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Figure 1: Poverty trap and multiple equilibria 
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Graph [1]: Evolution of Income Distribution Over 30-Year Period 
 Kernel Densities of Income for Years 1975, 1983, 2001 and 2004 

 
Note: Kernel smoothing densities for specific years. For ease of presentation income plotted are 
restricted to values -100 and 4000 Rupees in 1975 prices. 
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Graph [2]: Bivariate Lowess Estimates of Current Income on Lagged Income,  
and Kernel Densities of Lagged Income  

 
Note: 45-degree line indicates locus where current income equals lagged income. Data used for the 
graphs is restricted to the years used in the parametric analysis, namely 1977-1983, and 2003-2004. For 
ease of presentation income plotted are restricted to values -100 and 4000 Rupees in 1975 prices. 
Parametric analysis in the paper uses all income values. 
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Graph [3]: Simulated Income Dynamics for Median, 10th percentile and 90th percentile of fixed effects  
Model Specification: IV GMM Estimates of Quadratic Model with Year Dummies, 

 

Panel A – Simulated Dynamics         Panel B – Kernel Density of Lagged Income 

 
Note: Simulations of income dynamics have been computed using the estimated parameter of the polynomial of lagged income. Plotted simulation based on IV GMM estimates for model 
specification with quadratic polynomial and year dummies. Computed fixed effects act as shifters of the locus of polynomial. Simulation curves are depicted for a realistic range of 
lagged-income. Intersections between the dynamic trajectories and the 45-degree line indicate a potential equilibrium. Vertical line indicates zero income. Panel B kernel densities of 
lagged income does not show 104 observations with values of lagged income above 3000 Rupees, as well as 10 observations with values below -500. In both cases, the values not shown 
are otherwise included in all regressions. 
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Table 1: Tracking and attrition in the 2001-2004 survey 

Status by 2004-05 Full sample of individuals 
included in 1975-1984 (VLS1) 
with tracking information in 
2005  

Of which: 

Included in the 
2001 survey, i.e. in 
the village and in 
the sample in 2001 

Of which: 

Not included in the 
VLS2, 2001 survey 

 

Dead in 2005? 432 24 408 

Migrated in 2005? 675 45 630 

In village in 2005? 857 581 276 

No information in 2005? 34 4 30 

Total  1998 654 1344 

Note: based on attempts to track 1998 individuals included at some point between 1975-84 in the original households of the 1975-84 sample. Not including 
servants.  

 

 

Table 2. Mean and Standard Deviation of Income, by Survey Year 

 
Note: Income measured in 1975 rupees per adult equivalent per year. Standard deviations appear in parentheses beneath mean values of continuous variables. 

 

1975 1976 1977 1978 1979 1980 1981 1982 1983 2001 2002 2003 2004
Income 640.3 864.5 982.1 1019.7 1035.8 956.9 1018.5 1159.3 1044.4 1975.2 2353.0 1310.2 1257.8 1199.6

(567.1) (744.1) (804.2) (764.9) (790.0) (790.8) (806.0) (891.6) (763.5) (7,378.1) (11,408.4) (1,850.0) (2,351.0) (3,904.8)
Observations 255 258 262 262 263 273 273 274 274 261 260 258 255 3428

VLS 1 VLS 2 Total
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Table 3. First Stage Results – Impact of Rainfall on Lagged Income 

 
Note:  Standard errors robust to heteroskedasticity and household-level clustering appear in parentheses. Income measured as real Rupees per adult equivalent. 
Rainfall shock measured as deviation from mean rainfall across observed waves of the panel.  

Dependent variable: �Y t-1 �Y t-1 �Y t-1
2

�Y t-1
2

�Y t-1
3

�Y t-1
3

(1) (2) (3) (4) (5) (6)
Rainfall shock, t-1 52.86*** 81.2200 66,382.51 725,763.91 126370329.2 5.80E+09

(18.290) (73.600)  (9.81E+04)  (4.64E+05)  (7.94E+08)  (3.78E+09)
Rainfall shock * land operated (ha), t-1 5.12*** 3.76** 30,448.00*** 26,181.76** 154787235.39*** 143272054.90**

(1.720) (1.690)  (9.14E+03)  (1.06E+04)  (5.62E+07)  (6.56E+07)
Rainfall shock * children 0-8 in HH, t-1 -19.83*** -31.10*** -73,784.72** -119,976.96*** -4.12e+08* -6.44e+08***

