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Abstract 
This paper addresses the role of tropical disease in rural demography, land use rights and public 
amenities, using data from Onchocerciasis (river blindness) control in Burkina Faso. We 
combine a new survey of village elders with historical census data for 1975-2006 and geocoded 
maps of treatment under the regional Onchocerciasis Control Program (OCP). The OCP ran from 
1975 to 2002, first spraying rivers to stop transmission and then distributing medicine to help 
those already infected. Controlling for time and village fixed effects, we find that villages in 
treated areas acquired larger populations and also had more cropland transactions, fewer permits 
required for cropland transactions, and more regulation of common property pasture and forest. 
Treated villages also acquired closer access to electricity and telephone service, markets, wells 
and primary schools, with no difference in several other variables. These results are consistent 
with both changes in productivity and effects of population size on public institutions. 
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Introduction and Motivation 

In 1974, the World Health Organization and numerous partners launched the 

Onchocerciasis Control Program in West Africa. The OCP extended across Côte d'Ivoire, Niger, 

Mali, Togo, Benin, and Ghana and was centered on Burkina Faso (then Upper Volta), where the 

disease had infected about 10 percent of the population. New infections occurred primarily 

among rural children south of the 13° parallel, through painful bites from the aptly named 

Simulium damnosum blackfly carrying the microfilarial larva of a parasitic worm, Onchocerca 

volvulus. Those infected experienced itching, disfigurement, and eventual blindness. The 

blackfly vector can reproduce only in the oxygenated waters of a river or stream, hence the 

common name of this disease -- river blindness – and the potential for intervention to have a 

large economic impact by facilitating settlement in otherwise productive river valleys.  

To control the disease, starting in 1975 the OCP used helicopters to spray larvacide along 

rivers. The vector began to disappear by 1977, enabling people to move closer to rivers without 

fear of blackfly bites and new Onchocerciasis infections. The vector-control phase of OCP ended 

in 1989, after which the OCP focused on the distribution of ivermectin to control symptoms in 

those already infected. Ivermectin had been a veterinary deworming drug, which in the early 

1980s was also shown to be effective in killing the microfilariae produced by Onchocerca in the 

human body. Adult worms are not affected, but ivermectin blocks their reproduction until they 

reach the end of their natural lifespan about 14 years after infection. 

Distribution of ivermectin to help villagers with Onchocerciasis began in 1987. Annual 

doses successfully controlled symptoms of the disease and prevented further transmission of the 

Onchocerca parasite. The blackfly vector returned to the river valleys but the disease was no 

longer endemic and in 2002 the OCP ended, with ivermectin remaining in use against filarial 

parasites transmitted by other channels. 

The OCP is widely recognized to have been one of the world’s most successful public 

health projects (Levine 2007). Figure 1 illustrates the remarkable extent to which Onchocerciasis 

was brought under control across West Africa between 1975 and 2002, with near-eradication in 
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many places and continued endemicity only in Sierra Leone where the OCP was not active. How 

the OCP discovered and implemented their approach has been the subject of many studies in 

tropical medicine (e.g. Benton et al. 2002) and a widely read book in anthropology (McMillan 

1995).  

In this paper, we use OCP exposure and associated changes in village population to 

address the role of public health in local institutions’ provision of agricultural property rights, 

public services and infrastructure. Disease control could influence local institutions directly by 

changing the productivity of labor, land and capital, and could also matter via its effects on rural 

population size and density. The role of population density was emphasized by Boserup (1965), 

who argued that a larger rural population creates new incentives for institutional change and 

collective action, in addition to new incentives for technological change as had been suggested 

by Hicks (1932). Boserup’s hypothesis could operate through scale effects from population size, 

relative-price effects from factor scarcity, or both. 

Modern analyses of how rural demography affects agricultural development were 

pioneered by Hayami and Ruttan (1971) for the U.S. and Japan, and tested in a large subsequent 

literature such as Johnston and Kilby (1975) and Olmstead and Rhode (1993). Only a few of 

these papers (e.g. Lin 1995) focus on the emergence and adoption of institutions; most ask how 

institutions affect technology adoption, such as Kazianga and Masters (2002, 2006). Focusing on 

rural demography also expands on our other previous work regarding the role of environmental 

factors in economic growth (Masters and McMillan 2001) and African policy choices (McMillan 

2001, McMillan and Masters 2003).  

Our focus on the specific challenge of rural population growth contrasts with most study 

of demography in development economics, which has focused either on demographic transition 

in the population as a whole (including the demographic “drag” or “dividend” from age structure 

emphasized by Bloom and Williamson, 1998), or the structural transformation from farm to 

nonfarm employment in terms of output and employment shares (including the “growth bonus” 

associated with shifting from a low productivity to a high productivity sector as in Temple, 

2005). Focusing on demographic conditions within rural areas addresses Africa’s distinctive 

history of post-independence agricultural decline, and grounds for optimism about the future as 

rural infrastructure and institutions adapt to higher levels of rural population density.  
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Studying how rural Burkina Faso responded to the OCP offers an opportunity to extend 

the broader literature on the economic effects of public health shocks (Acemoglu and Johnson 

2007, Cutler et al. 2010, Bleakley 2007, Ashraf, Lester and Weil 2009) and demographic change 

more generally (Galor 2012, Galor and Weil 1999). Our study is made possible by the timing of 

Burkina Faso’s decennial censuses in 1975 (before vector control) and 1985 (before deworming), 

then 1996 and 2006 (after the disease was fully controlled). We focus on OCP-related variation 

in village population, in land-use rights and various public amenities, as recalled by focus group 

interviews of village elders.  

The closest antecedent to our study is probably Grimm and Klasen (2008), who test for 

endogenous adoption of land titles at the village level on Sulawesi in Indonesia. Our surveys 

include land rights and also consider a very wide range of other public institutions and 

infrastructure used for market exchange. Methodologically, our use of focus groups to obtain 

village-level recall data on the location and availability of public services and land rights follows 

Chattopadhyay and Duflo (2004), building on a long tradition of participatory surveys in rural 

areas (e.g. Chambers 1994). This approach allows us to ask about many different types of public 

services, infrastructure and property rights, as seen from the villagers’ point of view. 

