Intermediaries	use	steep	payoff	schedules	to	screen	entrepreneurs,	but	limited	
liability	 implies	 this	can	only	be	done	by	giving	more	to	all	entrepreneurs.	 In	equilibrium,	
competition	for	the	profitable	entrepreneurs	forces	intermediaries	to	offer	better	terms	to	
all	customers.	There	is	cross	subsidization	among	entrepreneurs	and	intermediation	profits	
are	 nil.	 The	 three	 main	 features	 of	 our	 framework	 (competition,	 adverse	 selection	 and	
limited	liability)	are	necessary	in	order	to	get	the	inefficient	laissez-faire	outcome	and	a	role	
for	 financial	 regulation.	 Our	 result	 remains	 robust	 when	 firms	 can	 collateralize	 some	
portion	of	the	credit	as	long	as	there	is	still	an	unsecured	fraction.	
 
 
“Optimal	Income	Taxes	and	Entrepreneurial	Choice”,	with	Ali	Shourideh	and	Juan	
Hernandez	(in	progress)	
	
We characterize optimal business and labor income tax schedules in an environment in 
which agents can choose to be entrepreneurs or workers. Agents privately observe their 
skill for each occupation and privately decide the corresponding investment and effort 
intensities. The different nature of the incentive structure in each sector results in a 
distortion along the occupational choice margin. The resulting sector specific tax 
schedules are different than they would be in a world without sector mobility. In the case 
where workers supply hours inelastically, a Rawlsian planner does not equalize 
consumption among workers. Although workers supply hours inelastically, the optimal 
marginal tax prevents skilled entrepreneurs to chose to become unskilled workers instead, 
and vice versa. However, we show that the marginal tax on labor income is always higher 
than the marginal tax on operating profits for such case. 
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