(6.150) (5.340)  (3.49E+04)  (2.97E+04)  (2.42E+08)  (2.04E+08)
�Year: 1977 184.23** -58,039.18 -3.67E+09

(73.770)  (4.67E+05)  (3.80E+09)
�Year: 1978 79.3500 -438,700.81 -5.59E+09

(97.570)  (5.92E+05)  (4.54E+09)
�Year: 1979 -23.9900 -883,580.64 -7.74E+09

(108.860)  (6.60E+05)  (5.23E+09)
�Year: 1980 -35.7500 -602,736.51 -5.22E+09

(81.230)  (5.00E+05)  (3.90E+09)
�Year: 1981 -115.8400 -715,383.33 -5.54e+09*

(71.960)  (4.38E+05)  (3.34E+09)
�Year: 1982 4.0500 -674,154.43 -5.95E+09

(96.550)  (5.90E+05)  (4.72E+09)
�Year: 1983 93.8100 -81,396.43 -2.69E+09

(58.050)  (3.62E+05)  (2.89E+09)
�Year: 2003 72.9800 -123,823.09 -9.47E+08

(105.660)  (5.78E+05)  (4.43E+09)
�Year: 2004 -689.96*** -3477212.11*** -2.25e+10**

(151.820)  (1.23E+06)  (1.07E+10)
Observations 2248 2248 2248 2248 2248 2248
R-squared 0.0000 0.0600 0.0000 0.0200 0.0000 0.0100
F Test for joint significance of IV 11.27 11.47 3.97 5.48 3.18 3.55
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Dependent variable: �Yt
(1) (2) (3) (4) (5) (6)

�Y t-1 -0.040221 0.5319124*** 0.179322 1.4574380*** 0.891272 2.1515322**
(0.219) (0.187) (0.368) (0.479) (1.376) (0.924)

�Y t-1
2 -0.000065 -0.0002763** -0.000556 -0.000837

(0.000) (0.000) (0.001) (0.001)
�Y t-1

3 0.000000 0.000000
(0.000) (0.000)

�Year: 1977 52.7805 -27.4243 1.7347
(47.369) (64.855) (68.988)

�Year: 1978 -53.9930 -81.8115 -44.8529
(48.196) (55.255) (61.983)

�Year: 1979 4.8351 -33.5984 -41.0478
(31.397) (40.812) (41.855)

�Year: 1980 -79.5996190* -72.2559 -74.1045621*
(42.504) (45.081) (44.390)

�Year: 1981 91.9102651** 138.9750006** 155.4561876*
(43.697) (58.681) (82.135)

�Year: 1982 95.5066867*** 69.4890 46.9323
(32.619) (43.444) (70.288)

�Year: 1983 -178.9808074*** -194.0245059*** -162.7718092***
(43.983) (47.057) (58.015)

�Year: 2003 -460.2581603*** -481.6388404*** -585.3554501***
(122.901) (138.147) (202.049)

�Year: 2004 603.2967086*** 322.8020 523.2767
(190.981) (238.326) (403.580)

Observations 2248 2248 2248 2248 2248 2248
R-squared 0.035 -0.728 0.044 -1.131 -2.131 -2.59
Second-Stage Diagnostics
Anderson-Rubin F stat 0.615 5.648 0.615 5.648 0.615 5.648
Prob > F 0.606 0.001 0.606 0.001 0.606 0.001
Hansen J Statistic (overidentification) 1.699 6.137 1.25 1.991 - -
Prob > chi-squared 0.428 0.0465 0.264 0.158 - -
Source: Analysis of ICRISAT VLS 1975-2004 data. Standard errors robust to heteroskedasticity and clustering within household-
year cells appear in parentheses. Income measured in 1975 Rupees per adult equivalent. Anderson Rubin F statistic tests the null
hypothesis that the endogenous regressors are jointly insignficant in structural equation. Hansen J Statistic, reported for
overidentified models tests null hypothesis that the excluded instruments are uncorrelated with the structural equation error. Cragg-
Donald F-Statistics reported includes Kleibergen-Paap rank correction. Cragg-Donald 'Weak IV' statistic tests for the null hypothesis
that instruments are strongly correlated with the set of endogeneous variables.

