
Economics 270B

Ph.D. Development Economics

Professor Ted Miguel

Department of Economics

University of California, Berkeley

Lecture 5 – March 2, 2015



Economics 270B: Lecture 5 2

I. Overview of International Economic Development

Lecture 1: Understanding economic growth and development (1/26) 

Lecture 1B: Persistence of historical institutions and shocks 

(read during holiday week of 2/16)

Lecture 2: The Psychology of Poverty (2/2)

II. Human Capital in Economic Development

Lectures 3-4: Education (2/9, 2/23)

Lectures 5-7: Health and nutrition (3/2, 3/9, 3/16)

III. Political economy

Lectures 8-9: Democracy, Corruption and Development (3/30, 4/6)

(guest lectures by Prof. Fred Finan)

Lecture 10: Ethnic and Social Divisions (4/13)

Lectures 11-12: The Political Economy of Conflict (4/20, 4/27)
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• Prerequisites: Graduate economic theory, econometrics

• Grading:

Four referee reports – 40%

 Report #3 on Morjaria paper due next week (3/9)

Two problem sets – 20%

Research proposal – 30%

Class participation – 10%

No final exam

• All readings are available on bCourses
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Any questions?



(1) Health, education and economic development

(2) Miguel and Kremer (2004) on deworming in children

(3) Acemoglu and Johnson (2007) on life expectancy and 

income growth across countries

Lecture 5 outline
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• An observation: health and wealth are correlated both 
across countries and across people within societies. 
Why?

• Question #1: What impact of income on health? Do 
richer people consume more “health”?

• Question #2: What is the impact of health/nutrition 
on labor productivity? Does health cause wealth?

• Question #3: Which policies/institutions improve the 
delivery of public health services in poor countries? 

(1) Health and economic development
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(1) A simple model of health and education
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• A production function for academic skills, as measured 

by test scores (or attendance) when the child is in 

primary school (time 2). Time period 1 is pre-primary:

(1) T2 = T(H1, H2, EI1, EI2, α, SC, YS)

• Ht is child health at t, EIt is parents’ provision of 

educational inputs (supplies, time spent teaching the 

child), α is the child’s innate intelligence (ability), SC is 

school characteristics, YS years of schooling by time 2

(1) A simple model of health and education
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• A production function for academic skills, as measured 

by test scores (or attendance) when the child is in 

primary school (time 2). Time period 1 is pre-primary:

(1) T2 = T(H1, H2, EI1, EI2, α, SC, YS)

• Ht is child health at t, EIt is parents’ provision of 

educational inputs (supplies, time spent teaching the 

child), α is the child’s innate intelligence (ability), SC is 

school characteristics, YS years of schooling by time 2

• The production function shows how child health status 

in both time periods could affect learning. This is a 

structural relationship because all of the variables in 

the production function directly affect academic skills, 

and all variables with direct effects included (assumed)

(1) A simple model of health and education
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• If one had accurate data on all the variables in 

equation (1), and knew the correct functional form, one 

could estimate it using relatively simple methods, such 

as OLS, to obtain unbiased estimates of the direct 

impacts of all variables on child academic skills

(1) A simple model of health and education

12Economics 270B: Lecture 5



• If one had accurate data on all the variables in 

equation (1), and knew the correct functional form, one 

could estimate it using relatively simple methods, such 

as OLS, to obtain unbiased estimates of the direct 

impacts of all variables on child academic skills

• However, some of the variables are unobserved and 

the observable variables themselves are chosen in a 

household optimization problem. Correlations between 

unobserved child ability and healthiness complicate 

interpretation. For example, innately clever kids could 

naturally be healthier. Parents may also direct more 

educational investments towards healthier (or sicker) 

kids, depending on the household welfare function.

(1) A simple model of health and education
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• Child health is also chosen (in part) by households:

H1 = H(C1, M1, HE1, η)

H2 = H(C2, M2, HE2, η; H1)

• Ct is the child’s consumption of the aggregate good 

(e.g., food) in period t, Mt is health inputs (“medicine”) 

broadly defined, HEt is the local health environment 

(prevalence of infectious diseases, air / water quality, 

etc.) and η is the innate healthiness of the child

(1) A simple model of health and education
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• Child health is also chosen (in part) by households:

H1 = H(C1, M1, HE1, η)

H2 = H(C2, M2, HE2, η; H1)

• Ct is the child’s consumption of the aggregate good 
(e.g., food) in period t, Mt is health inputs (“medicine”) 
broadly defined, HEt is the local health environment 
(prevalence of infectious diseases, air / water quality, 
etc.) and η is the innate healthiness of the child

