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Table 1. Descriptive statistics on crime and police

All figures reported per 100,000 inhabitants

Std. dev.MedianMeanA. Crime incidence (average 1999-2001)

575462.01496.0Number of stolen cattle

10746.1323.2Number of stolen cattle found

38%22%33%Proportion of recovered catte (if stolen)

20.00.2Number of stolen vehicles

977.942.8Number of burglaries

202.18.5Number of homicides

270.07.0Number of murderers found

44%67%56%Proportion of murderers found (if murder)

100.02.9Number of rapes

B. Law enforcement personnel

1050.046.2Gendarmes

830.012.9Police

609362.9478.1Quartier mobiles

613413.7537.1Total

2710.025.0Military



DataTable 2. Characteristics of communes

Std. dev.MedianMeansourceA. Population characteristics

23965787310532pop. censusTotal population

75426131pop. censusPopulation density

1%50%50%pop. censusPercentage of men in total population

11812pop. censusPercentage of migrants in male population

197570pop. censusPercentage of men in agriculture or livestock

100pop. censusPercentage of unemployed in male population

61819pop. censusPercentage of female headed households

255857pop. censusLiteracy rate

B. Poverty and inequality

1159communePercentage of population who is well-to-do

243539communePercentage of population who is middle class

254044communePercentage of population who is poor

1158communePercentage of population who is very poor

0.020.0340.04communeInequality index (1)

C. Isolation and public services

45.014.028.7communeTravel time to nearest city (in hours) (*)

10.32.05.3communeTravel time to nearest hospital (in hours)

8.30.02.4communeTravel time to nearest secondary school (in hours)

7.80.02.4pop. censusPercentage of households with electricity

3.60.00.9pop. censusPercentage of households with running water

12.90.25.6pop. censusPercentage of households with pump water

28.47.422.7pop. censusPercentage of households with toilet

131750005244communeAverage beer price (an indicator of cost of living)

D. Other characteristics

0.800.6communeNumber of years with cyclone in last three years

1.311.2communeNumber of years road was cut in last three years

0.250.290.32communeEthnic fractionalization index

0%24%communePresence of Bara or Sakalava

0%6%communeCommune had riots since independence

0%20%communePrecious stones or gold mined in commune

0%43%communeTourist attraction present in commune

0.29%0.01%0.06%communePercentage of non-Malagasy population

3197425886644communeNumber of zebu cattle

861561718communeNumber of sheep and goats

D. Province

21%Antananarivo

27%Fianarantsoa

14%Toamasina

13%Mahajanga

16%Toliara

10%Antsiranana

(*) Travel time to nearest urban center includes waiting time. Average of dry and wet season times.
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Table 5. Determinants of the crime rate with additional controls

RapesHomicidesBurglariesCattle theft(estimator is generalized negative binomial regression)

z-stat.Coef.z-stat.Coef.z-stat.Coef.z-stat.Coef.UnitIsolation

2.840.2473.130.1512.870.2033.750.263logTravel time to nearest major city

1.900.2202.310.136-2.15-0.1685.870.444logArea

-1.90-0.454-6.79-0.625-3.76-0.428-10.02-1.321logPopulation

Poverty and inequality (rich is omitted category)

1.181.7562.682.0912.942.4271.561.599sharePercentage of middle income residents

1.061.5122.571.9753.162.5311.251.244sharePercentage of low income residents

1.782.3522.411.9033.273.0091.361.534sharePercentage of very low income residents

1.468.2612.407.9331.997.8823.7416.634varVariance of income (1)

Location and province dummies (Fianarantsoa is omitted province)

0.170.092-3.98-0.8470.540.163-5.59-1.605yes=1Antananarivo

0.230.153-0.37-0.0964.011.179-3.78-1.880yes=1Toamasina

-0.18-0.140-3.23-0.9912.020.876-4.29-1.965yes=1Mahajanga

1.151.002-3.29-0.856-1.62-0.492-2.67-0.871yes=1Toliara

-1.13-0.994-1.15-0.4574.292.099-3.60-2.602yes=1Antsiranana

0.830.099-3.36-0.222-1.74-0.129-4.92-0.359degreeEast

1.960.2971.800.0970.090.0073.570.287degreeNorth

Additional controls

0.284.2272.8419.366-0.56-4.500-0.24-2.307%Percentage of men in total population

0.800.0162.800.0190.610.0061.990.016%Percentage of migrants in male population

-1.20-0.012-0.48-0.0020.270.0021.700.009%Percentage of men in agriculture or livestock