One purpose of this paper is to test the value of villagers’ recall data in establishing 

stylized facts about how the actions of public institutions vary across space and time. In future 

work, recall data of this type could also be used to analyze causal effects of public services, 

infrastructure and property rights on economic outcomes. For example, Besley (1995) found 

evidence that institutions significantly affect investment outcomes in rural Africa. Pande and 

Udry (2006) provide a summary of these studies. In Burkina Faso specifically, Kazianga and 

Masters (2002) found that stronger cropland tenure was associated with more intensive soil and 

water conservation.  

  In the next section, we describe how OCP treatment affected rural Burkina Faso, before 

turning to our own empirical strategy, data and results.  

 

Onchocerciasis Control and Population Movements in Burkina Faso  

 River blindness is spread through bites from a blackfly that reproduces in rivers and 

subsists on human blood, transmitting the filarial larvae of a parasitic worm. These larvae 
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develop into adult worms inside the body, forming nodules typically around the waist area, 

where they live for about 14 years and produce millions of microfilariae that move to and 

damage the victim’s skin and eyes. The microfilariae themselves have a lifespan of up to two 

years in the human body, during which time they may be ingested by another blackfly, hosted for 

6-8 days and transmitted to another person.  

 The blackfly can reproduce only in rivers and streams, from which they fly for many 

miles to take human blood meals. When the human population in that vicinity is sufficiently 

dense, these blackfly bites are painful but no transmission occurs because the fraction of blood 

meals containing microfilariae is too low to sustain the Onchocerca population. When humans 

are present in population in the blackfly at lower density, the disease becomes hyper-endemic. 

Children will become infected soon after they begin to move outside the home, skin disfiguration 

occurs in the late teens, and eyesight deteriorates in adulthood. When transmission through the 

blackfly is interrupted, those infected become cured when the adult worms eventually die, and 

their symptoms can be relieved in the meantime by treatment with ivermectin. 

 In the southern parts of Burkina Faso where blackflies could carry Onchocerciasis, only a 

small fraction of locations had a sufficiently high human population density to prevent 

transmission before the OCP began. An analysis of the country’s 1975 census suggested that 

high densities would have protected people around the capital city, Ouagadougou, and along the 

150 km from there northwest to Ouahigouya and southeast down to the Nazinon Valley on the 

border with Ghana. Soon after spraying started in 1975, people responded by moving closer to 

the newly attractive river valleys, expanding existing villages and also starting new ones. Some 

of this movement was spontaneously undertaken by individuals, and some of it occurred through 

planning in villages targeted for settlement by a government agency, the Autorité des 

Aménagements des Vallées des Volta (AVV).  

 The demographic changes that followed immediately after OCP intervention are 

illustrated in Figure 2, showing population growth rates for 1975-1985 in our nationally 

representative sample of villages. The map shows the location of Burkina Faso’s major rivers, 

with shading in the areas where pre-intervention surveys found the parasite to be endemic so 

OCP spraying occurred. Symbols for each village indicate its population growth rate between the 

1975 and 1985 censuses, using triangles for villages in AVV areas, and dots for villages that 
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Figure 2.  Village Location, Population Growth from 1975 to 1985 and Onchocersiasis Treatment Areas in Burkina Faso 

 
Source:  Authors’ calculations. Population growth is from Burkina Faso census data of 1975 and 1985.  Areas of Onchocerciasis treatment 
and village planning are from OCP file data, courtesy of Bruce Benton.  Location of rivers is from IFPRI mapping file data; location of 
surveyed villages is from authors’ survey data. 
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Table 1: Mean, standard deviation, and sample size for all variables in each year 
 
Panel A: Village population and indicators of agricultural land-use rights 

 
Village 

population 
(from census) 

 
Land rights 
assigned to 
individuals 

Land 
transactions 

occurred 

Pasture 
access is 
regulated 

Forest  
access is 
regulated 

Land 
transactions 

require permit 

 Year = 1975 1,266  0.378 0.846 0.228 0.075 0.335 

  (1,248)  (0.485) (0.361) (0.420) (0.263) (0.473) 

 Year = 1985 1,637  0.400 0.862 0.293 0.096 0.348 

  (1,561)  (0.490) (0.346) (0.456) (0.294) (0.477) 

 Year = 1996 1,659  0.409 0.868 0.350 0.135 0.352 

  (1,413)  (0.492) (0.339) (0.477) (0.342) (0.478) 

 Year = 2006 1,414  0.435 0.889 0.425 0.173 0.371 

  (2,597)  (0.496) (0.314) (0.495) (0.378) (0.484) 
 Observations 2,307  2,307 2,307 2,307 2,307 2,307 
 Villages 615  615 615 615 615 615 
 
Panel B: Distance from village to nearest public amenity (km) 
        Transport        .                   Services                    .                  Markets                      . 
 Road Bus Stop Bank Electricity Telephone Public Livestock Private 
Year = 1975 3.79 17.60 49.03 57.17 40.84 7.85 20.67 5.63 
 (7.21) (22.86) (47.49) (43.69) (35.48) (16.80) (30.26) (10.08) 
Year = 1985 4.34 13.93 39.29 51.12 37.11 5.73 22.46 5.18 
 (13.92) (18.55) (35.52) (36.07) (31.71) (8.10) (29.82) (8.90) 
Year = 1996 4.91 12.99 35.12 46.91 28.28 5.28 20.55 4.68 
 (14.21) (17.43) (30.91) (33.86) (24.64) (8.12) (26.01) (9.02) 
Year = 2006 4.32 10.64 25.81 36.73 21.34 4.85 17.07 2.09 
 (13.44) (15.82) (24.21) (26.39) (19.67) (7.52) (20.57) (5.25) 
Observations 1,433 1,719 1,084 1,227 1,589 2,216 1,042 1,228 
Villages 449 518 559 462 557 601 339 549 
 