-- Households then maximize the utility function

U = U(C1, C2, H1, H2, T2) subject to a budget constraint

• Variables are difficult to measure; investments respond 
to α and η; α and η are plausibly correlated

(1) A simple model of health and education
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• One approach to addressing econometric identification 

concerns around health and income is the randomized 

evaluation approach

• Randomized provision of a health/nutrition intervention 

breaks the link between household characteristics, 

(unobserved) child innate ability and health, and prior 

investments in child health/education

(1) Randomized evaluation methods
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• One approach to addressing econometric identification 
concerns around health and income is the randomized 
evaluation approach

• Randomized provision of a health/nutrition intervention 
breaks the link between household characteristics, 
(unobserved) child innate ability and health, and prior 
investments in child health/education

• There may be endogenous household behavioral 
response to an intervention. Thus the difference 
between the treatment / comparison groups should be 
thought of as the combined impact of the intervention 
per se together with any resulting behavioral changes 
(though these changes can also be measured)

(1) Randomized evaluation methods
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• Imagine a public intervention that improves the health 

outcomes of young children, increasing H1

• In the production function for academic skills:

(1) T2 = T(H1, H2, EI1, EI2, α, SC, YS)

• This exogenous change in young child health not only 

directly affects academic performance (potentially) but 

also affects later health outcomes H2 as well as parent 

education investment levels EI2 and “medicine” M2

(1) Randomized evaluation methods
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• Imagine a public intervention that improves the health 
outcomes of young children, increasing H1

• In the production function for academic skills:

(1) T2 = T(H1, H2, EI1, EI2, α, SC, YS)

• This exogenous change in young child health not only 
directly affects academic performance (potentially) but 
also affects later health outcomes H2 as well as parent 
education investment levels EI2 and “medicine” M2

• The overall program impact – directly, and indirectly 
through behavior – is of public policy interest; the 
extent of behavioral change is also very important

(1) Randomized evaluation methods
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(2) Miguel and Kremer (2004)
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• To frame the discussion: why might there be scope for 

public intervention in the health sector? In other words, 

why don’t households provide the necessary health 

investments themselves privately?

(2) Miguel and Kremer (2004)
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• To frame the discussion: why might there be scope for 

public intervention in the health sector? In other words, 

why don’t households provide the necessary health 

investments themselves privately?

(1) Poor (or incorrect) knowledge of new health 

technologies among individuals

(2) Credit constraints prevent good investments

(3) Within-household agency problems or imperfect 

parental altruism towards children

(4) Positive treatment externalities (this paper)

(2) Miguel and Kremer (2004)
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Implications of treatment externalities

• Standard public finance theory: individual behaviors that 

generate positive externalities for other people are 

“under-provided”, since people do not take into account 

the social benefits of their actions. Thus in the absence 

of a subsidy, there is too little deworming

 a strong rationale for public deworming subsidies

• Previous randomized studies of deworming within 

schools showed positive but small impacts on child 

health, nutrition. Why? Is “deworming not worth it”? 

-- Simple T – C analysis may not give reliable estimates 

in the presence of externalities (e.g., infectious diseases)
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• Worms infections (e.g., hookworm, whipworm, 

roundworm, schistosomiasis) are among the world’s 

most common infections

• We study school-based deworming treatment. In our 

sample of rural Kenyan school children, over 90% 

were infected at baseline. Between one third and one 

half had “serious” infections

• Worms do not reproduce within the body. They pass 

worm larvae out through human fecal matter and this 

can infect others. Treatment generates a positive 

externality by reducing this transmission to others

(2) Miguel and Kremer (2004)
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• 75 primary schools, over 30,000 children (aged 6-18)

• Deworming treatment (drugs, health education) 

phased in experimentally across three treatment 

groups. These groups are similar along observables

(2) Miguel and Kremer (2004)
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• 75 primary schools, over 30,000 children (aged 6-18)

• Deworming treatment (drugs, health education) 
phased in experimentally across three treatment 
groups. These groups are similar along observables

– Listed school alphabetically (by zone), by pupil 
enrollment (by school), and counted off 1-2-3, 1-2-3, 
etc. Assignment is arbitrary and should be 
orthogonal to omitted variables