-0.44-0.0991.050.0710.860.0660.000.000%Percentage of unemployed in male population

0.360.0091.730.022-0.34-0.0050.500.010%Percentage of female headed households

-0.38-0.003-0.64-0.003-0.04-0.0000.160.001%Literacy rate

1.340.0952.390.1081.090.065-0.39-0.022# yearsNumber of years road was cut in last 3 years

-0.32-0.0290.750.023-2.07-0.0774.620.159logNumber of zebu cattle

-0.50-0.0210.950.0222.970.0841.400.033logNumber of sheep and goats

0.270.0742.000.2541.200.2102.930.503yes=1Precious stones or gold mined in commune

1.500.3081.440.1462.350.3010.530.068yes=1Tourist attraction present in commune

-0.76-0.710-0.97-0.084-1.55-0.581-0.61-0.096%Percentage of non-Malagasy population

-1.13-0.8450.510.1030.900.203-2.36-0.411yes=1Commune had riots since independence

2.650.0523.020.0502.980.0360.090.001%Percentage of households with electricity

0.030.0071.760.1201.660.1320.190.018# yearsNumber of years with cyclones

-0.48-0.3042.070.531-0.99-0.3684.111.564indexEthnic fractionalization index

1.490.4031.440.197-0.94-0.1751.690.257yes=1Presence of Bara or Sakalava

1.0001.0001.0001.000logPopulation (offset variable)

-2.28-26.101-4.41-16.562-0.24-1.239-0.64-3.722Intercept

995995992989Number of observations

0.07220.08400.0350.0685Pseudo R-squared

p-valuetest stat.p-valuetest stat.p-valuetest stat.p-valuetest stat.

0.33004.610.10327.700.011512.960.000124.74Joint test of the poverty and inequality variables

Since all regressions correct for population size as an offset variable, coefficient estimates measure the effect of regressors on the crime rate.

All regressions allow for the dependence of the variance of the negative binomial distribution on all the regressors.

(1) The variance of commune income is a rough approximation; see text for details.

(2) Due to the very small number of non-zero observations (3% of the sample) we can only estimate a very reduced form equation.



Table 6. Endogeneity and exogeneity tests for law enforcement

RapesHomicidesBurglariesCattle theftA. Crime regressions

p-valuetest stat.p-valuetest stat.p-valuetest stat.p-valuetest stat.Hausman test that law enforcement is endogenous

0.019027.040.191618.340.005031.310.400613.63in the crime regressions (2)

Wald test that instruments are exogenous in

0.5414.0580.1767.6640.6633.2410.3345.722the crime regressions

All three (1)PoliceQuartiers mobilesGendarmesB. Instrumenting regressions

p-valuetest stat.p-valuetest stat.p-valuetest stat.p-valuetest stat.F-test that instruments are jointly significant in

0.00015.440.01093.000.00006.970.08741.93the instrumenting regressions for law enforcement

Hausman and Wald tests are based on OLS and IV regressions. F-test is based on tobit for law enforcement.

(1) When combining all three law enforcement personnel, 'quartiers mobiles' are given a weight of 0.2 to capture their lesser involvement in solving crime.

(2) Testing total law enforcement personnel. Similar results are obtained for other categories of law enforcement personnel.

(3) Using gendarmes only. Using more law enforcement categories results in even lower test statistics.