                Water               .         Schooling and Health      .          Religious Services       . 
 Well Borehole Dam Primary Secondary Clinic Church Mosque Temple 
Year = 1975 1.11 1.52 18.59 10.73 51.74 16.30 8.95 5.46 9.48 
 (4.69) (4.95) (21.76) (12.84) (39.86) (17.33) (13.55) (11.40) (12.14) 
Year = 1985 0.74 0.63 18.12 6.94 40.14 12.70 4.88 3.92 5.09 
 (3.42) (2.90) (20.10) (11.74) (33.60) (13.83) (9.73) (7.30) (8.85) 
Year = 1996 0.89 0.57 16.91 3.73 26.07 8.79 4.97 3.88 5.09 
 (3.33) (2.69) (19.02) (8.46) (24.02) (10.56) (9.84) (7.29) (8.95) 
Year = 2006 0.30 0.33 15.41 1.14 17.32 5.91 3.55 2.63 3.01 
 (1.30) (2.07) (18.15) (4.43) (16.66) (6.76) (8.65) (5.73) (6.42) 
Observations 1,041 1,062 753 2,025 1,681 2,055 1,694 1,777 1,410 
Villages 322 414 249 573 528 574 471 505 411 
Notes:  All data are from authors’ survey of village elders in 2010, except village population which is from 
Burkina Faso national censuses.  Indicators in Panel A are 1 if the condition shown is met, and zero 
otherwise, with no missing values recorded.  Distances in Panel B have missing values where no answer was 
recorded.  The specific wording of each question is reproduced in the online appendix. These summary 
statistics are for our preferred sample, excluding villages in AVV planning areas.  
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Table 2:  Mean, standard deviation and difference between treated and control areas in the baseline year (1975) 
 
    Treated Control Difference 

 
    Treated Control Difference 

Village population 1130.703 1468.08 -337.378*** 
 

Continued from previous column 

 
 [70.242] [90.799] [114.797] 

 
Distance from village to nearest public amenity (km) 

     Public Market 9.092 5.934 3.158** 
Indicators of agricultural land-use rights 

    
 [1.194] [0.713] [1.390] 

 
Land rights assigned to individuals 0.328 0.452 -0.125*** 

  
Livestock Market 25.140 15.013 10.127** 

 
 [0.027] [0.035] [0.045] 

  
 [3.584] [2.253] [4.233] 

 
Land transactions occurred 0.834 0.864 -0.030 

  
Private Shop 6.231 4.750 1.481 

 
 [0.022] [0.024] [0.033] 

  
 [1.470] [1.011] [1.784] 

 
Pasture access is regulated 0.206 0.261 -0.055 

  
Water Well 1.658 0.429 1.230* 

 
 [0.024] [0.031] [0.039] 

  
 [0.694] [0.143] [0.709] 

 
Forest access is regulated 0.084 0.06 0.024 

  
Borehole  0.833 2.154 -1.321 

 
 [0.016] [0.017] [0.023] 

  
 [0.833] [1.764] [1.951] 

 
Land transactions require permit 0.389 0.256 0.132*** 

  
Dam  24.96 8.625 16.335*** 

 
 [0.028] [0.031] [0.042] 

  
 [3.490] [1.823] [3.937] 

 
 

     
Primary School 11.818 9.068 2.750** 

Distance from village to nearest public amenity (km) 
   

 [0.820] [1.112] [1.382] 

 
Road 4.196 3.192 1.004 

  
Secondary Sch. 56.294 44.958 11.335** 

 
 [0.618] [0.639] [0.889] 

  
 [3.221] [4.190] [5.284] 

 
Bus Stop 18.354 16.408 1.946 

  
Health Clinic 16.603 15.828 0.775 

 
 [1.627] [2.160] [2.704] 

  
 [1.086] [1.440] [1.803] 

 
Bank 66.361 31.200 35.161*** 

  
Church  9.692 8.000 1.692 

 
 [9.633] [3.998] [10.429] 

  
 [1.052] [1.146] [1.556] 

 
Electricity 73.061 39.800 33.261*** 

  
Mosque  6.236 4.200 2.036* 

 
 [4.903] [4.133] [6.412] 

  
 [1.006] [0.657] [1.201] 

 
Telephone 45.46 32.862 12.598*** 

  
Temple 10.189 8.580 1.610 

 
 [3.165] [2.934] [4.316] 

 
    [1.263] [1.119] [1.687] 

Notes:  Approximately 60 percent of surveyed villages are in treated areas.  Significance levels for t-tests of difference between villages in treated and 
control areas are shown are *** p<0.01, ** p<0.05, and * p<0.1.  
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Table 3: OLS results for village population on Onchocerciasis treatment status and time 
 
Dependent variable: Post-75 Post-85 Annual Data 
 log of village population (1) (2) (3) 

    Treated X Post-75 (1985-2006)  0.33*** 
  

 
(0.08) 

  Treated X Post-85 (1996-2006) 
 

0.25*** 
 

  
(0.07) 

 Treated X 1985 
  

0.24*** 

   
(0.09) 

Treated X 1996 
  

0.39*** 

   
(0.09) 

Treated X 2006 
  

0.39*** 

   
(0.11) 

Post-75 (1985-2006) 0.09 
  

 
(0.06) 

  Post-85 (1996-2006) 
 

-0.09* 
 

  
(0.05) 

 Year = 1985 
  

0.21*** 

   
(0.06) 

Year = 1996 
  

0.17** 

   
(0.07) 

Year = 2006 
  

-0.11 

   
(0.09) 

Constant 6.68*** 6.88*** 6.68*** 

 
(0.03) (0.02) (0.03) 

R-squared 0.47 0.45 0.48 
F-Stat Inst. 17.59 12.44 7.137 
p value 0.000 0.000 0.000 
Notes: All regressions have 2,307 observations and control for 615 village fixed effects, with robust standard 
errors in parentheses estimated using the areg command in Stata 12. Significance levels shown are *** p<0.01, 
** p<0.05, and * p<0.1. F-test and p values are shown for the treatment variables, which are used to 
instrument population in the 2SLS regressions in Tables 6 and 9.  These results are the first stage for Table 6, 
while Table 9 uses smaller samples as indicated there.
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Table 4: OLS results for property rights on Onchocerciasis treatment status and time 
 