Table 4. Modelling Income Dynamics, TSLS GMM Estimates

Linear Polynomial Quadratic Polynomial Cubic Polynomial
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Table 5. Unpacking Household Fixed Effects - Correlates of HH Steady State Income 

 
Note: Robust standard errors  eported in parentheses.  We restrict the sample size to the number of households for which we can compute income fixed effects. Fixed 
effects used in columns (1) to (6) and (7) to (12) were obtained using parameter estimates corresponding to columns (1) to (6) model specifications reported in Table 3. 

Dependent variable: HH Fixed Effect
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

HH Head Education, 1975 246.36*** 118.02*** 276.14*** 246.73*** 546.83*** 585.92*** 153.80*** 75.69*** 175.69*** 170.33*** 350.25** 388.12**
(78.08) (34.42) (88.50) (83.04) (185.17) (203.52) (55.20) (23.86) (61.61) (56.58) (129.98) (143.43)

HH Head Age, 1975 7.58 2.42 7.88 3.83 11.31 8.94 4.98 1.30 5.05 1.68 5.30 2.82
(6.41) (3.06) (6.93) (5.57) (12.54) (12.82) (4.75) (2.38) (5.09) (4.27) (9.02) (9.43)

HH Head Sex, 1975 -282.58 -170.78 -283.79 -175.29 -544.82 -495.39 -170.77 -116.58 -163.28 -83.77 -332.96 -285.58
(312.02) (165.44) (315.90) (185.73) (573.54) (508.95) (334.71) (181.91) (342.00) (219.82) (604.79) (551.13)

HH Size, 1975 14.30 18.92 10.80 3.66 19.27 11.70 -50.85 -11.63 -59.69 -49.91 -112.71 -120.26
(41.22) (20.65) (44.00) (33.96) (84.86) (86.37) (35.80) (18.89) (39.69) (36.57) (74.57) (82.20)

Nr of Members ages 9-14, 1975 -89.80 -42.28 -95.37 -66.31 -233.10 -233.54 -21.88 -11.74 -21.53 -10.13 -84.53 -83.48
(78.01) (36.30) (81.57) (55.77) (154.17) (148.28) (53.14) (27.37) (55.35) (43.30) (102.38) (102.19)

Nr of Members ages 0-8, 1975 -110.84* -70.25*** -111.52* -73.33 -155.26 -132.62 -11.51 -24.09 -3.94 8.46 49.51 72.61
(56.02) (23.83) (60.57) (47.78) (128.38) (133.50) (41.11) (18.73) (44.72) (38.84) (107.92) (118.63)

Area Owned by HH (in Ha), 1975 59.40*** 28.67*** 64.05*** 48.65*** 113.61*** 112.66***
(8.48) (4.21) (8.66) (9.79) (16.25) (18.32)

Value of HH Assets (in Ru), 1975 0.01*** 0.00** 0.01*** 0.01*** 0.03*** 0.03***
(0.00) (0.00) (0.00) (0.00) (0.01) (0.01)

Low Caste Dummy -369.76*** -169.44*** -353.29*** -103.01 -459.95** -265.97 -165.23 -77.39 -130.91 66.17 -13.04 185.37
(104.06) (53.48) (111.57) (101.97) (214.97) (222.30) (103.49) (49.14) (111.97) (103.30) (216.67) (229.13)

Village 2 Dummy -106.04 -97.40 -104.35 -92.37 -222.21 -224.16 38.53 -33.77 53.22 27.57 105.68 108.51
(154.70) (65.35) (153.37) (87.22) (265.42) (239.91) (154.22) (65.91) (151.60) (81.37) (251.54) (214.30)

Village 3 Dummy -263.83 -164.05** -280.17 -235.89* -599.90* -619.39** -148.93 -115.86* -154.29 -139.98 -319.42 -332.37
(170.21) (76.23) (174.57) (118.64) (294.11) (274.35) (141.15) (63.43) (143.25) (100.35) (232.85) (216.16)

Village 4 Dummy -250.42 -186.45*** -280.42* -313.79*** -543.10* -627.95** -290.62* -208.97*** -322.93** -345.95*** -593.98** -674.60**
(152.00) (64.35) (152.90) (87.12) (283.78) (261.88) (142.41) (62.60) (142.98) (89.29) (270.15) (255.71)

Village 5 Dummy 194.40 35.75 215.46 128.33 187.48 138.30 323.20* 91.47 356.10** 235.41* 487.63* 443.82*
(196.18) (83.84) (205.46) (145.05) (301.39) (271.11) (158.79) (66.63) (164.71) (117.48) (247.54) (219.64)