Table 7. Determinants of the crime rate, controlling for law enforcement

RapesHomicidesBurglariesCattle theft(estimator is generalized negative binomial regression)

z-stat.Coef.z-stat.Coef.z-stat.Coef.z-stat.Coef.UnitLaw enforcement (instrumented)

2.451.3670.200.0662.700.9790.660.285logNumber of law enforcement personnel

Isolation

1.340.1362.860.1531.690.1293.460.243logTravel time to nearest major city

1.150.1671.760.125-3.35-0.3084.670.429logArea

-3.11-1.145-3.47-0.651-4.64-0.928-6.40-1.483logPopulation

Poverty and inequality (rich is omitted category)

0.060.0802.492.1311.231.1461.171.270sharePercentage of middle income residents

-0.43-0.6582.272.0061.010.9690.780.866sharePercentage of low income residents

0.080.1412.031.9391.531.6250.811.136sharePercentage of very low income residents

0.472.6772.378.2330.692.8663.5516.114varVariance of income (1)

Location and province dummies (Fianarantsoa is omitted province)

-0.18-0.093-3.73-0.840-0.41-0.126-4.90-1.595yes=1Antananarivo

1.300.773-0.14-0.0444.671.521-2.80-1.527yes=1Toamasina

0.180.116-3.06-0.9401.800.783-4.15-1.844yes=1Mahajanga

1.581.147-2.76-0.814-0.39-0.129-1.81-0.713yes=1Toliara

0.070.053-0.83-0.3724.682.367-3.32-2.316yes=1Antsiranana

1.320.138-3.23-0.218-1.32-0.099-4.61-0.337degreeEast

0.970.1541.570.086-0.02-0.0023.060.242degreeNorth

Additional controls

0.333.9962.8519.651-0.29-2.360-0.35-3.415%Percentage of men in total population

1.580.0222.800.0190.940.0092.370.019%Percentage of migrants in male population

-0.64-0.005-0.08-0.0001.120.0073.420.018%Percentage of men in agriculture or livestock

-0.55-0.0771.070.0720.860.0670.240.025%Percentage of unemployed in male population

0.740.0181.700.022-0.15-0.0020.720.014%Percentage of female headed households

-1.00-0.007-0.60-0.002-0.69-0.0040.530.003%Literacy rate

1.430.1002.450.1101.660.100-0.43-0.023# yearsNumber of time road was cut

-1.64-0.1090.590.020-1.79-0.0733.670.137logNumber of zebu cattle

-0.15-0.0061.010.0243.160.0891.630.038logNumber of sheep and goats

-0.16-0.0411.790.2410.330.0622.350.398yes=1Precious stones or gold mined in commune

1.420.2681.420.1452.380.3040.440.055yes=1Tourist attraction present in commune

-1.52-0.851-0.82-0.095-2.19-0.731-1.04-0.194%Percentage of non-Malagasy population

-1.07-0.7010.610.1240.290.067-2.66-0.449yes=1Commune had riots since independence

2.130.0473.100.0542.450.0310.550.009%Percentage of households with electricity

-0.75-0.1571.750.1201.380.1100.110.010# yearsNumber of years with cyclones

-0.57-0.3722.090.542-0.92-0.3484.161.630indexEthnic fractionalization index

1.060.2781.360.195-1.27-0.2441.670.261yes=1Presence of Bara or Sakalava

1.0001.0001.0001.000logPopulation (offset variable)

-1.43-14.545-3.80-16.3160.361.937-0.19-1.160Intercept

985985982980Number of observations

0.07640.08530.03660.0691Pseudo R-squared

Since all regressions correct for population size as an offset variable, coefficient estimates measure the effect of regressors on the crime rate.

All regressions allow for the dependence of the variance of the negative binomial distribution on all the regressors.

(1) The variance of commune income is a rough approximation; see text for details.



Table 8. Determinants of sense of insecurity, controlling for law enforcement

(Estimator is ordered probit)

z-stat.Coef.UnitLaw enforcement (instrumented)

0.860.201logNumber of law enforcement personnel

Isolation

4.320.166logTravel time to nearest major city

1.860.099logArea

-1.12-0.145logPopulation

Poverty and inequality (rich is omitted category)

0.230.137sharePercentage of middle income residents

0.700.425sharePercentage of low income residents

0.850.550sharePercentage of very low income residents

0.992.470varVariance of income (1)

Location and province dummies (Fianarantsoa is omitted province)