• Group 1: treatment 1998 and 1999

• Group 2: no treatment 1998, treatment 1999

• Group 3: no treatment in 1998 or 1999

(2) Miguel and Kremer (2004)
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• One of the goals of the paper is to compare the naïve 

treatment effect estimator, “Treatment minus control”, 

E( Yij | T1i =1) – E( Yij | T1i =0), to estimators that take 

into account “contamination” of the experiment from 

externalities. This contamination may produce gains in 

the control group

(2) Miguel and Kremer (2004)
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• One of the goals of the paper is to compare the naïve 

treatment effect estimator, “Treatment minus control”, 

E( Yij | T1i =1) – E( Yij | T1i =0), to estimators that take 

into account “contamination” of the experiment from 

externalities. This contamination may produce gains in 

the control group

• Externalities would lead us to doubly under-estimate 

treatment effects in a mass treatment program: (i) miss 

impacts in the comparison group, (ii) understate 

impacts in the treatment group

– A real concern in existing studies that randomize 

within schools and often found small impacts

(2) Miguel and Kremer (2004)
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0

Infection level, Control

Infection level, Control 

benefiting from externalities

Infection level, Treatment

benefiting from externalities





µ

“Naïve” treatment effect is .

Actual treatment effect for a mass program is  +  > 

Externalities  for the control group, too.

 If proportion  of schools in a region are treated, then the 

average effect is ( + ) + (1- ) =  + 
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• The naïve program impact estimator (in existing 

studies, which often find small or insignificant effects):

E( Yij | T1i =1) – E( Yij | T1i =0), which can be re-written

E( Yij | T1i =1, NT = NAVG ) – E( Yij | T1i =0, NT = NAVG)

(2) Miguel and Kremer (2004)

39Economics 270B: Lecture 5



40Economics 270B: Lecture 5



• The naïve program impact estimator (in existing 
studies, which often find small or insignificant effects):

E( Yij | T1i =1) – E( Yij | T1i =0), which can be re-written

E( Yij | T1i =1, NT = NAVG ) – E( Yij | T1i =0, NT = NAVG)

• The program impact estimator, taking into account 
treatment externalities:

E( Yij | T1i =1, NT = NAVG ) – E( Yij | T1i =0, NT = 0), 

which is equivalent to

{E( Yij | T1i =1, NT = NAVG ) – E( Yij | T1i =0, NT = NAVG)}

+ {E( Yij | T1i =0, NT = NAVG ) – E( Yij | T1i =0, NT = 0)}

(2) Miguel and Kremer (2004)
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E( Yij | T1i =1) – E( Yij | T1i =0), which can be re-written
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{E( Yij | T1i =1, NT = NAVG ) – E( Yij | T1i =0, NT = NAVG)}

+ {E( Yij | T1i =0, NT = NAVG ) – E( Yij | T1i =0, NT = 0)}

= “” + “”

(2) Miguel and Kremer (2004)
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• The naïve program impact estimator (in existing 
studies, which often find small or insignificant effects):

E( Yij | T1i =1) – E( Yij | T1i =0), which can be re-written

E( Yij | T1i =1, NT = NAVG ) – E( Yij | T1i =0, NT = NAVG)

• The program impact estimator, taking into account 
treatment externalities:

E( Yij | T1i =1, NT = NAVG ) – E( Yij | T1i =0, NT = 0), 

which is equivalent to

{E( Yij | T1i =1, NT = NAVG ) – E( Yij | T1i =0, NT = NAVG)}

+ {E( Yij | T1i =0, NT = NAVG ) – E( Yij | T1i =0, NT = 0)}

• The estimator for a mass treatment program would be:

E( Yij | T1i =1, NT = N ) – E( Yij | T1i =0, NT = 0)

(2) Miguel and Kremer (2004)
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• More generally, you can imagine the effect of program 
assignment is a function of the proportion of the local 
population that is also receiving treatment.

(2) Miguel and Kremer (2004)
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• More generally, you can imagine the effect of program 
assignment is a function of the proportion of the local 
population that is also receiving treatment.