Dependent variable: 

Land  
rights assigned 
to individuals 

Land 
transactions 
occurred 

Pasture 
access is 
regulated 

Forest  
access is 
regulated 

Land 
transactions 
require permit 

    (1) (2) (3) (4) (5) 
Panel A: Post-1975  

     

 

Treated X Post-75 
(1985-2006)  0.02 0.04*** 0.02 0.03* -0.04*** 

  
(0.01) (0.01) (0.03) (0.02) (0.01) 

 
Time = 1985-2006 0.02** 0.00 0.11*** 0.04*** 0.04*** 

  
(0.01) (0.00) (0.02) (0.01) (0.01) 

 
Constant 0.39*** 0.84*** 0.23*** 0.08*** 0.34*** 

  
(0.01) (0.01) (0.01) (0.01) (0.01) 

 R-squared 0.96 0.92 0.83 0.83 0.96 
Panel B: Post-1985  

     

 

Treated X Post-85 
(1996-2006) 0.02** 0.04*** 0.05*** 0.02* -0.05*** 

  
(0.01) (0.01) (0.02) (0.01) (0.01) 

 
Time = 1996-2006 0.02*** 0.00* 0.09*** 0.05*** 0.04*** 

  
(0.01) (0.00) (0.01) (0.01) (0.01) 

 
Constant 0.39*** 0.85*** 0.26*** 0.09*** 0.34*** 

  
(0.00) (0.00) (0.01) (0.00) (0.00) 

 R-squared 0.96 0.93 0.84 0.84 0.96 
Panel C: Annual Data 

     
 
Treated X 1985 0.00 0.03** -0.01 0.02 -0.02 

  
(0.01) (0.01) (0.03) (0.02) (0.02) 

 
Treated X 1996 0.01 0.04*** 0.03 0.03 -0.05*** 

  
(0.01) (0.01) (0.03) (0.02) (0.02) 

 
Treated X 2006 0.03** 0.07*** 0.05 0.04* -0.07*** 

  
(0.01) (0.01) (0.03) (0.02) (0.02) 

 
Year = 1985 0.01 0.00 0.07*** 0.00 0.02 

  
(0.01) (0.00) (0.02) (0.01) (0.01) 

 
Year = 1996 0.02** 0.00 0.10*** 0.04*** 0.04*** 

  
(0.01) (0.00) (0.02) (0.01) (0.01) 

 
Year = 2006 0.03*** 0.00 0.17*** 0.07*** 0.07*** 

  
(0.01) (0.00) (0.02) (0.01) (0.01) 

 
Constant 0.39*** 0.84*** 0.23*** 0.08*** 0.34*** 

  
(0.01) (0.01) (0.01) (0.01) (0.01) 

 R-squared 0.96 0.93 0.85 0.84 0.96 
Notes: All regressions have 2,307 observations and control for 615 village fixed effects, with robust standard 
errors in parentheses estimated using the areg command in Stata 12.Significance levels shown are *** p<0.01, 
** p<0.05, and * p<0.1.
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Table 5: OLS results for property rights on village population and time 
 

Dependent variable: 

Land  
rights assigned 
to individuals 

Land 
transactions 
occurred 

Pasture 
access is 
regulated 

Forest  
access is 
regulated 

Land 
transactions 
require permit 

    (1) (2) (3) (4) (5) 
Panel A: Post-1975  

     
 
Population (log) -0.00 0.02*** -0.01 -0.00 0.00 

  
(0.00) (0.00) (0.01) (0.01) (0.00) 

 
Time = 1985-2006 0.03*** 0.03*** 0.13*** 0.05*** 0.01** 

  
(0.01) (0.01) (0.01) (0.01) (0.01) 

 
Constant 0.39*** 0.74*** 0.29*** 0.10** 0.34*** 

  
(0.02) (0.03) (0.05) (0.04) (0.02) 

  R-squared 0.96 0.93 0.83 0.83 0.95 
Panel B: Post-1985            

 
Population (log) 0.00 0.02*** -0.00 0.00 0.00 

  
(0.00) (0.00) (0.01) (0.01) (0.00) 

 
Time = 1996-2006 0.03*** 0.03*** 0.12*** 0.06*** 0.02*** 

  
(0.00) (0.00) (0.01) (0.01) (0.00) 

 
Constant 0.38*** 0.74*** 0.27*** 0.09** 0.34*** 

  
(0.02) (0.03) (0.05) (0.04) (0.02) 

  R-squared 0.96 0.93 0.84 0.84 0.96 
Panel C: Annual Data         

 
Population (log) 0.00 0.02*** -0.00 0.00 0.00 

  
(0.00) (0.00) (0.01) (0.01) (0.00) 

 
Year = 1985 0.01 0.01* 0.07*** 0.01 0.00 

  
(0.01) (0.01) (0.01) (0.01) (0.01) 

 
Year = 1996 0.03*** 0.02*** 0.12*** 0.05*** 0.01 

  
(0.01) (0.01) (0.01) (0.01) (0.01) 

 
Year = 2006 0.04*** 0.04*** 0.20*** 0.09*** 0.03*** 

  
(0.01) (0.01) (0.02) (0.01) (0.01) 

 
Constant 0.37*** 0.73*** 0.24*** 0.07* 0.33*** 

  
(0.02) (0.03) (0.05) (0.04) (0.02) 

  R-squared 0.96 0.93 0.85 0.84 0.96 
Notes: All regressions have 2,307 observations and control for 615 village fixed effects, with robust standard 
errors in parentheses estimated using the areg command in Stata 12. Significance levels shown are *** p<0.01, 
** p<0.05, and * p<0.1.
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Table 6: 2SLS results for property rights on predicted village population and time 
 

Dependent variable: 