0.040.006yes=1Antananarivo

1.570.324yes=1Toamasina

2.170.505yes=1Mahajanga

0.450.094yes=1Toliara

2.830.916yes=1Antsiranana

-2.73-0.122degreeEast

-0.80-0.030degreeNorth

Additional controls

2.1910.166%Percentage of men in total population

2.060.011%Percentage of migrants in male population

1.990.006%Percentage of men in agriculture or livestock

-1.37-0.066%Percentage of unemployed in male population

1.090.010%Percentage of female headed households

2.340.007%Literacy rate

0.790.024# yearsNumber of time road was cut

-0.90-0.023logNumber of zebu cattle

-0.71-0.011logNumber of sheep and goats

-0.72-0.070yes=1Precious stones or gold mined in commune

0.000.000yes=1Tourist attraction present in commune

-1.15-0.156%Percentage of non-Malagasy population

0.700.106yes=1Commune had riots since independence

0.790.007%Percentage of households with electricity

-0.15-0.007# yearsNumber of years with cyclones

0.570.108indexEthnic fractionalization index

2.730.303yes=1Presence of Bara or Sakalava

987Number of observations

0.0739Pseudo R-squared

(1) The variance of commune income is a rough approximation; see text for details.



Table 9. Endogeneity and exogeneity tests for crime variables

All three (1)PoliceQuartiers mobilesGendarmesA. Law enforcement regressions

p-valuetest stat.p-valuetest stat.p-valuetest stat.p-valuetest stat.Hausman test that crime is endogenous in the

0.145610.840.000032.210.001523.260.013217.74law enforcement regressions

Wald test that instruments are exogenous in

0.66413.1140.34817.5910.9198.8580.9418.240the law enforcement regressions (3)

RapesHomicidesBurglariesCattle theftB. Instrumenting regressions

F-test that instruments are jointly significant in

0.389616.940.000063.040.006233.550.0000139.34the instrumenting regressions for crime

Hausman and Wald tests are based on OLS and IV regressions. F-test is based on generalized negative binomial for crime and tobit for law enforcement.

(1) When combining all three law enforcement personnel, 'quartiers mobiles' are given a weight of 0.2 to capture their lesser involvement in solving crime.

(2) Testing total law enforcement personnel. Similar results are obtained for other categories of law enforcement personnel.

(3) Using gendarmes only. Using more law enforcement categories results in even lower test statistics.



Table 10. Presence of law enforcement officers, controlling for crime

All threePoliceQuartiers mobilesGendarmes(Estimator is censored least-absolute deviation)

z-stat.Coef.z-stat.Coef.z-stat.Coef.z-stat.Coef.Crime (instrumented)

0.970.0000.540.0000.310.0000.930.000logCattle theft

-0.56-0.004-0.36-0.0041.910.0120.610.007logBurglaries

1.190.0390.510.020-1.26-0.060-1.83-0.089logHomicides

-0.40-0.0130.960.051-1.27-0.077-0.46-0.036logRape

Isolation

1.670.0540.410.023-0.56-0.0281.280.129logTravel time to nearest major city

2.370.0971.330.0962.740.1475.430.663logArea

7.420.5152.790.3995.640.4863.050.551logPopulation

Location and province dummies (Fianarantsoa is omitted province)

1.910.285-1.74-0.6292.090.268-1.25-0.444yes=1Antananarivo

-2.49-0.4891.940.562-5.18-1.079-2.72-1.666yes=1Toamasina

0.530.1510.390.183-0.82-0.268-2.40-1.237yes=1Mahajanga

-2.41-0.528-1.16-0.340-1.34-0.4220.450.189yes=1Toliara

-0.58-0.220-0.81-1.046-2.72-1.133-2.85-2.620yes=1Antsiranana

0.570.0261.780.1722.450.154-2.26-0.256degreeEast

-0.81-0.035-1.45-0.1050.220.0113.740.296degreeNorth

Additional controls

0.570.029-2.35-0.2110.300.023-0.17-0.021logTravel time to nearest hospital

-2.79-0.1261.060.071-0.72-0.044-2.55-0.301logTravel time to nearest school

1.290.0140.230.0050.380.0044.000.083%Percentage of households with electricity

1.130.0051.520.015-1.50-0.0111.730.012%Percentage of households with running/pump water

1.760.0030.300.0011.440.0032.090.011%Percentage of households with toilet

2.740.6291.260.3992.720.854-2.14-1.178logAverage beer price (an indicator of cost of living)