• Let the real-world treatment effect of interest be:

(NAVG)  E( Yij | T1i =1, NT = NAVG) – E( Yij | T1i =0, NT = 0)

= {E( Yij | T1i =1, NT = NAVG) – E( Yij | T1i =0, NT = NAVG)} 
+ {E( Yij | T1i =0, NT = NAVG ) – E( Yij | T1i =0, NT = 0)}

= (NAVG) + (NAVG)

= Direct effect of treatment assignment (at local 
treatment saturation, NAVG) + Externality (at NAVG)

(2) Miguel and Kremer (2004)
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• There are three relevant cases for (NAVG):

• Case 1: Treatment and local saturation are neither 
complements nor substitutes, i.e., (NAVG) = *  NAVG

• Case 2: Treatment and local saturation are 
complements, i.e., (NAVG) is increasing in NAVG

• Case 3: Treatment and local saturation are substitutes, 
i.e., (NAVG) is decreasing in NAVG

(2) Miguel and Kremer (2004)
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• There are three relevant cases for (NAVG):

• Case 1: Treatment and local saturation are neither 
complements nor substitutes, i.e., (NAVG) = *  NAVG

• Case 2: Treatment and local saturation are 
complements, i.e., (NAVG) is increasing in NAVG

• Case 3: Treatment and local saturation are substitutes, 
i.e., (NAVG) is decreasing in NAVG

• It is easy to show that all estimates are “bounds” as long 
as externalities are always (weakly) positive.

• We find only weak evidence of interactions between 
treatment and externality exposure, or of non-linear 
externalities  additively separable, linear specification 
as the benchmark

(2) Miguel and Kremer (2004)
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Another form of externalities: within-school
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Another form of externalities: within-school

where D1 is an indicator for actually taking the treatment 

when offered it for the first time (i.e., 1998 for Group 1 and 

1999 for Group 2 schools)
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Cross-school infection externalities (1999)

• Large reductions in moderate-heavy infection levels 

within 3 km (2 miles) of treatment schools in 1999, 

smaller reductions up to 6 km

• An average reduction in moderate-heavy infections of 

>10 percentage points in the study area can be 

attributed to cross-school externalities

• Coding error in original paper only considered the 12 

schools closest to each school; correcting this does not 

affect the 0-3 km effect (since never more than 12 

schools in 3 km) but leads the overall 3-6 km effect to be 

estimated less precisely (CEGA Working Paper 2014)
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• Educational outcomes: school absenteeism (both from 

poor attendance and drop outs) fall by roughly 7 to 8 

percentage points, or one quarter

-- One of the most cost-effective ways to boost school 

participation estimated in less developed countries

(2) Miguel and Kremer (2004)
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• Educational outcomes: school absenteeism (both from 

poor attendance and drop outs) fall by roughly 7 to 8 

percentage points, or one quarter

-- One of the most cost-effective ways to boost school 

participation estimated in less developed countries

• But test scores do not improve in either year 1 or year 

2 (or in cognitive tests administered in year 3)

-- The average test gain from deworming is zero. 

Why? increased congestion in the classroom; the 

quality of classroom learning is low; time lags; other 

explanations?

(2) Miguel and Kremer (2004)
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Cost-benefit calculations

• Cost of this program: US$1.46 per pupil per year

• Cost of a larger-scale program in neighboring Tanzania: 

only US$0.49 per pupil per year

• Cost of health education component (classroom lessons, 

teacher training) was US$0.44 per pupil per year

• How do these costs compare to the later labor market 

effects? Discussed hypothetically in Miguel and Kremer 

(2004) and using follow-up data in Baird et al (2015).
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(3) Acemoglu and Johnson (2007)

62Economics 270B: Lecture 5



• One approach to the difficulties of micro-analysis: 
exploit policy changes in cross-country data

• They argue that the large increases in life expectancy 
– and presumably gains in other dimensions other 
health, i.e., morbidity – across countries since the 
“international epidemiological transition” in the 1950s 
has not translated into faster economic growth

-- An important piece of support for Acemoglu, 
Johnson and Robinson (2001, AER), to rule out direct 
tropical disease effects on development

(3) Acemoglu and Johnson (2007)
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• One approach to the difficulties of micro-analysis: 
exploit policy changes in cross-country data

• They argue that the large increases in life expectancy 
– and presumably gains in other dimensions other 
health, i.e., morbidity – across countries since the 
“international epidemiological transition” in the 1950s 
has not translated into faster economic growth

-- An important piece of support for Acemoglu, 
Johnson and Robinson (2001, AER), to rule out direct 
tropical disease effects on development

• Instrumental variable approach: use country levels of 
mortality from 15 leading (and later “eradicated”) 
diseases circa 1940 as an IV for the increase in life 
expectancy from 1940-1980 (and 2000)