Land rights 
assigned to 
individuals 

Land 
transactions 
occurred 

Pasture 
access is 
regulated 

Forest  
access is 
regulated 

Land 
transactions 
require permit 

    (1) (2) (3) (4) (5) 
Panel A: Post-1975          

 
Population (log) 0.05 0.13*** 0.06 0.08* -0.13** 

  
(0.04) (0.04) (0.08) (0.05) (0.05) 

 
Time = 1985-2006 0.01 -0.01 0.11*** 0.03* 0.05*** 

 
  (0.01) (0.01) (0.03) (0.02) (0.02) 

Panel B: Post-1985  
    

 
Population (log) 0.08* 0.15*** 0.19** 0.09 -0.19*** 

  
(0.04) (0.05) (0.09) (0.06) (0.07) 

 
Time = 1996-2006 0.03*** 0.02*** 0.11*** 0.06*** 0.03*** 

 
  (0.01) (0.01) (0.01) (0.01) (0.01) 

Panel C: Annual Data 
    

 
Population (log) 0.06* 0.14*** 0.12 0.09* -0.16*** 

  
(0.03) (0.04) (0.07) (0.05) (0.05) 

 
Year = 1985 -0.01 -0.03** 0.02 -0.02 0.06*** 

  
(0.01) (0.01) (0.03) (0.02) (0.02) 

 
Year = 1996 0.00 -0.03* 0.08** 0.02 0.07*** 

  
(0.01) (0.02) (0.03) (0.02) (0.03) 

 
Year = 2006 0.04*** 0.03*** 0.18*** 0.08*** 0.04*** 

    (0.01) (0.01) (0.02) (0.01) (0.01) 
 Notes: All regressions have 2,307 observations and control for 615 village fixed effects, with robust standard 
errors in parentheses estimated using the xtivreg command in Stata 12. Significance levels shown are *** 
p<0.01, ** p<0.05, and * p<0.1.The first stage regression for each panel is shown in Table 3. 
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Table 7: OLS results for public amenities on Onchocerciasis treatment status and time 
 

Dependent variable        Transport        .               Services                         .                 Markets                   . 

 
Distance to nearest: Road Bus Stop Bank Electricity Telephone Public Livestock Private 

    (1) (2) (3) (4) (5) (6) (7) (8) 
Panel A: Post-1975                  

 

Treated X Post-75 
(1985-2006)  -0.26 1.50 -12.98* -10.35*** -8.32*** -2.81*** -2.82 -1.01 

  
(0.43) (1.84) (7.83) (3.99) (2.72) (1.00) (2.04) (1.11) 

 
Time = 1985-2006 -0.50 -6.83*** -8.63*** -4.86** -7.56*** -1.11*** -1.75* -1.23** 

  
(0.31) (1.57) (3.23) (1.94) (1.57) (0.29) (0.92) (0.50) 

 
Constant 4.93*** 18.18*** 47.24*** 55.30*** 40.58*** 8.07*** 22.69*** 5.35*** 

  
(0.25) (0.79) (4.36) (2.13) (1.37) (0.59) (0.97) (0.59) 

  R-squared 0.86 0.82 0.82 0.82 0.72 0.68 0.84 0.81 
Panel B: Post-1985                  

 

Treated X Post-85 
 (1996-2006) -0.65 0.28 -4.58 -5.64** -6.09*** -1.42*** -4.43*** -0.31 

  
(0.48) (1.08) (3.92) (2.35) (2.01) (0.52) (1.62) (0.68) 

 
Time = 1996-2006 -0.36* -5.05*** -9.35*** -6.11*** -10.81*** -0.84*** -2.07** -1.79*** 

  
(0.19) (0.91) (1.98) (1.45) (1.37) (0.17) (0.81) (0.44) 

 
Constant 4.83*** 16.13*** 41.57*** 51.62*** 38.83*** 6.72*** 22.62*** 5.13*** 

  
(0.19) (0.39) (1.95) (0.92) (0.79) (0.28) (0.59) (0.28) 

  R-squared 0.86 0.82 0.82 0.82 0.75 0.67 0.85 0.81 
Panel C: Annual Data                 

 
Treated X 1985 0.25 1.85 -12.08 -8.08** -5.70* -2.59** 0.12 -1.00 

  
(0.57) (1.91) (8.15) (4.07) (2.94) (1.03) (2.16) (1.15) 

 
Treated X 1996 0.30 1.62 -11.89 -10.58** -10.35*** -2.74*** -4.09* -0.95 

  
(0.58) (1.89) (7.99) (4.12) (2.86) (1.04) (2.19) (1.14) 

 
Treated X 2006 -1.26* 1.10 -14.98* -12.32*** -8.89*** -3.08*** -4.55* -1.07 

  
(0.69) (2.03) (8.10) (4.57) (3.13) (1.04) (2.68) (1.27) 

 
Year = 1985 -0.36 -4.77*** -3.12 -1.16 -0.51 -0.79*** -0.52 -0.06 

  
(0.32) (1.63) (3.32) (2.09) (1.74) (0.30) (0.92) (0.55) 

 
Year = 1996 -0.31 -6.85*** -7.29** -2.37 -6.80*** -1.15*** -0.65 -0.79 

  
(0.33) (1.61) (3.30) (2.10) (1.65) (0.30) (0.96) (0.55) 

 
Year = 2006 -0.82** -8.88*** -15.48*** -11.05*** -15.37*** -1.41*** -4.03*** -2.80*** 

  
(0.34) (1.74) (3.45) (2.45) (2.00) (0.32) (1.43) (0.63) 

 
Constant 4.97*** 18.29*** 50.04*** 56.31*** 41.60*** 8.07*** 22.96*** 5.72*** 

  
(0.25) (0.79) (4.39) (2.14) (1.37) (0.59) (0.97) (0.59) 

  R-squared 0.86 0.83 0.84 0.83 0.77 0.68 0.85 0.82 
Observations 1,433 1,719 1,084 1,227 1,589 2,216 1,042 1,228 
Number of villages 449 518 559 462 557 601 339 549 

Notes: Robust standard errors in parentheses, estimated using the areg command in Stata 12. Significance 
levels shown are *** p<0.01, ** p<0.05, and * p<0.1.  All distances are in kilometers. 
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Table 7 (cont’d.): OLS results for public amenities on Onchocerciasis treatment status and time 
Dependent variable                   Water                .         Schooling and Health       .        Religious Services          . 