-0.30-0.0162.620.1680.900.0420.130.015# yearsNumber of years with cyclones

0.560.0170.010.000-0.88-0.0312.720.236# yearsNumber of time road was cut

0.890.1670.920.3450.200.0330.370.105yes=1Commune had riots since independence

0.680.1561.251.2590.160.0820.760.497%Percentage of non-Malagasy population

-3.03-7.479-1.80-6.126-3.60-12.337-0.85-5.581Intercept

0.5180.7390.5360.718Quantile used in estimation

The dependent variable is log(# law enforcement personnel+1)



Table 11. Solving crimes

Recovering stolen(estimator is maximum likelihood Heckman selection model)

Finding murdererscattle

z-stat.Coef.z-stat.Coef.A. Proportion of cases solved

2.690.1081.740.047logNumber of gendarmes (instrumented)

Isolation

0.910.0170.300.004logTravel time to nearest major city

0.130.0030.560.008logArea

-0.19-0.0081.410.035logPopulation

Location and province dummies (Fianarantsoa is omitted province)

-0.12-0.010-2.48-0.119yes=1Antananarivo

3.370.310-1.31-0.091yes=1Toamasina

2.030.243-1.60-0.118yes=1Mahajanga

0.070.006-1.79-0.087yes=1Toliara

2.780.428-0.64-0.066yes=1Antsiranana

0.590.014-0.20-0.003degreeEast

-2.04-0.0390.120.001degreeNorth

Other factors

-0.22-0.0170.360.018yes=1Commune had riots since independence

1.360.1231.010.042%Percentage of non-Malagasy population

-0.16-0.001-1.32-0.003%Percentage of households with electricity

0.440.011-0.89-0.015# yearsNumber of years with cyclones

1.160.0200.160.002# yearsNumber of time road was cut

1.951.6970.010.003Intercept

B. Selection equation

Isolation

2.900.1250.470.024logTravel time to nearest major city

0.490.027-1.51-0.095logArea

3.090.2541.060.098logPopulation

Poverty and inequality (rich is omitted category)

2.471.8272.151.520sharePercentage of middle income residents

2.431.7141.641.128sharePercentage of low income residents

2.071.4861.871.371sharePercentage of very low income residents

1.895.8011.926.094varVariance of income (1)

Location and province dummies (Fianarantsoa is omitted province)

-1.75-0.3191.120.244yes=1Antananarivo

-0.43-0.094-1.13-0.301yes=1Toamasina

-1.81-0.5081.430.568yes=1Mahajanga

-2.25-0.471-1.96-0.510yes=1Toliara

-0.98-0.358-0.48-0.214yes=1Antsiranana

-2.41-0.131-3.33-0.265degreeEast

1.620.0752.090.114degreeNorth

Additional controls

2.7015.2003.3621.504%Percentage of men in total population

1.300.008-0.18-0.001%Percentage of migrants in male population

-1.18-0.0041.400.006%Percentage of men in agriculture or livestock

0.480.0280.710.045%Percentage of unemployed in male population

0.920.0101.140.014%Percentage of female headed households

-0.52-0.0020.060.000%Literacy rate

1.240.0462.660.117# yearsNumber of time road was cut

-0.03-0.0012.730.091logNumber of zebu cattle

0.280.0052.650.064logNumber of sheep and goats

0.510.057-1.92-0.256yes=1Precious stones or gold mined in commune

2.310.2123.010.332yes=1Tourist attraction present in commune

-0.22-0.0350.260.050%Percentage of non-Malagasy population

1.190.2211.150.262yes=1Commune had riots since independence

-0.33-0.003-1.20-0.013%Percentage of households with electricity

0.350.020-1.68-0.112# yearsNumber of years with cyclones

0.940.221-0.37-0.096indexEthnic fractionalization index

-0.14-0.0180.150.025yes=1Presence of Bara or Sakalava

-3.78-12.579-3.50-13.022Intercept

993991Number of observations

523724of which uncensored

The dependent variable is the number of cattle (murderers) found over the number of cattle stolen (murders).

(1) The variance of commune income is a rough approximation; see text for details.
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