(3) Acemoglu and Johnson (2007)
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• The discovery of new vaccines (e.g., yellow fever), 

antiobiotics (e.g., streptomycin for TB) and chemicals 

(DDT for mosquito spraying), together with better 

hygiene and sanitation knowledge, all contributed to 

greatly improved life expectancy after roughly 1940

(3) Acemoglu and Johnson (2007)
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• Punch line: increased life expectancy led to large 

increases in population (1.7% for each 1% increase in 

life expectancy, due to fertility effects) and no increase 

in aggregate income. Thus per capita income fell 

substantially in these countries relative to wealthy 

countries that experienced smaller mortality reductions

(3) Acemoglu and Johnson (2007)
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• Punch line: increased life expectancy led to large 

increases in population (1.7% for each 1% increase in 

life expectancy, due to fertility effects) and no increase 

in aggregate income. Thus per capita income fell 

substantially in these countries relative to wealthy 

countries that experienced smaller mortality reductions

• Why? If certain factors of production are fixed in the 

long-run (e.g., land) or medium-term (capital), then per 

capita income may fall when population increases

-- Apparently any gains in productivity (better human 

capital or TFP) due to health gains were outweighed 

by this population effect. If key factors are fixed, then 

rising population lowers output per capita.

(3) Acemoglu and Johnson (2007)

68Economics 270B: Lecture 5



69Economics 270B: Lecture 5



70Economics 270B: Lecture 5



71Economics 270B: Lecture 5



72Economics 270B: Lecture 5



73Economics 270B: Lecture 5



• Some issues:

(1) The main analysis excludes Africa

(2) How reliable is the data on by-cause mortality from 

1940? There is a long data appendix listing sources and 

assumptions, but fundamentally how good are League of 

Nations health reports from the late 1930s, or WHO 

reports from the 1940s/1950s, when much of rural Asia, 

Africa, and Latin America lacked health clinics then?

(3) Acemoglu and Johnson (2007)
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• Some issues:

(1) The main analysis excludes Africa

(2) How reliable is the data on by-cause mortality from 

1940? There is a long data appendix listing sources and 

assumptions, but fundamentally how good are League of 

Nations health reports from the late 1930s, or WHO 

reports from the 1940s/1950s, when much of rural Asia, 

Africa, and Latin America lacked health clinics then?

(3) What does poor health in 1940 proxy for? They show 

results are robust to including 1940 income levels and 

institutions as controls. Is this enough? (Mismeasured?)

(4) Stepping back, if these investments saved millions of 

lives, aren’t they well worth investing in even without a 

positive effect on income per capita?

(3) Acemoglu and Johnson (2007)
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• Placing this paper in the growth literature: this result is 

and flip-side of Young’s (2005) paper on the growth 

impacts of HIV/AIDS in Sub-Saharan Africa (i.e., that 

drops in population due to the epidemic will raise the 

capital to labor ratio and wages/per capita income)

(3) Acemoglu and Johnson (2007)
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• Hoyt Bleakley discussion (for a 2006 NBER meeting):

(1) Morbidity vs. mortality. Many health investments 

reduce morbidity but not mortality so the negative 

population mechanism does not apply

E.g., Bleakley 2007 QJE on hookworm in the US: 

investments in hookworm eradication boost schooling 

attainment, and income decades later

-- Bleakley 2006 on malaria eradication in Colombia: 

regions with the high morbidity (but low mortality) P. 

Vivax strain show human capital and income gains, 

regions with the fatal P. Falciparum strain do not

(3) Acemoglu and Johnson (2007)
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• Hoyt Bleakley discussion (for a 2006 NBER meeting):

(1) Morbidity vs. mortality. Many health investments 
reduce morbidity but not mortality so the negative 
population mechanism does not apply

(2) Mortality reductions affect children most, so 
interventions may take decades to be fully reflected in 
income. Consider a 1950s drop in infant mortality. By 
1980, only a small share of working adults will have 
been affected.

(3) Acemoglu and Johnson (2007)
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• Hoyt Bleakley discussion (for a 2006 NBER meeting):

(1) Morbidity vs. mortality. Many health investments 
reduce morbidity but not mortality so the negative 
population mechanism does not apply

(2) Mortality reductions affect children most, so 
interventions may take decades to be fully reflected in 
income. Consider a 1950s drop in infant mortality. By 
1980, only a small share of working adults will have 
been affected.

(3) Land and capital may have been relatively fixed in 
the 1950s, but not today: global capital flows, rapid 
urbanization, new agricultural technologies, cheap 
birth control. Thus the adverse income per capita 
effects of longer life expectancy could be smaller today

(3) Acemoglu and Johnson (2007)
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• For next week’s lecture, please focus on the “Worms” 

follow-up articles, Kremer and Miguel (2007) and Baird 

et al. (2015).

• The third referee report is due next week (March 9th), on 

the Morjaria article.

Next week