 
Distance to nearest  Well Borehole Dam Primary Secondary Clinic Church Mosque Temple 

    (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Panel A: Post-1975                    

 

Treated X Post-75 
(1985-2006)  -0.79* 0.38 -0.20 -2.38** -3.99 -0.89 -1.61 -1.38 -1.09 

  
(0.44) (0.32) (1.41) (1.05) (4.04) (1.32) (0.98) (0.88) (1.24) 

 
Time=1985-2006 -0.08 -0.38 -1.75* -5.99*** -21.04*** -6.99*** -3.66*** -1.80*** -4.12*** 

  
(0.07) (0.32) (1.04) (0.83) (3.03) (1.04) (0.56) (0.47) (0.76) 

 
Constant 1.16*** 0.64*** 18.47*** 11.16*** 50.16*** 16.47*** 9.07*** 5.97*** 9.15*** 

  
(0.23) (0.14) (0.66) (0.48) (1.81) (0.60) (0.52) (0.47) (0.65) 

  R-squared 0.69 0.86 0.97 0.57 0.62 0.62 0.83 0.77 0.79 
Panel B: Post-1985                    

 

Treated X Post-85 
(1996-2006) -0.58** -0.15 -1.74** -2.06*** -4.97** -1.41* -0.80 -0.71* -0.84 

  
(0.24) (0.22) (0.70) (0.72) (2.50) (0.84) (0.50) (0.40) (0.53) 

 
Time=1996-2006 -0.06* -0.19 -0.79** -5.25*** -20.22*** -6.29*** 

-
1.78*** -1.08*** -1.69*** 

  
(0.03) (0.12) (0.39) (0.53) (1.94) (0.64) (0.30) (0.22) (0.33) 

 
Constant 0.93*** 0.71*** 17.99*** 8.72*** 44.59*** 14.36*** 6.49*** 4.62*** 6.31*** 

  
(0.10) (0.11) (0.29) (0.30) (0.94) (0.33) (0.22) (0.19) (0.24) 

  R-squared 0.69 0.86 0.97 0.59 0.68 0.64 0.82 0.76 0.77 
Panel C: Annual Data                   

 
Treated X 1985 -0.50 0.50 1.16 -1.36 -0.67 0.07 -1.26 -1.19 -0.50 

  
(0.44) (0.35) (1.44) (1.16) (4.22) (1.40) (1.00) (0.89) (1.25) 

 
Treated X 1996 -0.55 0.17 -0.19 -2.61** -6.56 -1.30 -1.23 -1.19 -0.57 

  
(0.43) (0.35) (1.44) (1.15) (4.18) (1.42) (1.00) (0.90) (1.26) 

 
Treated X 2006 -1.27** 0.45 -1.53 -3.18*** -4.77 -1.39 -2.30** -1.72* -2.14* 

  
(0.52) (0.34) (1.51) (1.17) (4.24) (1.46) (1.06) (0.94) (1.30) 

 
Year = 1985 -0.06 -0.27 -1.48 -3.40*** -10.04*** -3.88*** 

-
3.37*** -1.38*** -3.82*** 

  
(0.07) (0.33) (1.04) (0.90) (3.19) (1.08) (0.58) (0.48) (0.77) 

 
Year = 1996 -0.02 -0.23 -1.68 -6.19*** -21.58*** -7.17*** 

-
3.39*** -1.44*** -3.82*** 

  
(0.07) (0.33) (1.05) (0.91) (3.19) (1.12) (0.58) (0.48) (0.77) 

 
Year = 2006 -0.18** -0.62* -2.07* -8.39*** -31.52*** -9.93*** 

-
4.20*** -2.57*** -4.70*** 

  
(0.08) (0.33) (1.10) (0.92) (3.24) (1.16) (0.59) (0.51) (0.79) 

 
Constant 1.19*** 0.70*** 18.60*** 11.27*** 51.47*** 16.59*** 9.09*** 6.00*** 9.21*** 

  
(0.24) (0.14) (0.66) (0.48) (1.80) (0.59) (0.52) (0.47) (0.65) 

  R-squared 0.70 0.87 0.97 0.62 0.70 0.66 0.84 0.78 0.80 
Observations 1,104 1,227 794 2,061 1,745 2,083 1,728 1,838 1,470 
Number of villages 385 579 290 609 592 602 505 566 471 
Notes: Robust standard errors in parentheses, estimated using the areg command in Stata 12. Significance levels 
shown are *** p<0.01, ** p<0.05, and * p<0.1.  All distances are in kilometers.
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Table 8: OLS results for public amenities on village population and time 
 
Dependent variable       Transport        .               Services                         .                 Markets                   . 
Distance to nearest: Road Bus Stop Bank Electricity Telephone Public Livestock Private 

  (1) (2) (3) (4) (5) (6) (7) (8) 
Panel A: Post-1975                  

 
Population (log) -0.26* -0.55 3.23*** 0.80 2.92*** -0.47*** 0.73 0.01 

  
(0.14) (0.39) (1.02) (0.99) (0.77) (0.15) (0.62) (0.20) 

 
Time=1985-2006 -0.57*** -5.75*** -16.45*** -10.40*** -13.54*** -2.67*** -3.54*** -1.83*** 

  
(0.22) (0.81) (4.08) (2.05) (1.56) (0.58) (1.12) (0.61) 

 
Constant 6.65*** 21.91*** 24.95*** 48.85*** 21.10*** 11.15*** 17.74*** 5.32*** 

  
(1.02) (2.98) (7.11) (7.48) (5.26) (1.32) (4.24) (1.67) 

  R-squared 0.86 0.82 0.82 0.81 0.72 0.68 0.84 0.81 
Panel B: Post-1985               

 
Population (log) -0.27* -0.89** 2.71*** 0.65 2.43*** -0.68*** 0.75 -0.15 

  
(0.14) (0.40) (0.98) (0.99) (0.71) (0.17) (0.61) (0.21) 

 
Time=1996-2006 -0.73*** -4.82*** -12.20*** -9.60*** -14.83*** -1.66*** -4.71*** -1.99*** 

  
(0.28) (0.49) (2.11) (1.26) (1.07) (0.30) (0.89) (0.37) 

 
Constant 6.69*** 22.31*** 22.98*** 47.04*** 22.17*** 11.36*** 17.45*** 6.19*** 

  
(1.02) (2.97) (6.74) (7.02) (4.91) (1.34) (4.17) (1.63) 

  R-squared 0.86 0.82 0.82 0.82 0.75 0.67 0.85 0.81 
Panel C: Annual Data               

 
Population (log) -0.36** -0.87** 2.16** 0.09 2.04*** -0.54*** 0.57 -0.37* 

  
(0.15) (0.40) (0.97) (0.95) (0.69) (0.16) (0.63) (0.21) 

 
Year = 1985 -0.08 -3.34*** -10.04** -5.14** -4.66*** -2.15*** -0.56 -0.52 

  
(0.32) (0.85) (4.26) (2.07) (1.66) (0.59) (1.18) (0.62) 

 
Year = 1996 0.03 -5.49*** -14.25*** -7.94*** -14.10*** -2.57*** -3.17** -1.26** 

  
(0.33) (0.84) (4.21) (2.08) (1.64) (0.60) (1.24) (0.61) 

 
Year = 2006 -1.53*** -8.10*** -23.85*** -17.72*** -21.19*** -3.20*** -6.73*** -3.46*** 

  
(0.39) (0.91) (4.18) (2.38) (1.71) (0.61) (1.43) (0.70) 

 
Constant 7.33*** 24.14*** 34.62*** 54.66*** 28.00*** 11.65*** 19.10*** 8.31*** 

  
(1.04) (3.08) (6.86) (7.22) (4.69) (1.35) (4.26) (1.78) 

  R-squared 0.86 0.83 0.84 0.83 0.77 0.68 0.85 0.82 
Observations 1,433 1,719 1,084 1,227 1,589 2,216 1,042 1,228 
Number of villages 449 518 559 462 557 601 339 549 
Notes: Robust standard errors in parentheses, estimated using the areg command in Stata 12. Significance 
levels shown are *** p<0.01, ** p<0.05, and * p<0.1.  All distances are in kilometers.
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Table 8 (cont’d.): OLS results for public amenities on village population and time 
 

Dependent variable                   Water                .         Schooling and Health       .        Religious Services          . 

 
Distance to neares  Well Borehole Dam Primary Secondary Clinic Church Mosque Temple 

    (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Panel A: Post-1975                    

 
Population (log) 0.28 0.10* 0.15 0.13 3.58*** 0.41 0.02 0.15 0.27 

  
(0.18) (0.05) (0.18) (0.23) (0.88) (0.34) (0.18) (0.19) (0.19) 

 
Time=1985-2006 -0.60** -0.20 -1.91*** -7.46*** -24.56*** -7.65*** -4.57*** -2.69*** -4.78*** 

  
(0.26) (0.17) (0.70) (0.51) (2.03) (0.64) (0.52) (0.51) (0.64) 

 
Constant -0.80 0.02 17.48*** 10.26*** 26.30*** 13.74*** 8.84*** 5.00*** 7.26*** 

  
(1.24) (0.35) (1.42) (1.64) (6.16) (2.46) (1.37) (1.24) (1.49) 

  R-squared 0.69 0.86 0.97 0.56 0.63 0.62 0.83 0.77 0.79 
Panel B: Post-1985                    

 
Population (log) 0.24 0.08* 0.00 -0.33 2.01** -0.03 -0.28 -0.04 0.01 

  
(0.18) (0.05) (0.18) (0.22) (0.81) (0.33) (0.19) (0.18) (0.20) 

 
Time=1996-2006 -0.37*** -0.25** -1.80*** -6.50*** -23.30*** -7.14*** -2.25*** -1.51*** -2.18*** 

  
(0.13) (0.11) (0.38) (0.36) (1.22) (0.42) (0.26) (0.22) (0.28) 

 
Constant -0.79 0.12 18.01*** 11.00*** 30.66*** 14.55*** 8.43*** 4.91*** 6.21*** 

  
(1.23) (0.28) (1.40) (1.58) (5.68) (2.38) (1.39) (1.25) (1.44) 

  R-squared 0.69 0.86 0.97 0.59 0.68 0.64 0.82 0.76 0.77 
Panel C: Annual Data                 

 
Population (log) 0.21 0.05 -0.07 -0.32 1.92** 0.02 -0.14 -0.03 0.06 

  
(0.17) (0.04) (0.19) (0.21) (0.78) (0.33) (0.19) (0.20) (0.19) 

 
Year = 1985 -0.41 -0.03 -0.80 -4.12*** -11.14*** -3.84*** -4.02*** -2.12*** -4.09*** 

  
(0.25) (0.19) (0.73) (0.56) (2.10) (0.68) (0.52) (0.52) (0.65) 

 
Year = 1996 -0.41 -0.17 -1.78** -7.64*** -26.40*** -7.97*** -4.02*** -2.16*** -4.13*** 

  
(0.25) (0.18) (0.72) (0.56) (2.09) (0.68) (0.53) (0.53) (0.65) 

 
Year = 2006 -0.90*** -0.39** -2.95*** -10.31*** -34.63*** -10.78*** -5.52*** -3.63*** -5.95*** 

  
(0.30) (0.18) (0.76) (0.57) (2.10) (0.71) (0.56) (0.53) (0.68) 

 
Constant -0.24 0.40 19.09*** 13.39*** 38.59*** 16.44*** 9.94*** 6.19*** 8.77*** 

  
(1.19) (0.31) (1.50) (1.54) (5.50) (2.35) (1.39) (1.27) (1.45) 

  R-squared 0.70 0.87 0.97 0.61 0.70 0.66 0.84 0.77 0.79 
Observations 1,104 1,227 794 2,061 1,745 2,083 1,728 1,838 1,470 
Number of villages 385 579 290 609 592 602 505 566 471 

Notes: Robust standard errors in parentheses, estimated using the areg command in Stata 12. Significance 
levels shown are *** p<0.01, ** p<0.05, and * p<0.1.  All distances are in kilometers.
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Table 9: 2SLS results for public amenities on predicted village population and time 

Dependent variable       Transport        .               Services                         .                 Markets                   . 

 
Distance to nearest: Road Bus Stop Bank Electricity Telephone Public Livestock Private 

    (1) (2) (3) (4) (5) (6) (7) (8) 
Panel A: Post-1975                  

 
Population (log) -0.85 8.79 -36.05 -31.32* -26.99* -9.66** -24.97 -2.23 

  
(1.41) (12.28) (33.81) (16.03) (14.39) (4.26) (34.22) (2.35) 

 
Time = 1985-2006 -0.39 -8.51** -1.35 -4.72 -6.08 0.25 4.18 -1.41*** 

  
 

(0.45) (4.00) (10.87) (3.70) (3.84) (1.11) (10.41) (0.49) 
Panel B: Post-1985                 

 
Population (log) -3.63 1.80 -24.01 -29.20 -22.39* -6.26** -121.31 -2.17 

  
(3.24) (7.14) (28.63) (20.99) (11.59) (2.91) (376.44) (4.69) 

 
Time = 1996-2006 -0.35 -4.98*** -9.60*** -7.78*** -13.48*** -1.26*** 12.74 -2.26*** 

  
 

(0.33) (0.73) (3.27) (2.24) (1.62) (0.31) (54.53) (0.79) 
Panel C: Annual Data                 

 
Population (log) -0.54 3.82 -28.27 -28.12** -23.43** -7.96** -2.23 -2.04 

  
(1.36) (5.54) (25.16) (13.36) (10.18) (3.35) (6.73) (2.17) 

 
Year = 1985 -0.03 -4.96** 2.14 -0.22 2.55 0.65 0.22 0.05 

  
(0.56) (2.29) (8.89) (3.47) (3.37) (1.06) (1.99) (0.64) 

 
Year = 1996 0.10 -7.45*** 1.02 0.44 -4.36 0.67 -2.01 -0.79 

  
(0.54) (2.67) (10.75) (4.55) (4.11) (1.19) (2.59) (0.55) 

 
Year = 2006 -1.50*** -8.71*** -16.18*** -15.98*** -18.93*** -2.14*** -6.12*** -3.53*** 

    (0.46) (1.32) (6.11) (3.18) (2.61) (0.62) (1.99) (0.70) 
Observations 1,377 1,683 843 1,113 1,483 2,209 990 1,031 
Number of villages 393 482 318 348 451 594 287 352 

Notes: Robust standard errors in parentheses, estimated using the xtivreg command in Stata 12. Significance 
levels shown are *** p<0.01, ** p<0.05, and * p<0.1. Population is the predicted value from first stage 
regressions for each panel of the type shown in Table 3, but for the specific sample shown for each column.  
All distances are in kilometers. 
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Table 9 (cont’d.): 2SLS results for public amenities on predicted village population and time 
 

 
                  Water                .         Schooling and Health       .        Religious Services          . 

 
Distance to nearest  Well Borehole Dam Primary Secondary Clinic Church Mosque Temple 

    (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Panel A: Post-1975                    

 
Population (log) -20.67 1.00 -0.55 -7.22* -8.01 -2.81 -6.39 -3.78 -2.77 

  
(83.67) (0.92) (3.77) (3.71) (8.36) (4.20) (4.59) (2.70) (3.23) 

 
Time = 1985-2006 5.05 -0.22 -1.72 -5.66*** -20.89*** -6.73*** -2.94*** -1.58** -4.15*** 

  
 

(22.88) (0.19) (1.17) (1.11) (3.27) (1.39) (1.11) (0.69) (0.79) 
Panel B: Post-1985                   

 
Population (log) 34.22 -0.54 -8.46 -8.58** -19.14 -5.93 -5.99 -3.82 -4.10 

  
(225.48) (0.79) (6.82) (4.04) (12.16) (4.02) (5.11) (2.69) (3.12) 

 
Time = 1996-2006 1.27 -0.34* -2.62** -6.37*** -23.07*** -6.80*** -2.26*** -1.58*** -2.43*** 

  
 

(11.04) (0.19) (1.05) (0.48) (1.54) (0.52) (0.35) (0.29) (0.42) 
Panel C: Annual Data                   

 
Population (log) 3.99 -0.68 -2.88 -7.78** -10.99 -3.97 -5.55 -3.27 -3.84 

  
(3.87) (0.68) (3.61) (3.31) (7.64) (3.54) (3.88) (2.36) (2.91) 

 
Year = 1985 -1.85 0.06 0.37 -1.75 -5.97 -2.49* -2.20* -0.88 -2.90*** 

  
(1.52) (0.26) (1.65) (1.29) (3.73) (1.43) (1.25) (0.79) (0.99) 

 
Year = 1996 -2.01 -0.07 -0.78 -4.77*** -20.71*** -6.35*** -2.00 -0.85 -2.86*** 

  
(1.66) (0.25) (1.41) (1.45) (3.97) (1.63) (1.36) (0.83) (1.02) 

 
Year = 2006 -0.96** -0.53** -2.80*** -10.00*** -33.12*** -10.32*** -5.21*** -3.39*** -5.96*** 

    (0.46) (0.24) (0.81) (0.74) (2.42) (0.86) (0.63) (0.52) (0.73) 
Observations 1,041 1,062 753 2,025 1,681 2,055 1,694 1,777 1,410 
Number of villages 322 414 249 573 528 574 471 505 411 

Notes: Robust standard errors in parentheses, estimated using the xtivreg command in Stata 12. Significance 
levels shown are *** p<0.01, ** p<0.05, and * p<0.1. Population is the predicted value from first stage 
regressions for each panel of the type shown in Table 3, but for the specific sample shown for each column.  
All distances are in kilometers.  