Village 6 Dummy -256.22 -165.33* -311.38 -400.40** -758.04* -932.66** -62.27 -84.37 -98.79 -238.41** -281.39 -444.52
(215.70) (97.18) (222.92) (152.23) (413.67) (402.93) (164.56) (72.82) (166.67) (112.90) (320.36) (317.25)

Village 7 Dummy 972.59* 537.80** 847.75 46.83 975.37 259.59 887.93* 500.34** 755.53 -23.36 785.03 66.67
(504.19) (241.29) (520.38) (339.16) (962.69) (903.09) (456.94) (227.52) (467.75) (306.05) (854.93) (798.29)

Observations 219 219 219 219 219 219 219 219 219 219 219 219
R-squared 0.281 0.278 0.281 0.262 0.26 0.25 0.477 0.448 0.481 0.438 0.492 0.475

Linear Polynomial Quadratic Polynomial Cubic PolynomialLinear Polynomial Quadratic Polynomial Cubic Polynomial
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Graph [A1]: Simulated Income Dynamics for Median, 10th percentile and 90th percentile of fixed effects 
All Model Specifications: Linear, Quadratic and Cubic 

Panel A – Linear, Quadratic and Cubic 
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Panel B – Linear, Quadratic and Cubic with Year Dummies 

 
Note: Simulations of income dynamics have been computed using the estimated parameter of the polynomial of lagged income. Computed fixed effects act as shifters of the 
locus of polynomial. Simulation curves are depicted for a realistic range of lagged-income. Intersections between the dynamic trajectories and the 45-degree line indicate a 
potential equilibrium. Vertical line indicates zero income. 
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Graph [A1]: Simulated Income Dynamics for Median, 10th percentile and 90th percentile of fixed effects 
All Model Specifications: Linear, Quadratic and Cubic 

Panel A – Linear, Quadratic and Cubic 
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Panel B – Linear, Quadratic and Cubic with Year Dummies 

 
Note: Simulations of income dynamics have been computed using the estimated parameter of the polynomial of lagged income. Computed fixed effects act as shifters of the 
locus of polynomial. Simulation curves are depicted for a realistic range of lagged-income. Intersections between the dynamic trajectories and the 45-degree line indicate a 
potential equilibrium. Vertical line indicates zero income.   
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Graph [A3]: VLS1 and VLS2 Dynamics – Simulated Income Dynamics with Median, 10th percentile and 90th percentile of fixed 
effects 

Model Specification: Quadratic Polynomial Model with Year Dummies by Panel Period 

 

Panel A – VLS1 (1975-1983)      Panel B – VLS1 (2001-2004) 

  
Note: Simulations of income dynamics have been computed using the estimated parameter of the polynomial of lagged income. Computed fixed effects act as shifters of the locus of 
polynomial. Simulation curves are depicted for a realistic range of lagged-income. Intersections between the dynamic trajectories and the 45-degree line indicate a potential equilibrium. 
Vertical line indicates zero income. Estimation methodology drops two years from each panel period, 1975-74 and 2001-2002 in VLS1 and VLS2 respectively.  
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Table A1. Robustness Checks - TSLS LIML and TSLS Fuller  

 
Note: Standard errors robust to heteroskedasticity and household-level clustering appear in parentheses. Income measured in 1975 Rupees per adult equivalent.  Anderson Rubin F 
statistic tests the null hypothesis that the endogenous regressors are jointly insignificant in structural equation. Hansen J Statistic, reported for overidentified models tests null hypothesis 
that the excluded instruments are uncorrelated with the structural equation error. Cragg-Donald F-Statistics reported includes Kleibergen-Paap rank correction. Cragg-Donald 'Weak IV' 
statistic tests for the null hypothesis that instruments are strongly correlated with the set of endogenous variables. 

Dependent variable: �Yt Linear 
Polynomial

Quadratic 
Polynomial

Cubic 
Polynomial

Linear 
Polynomial

Quadratic 
Polynomial

Cubic 
Polynomial

(1) (2) (3) (4) (5) (6)
�Y t-1 0.5452230* 1.3747701* 2.1515322** 0.400700 1.0122233** 1.2135817***

(0.331) (0.708) (0.924) (0.268) (0.423) (0.395)
�Y t-1

2 -0.0002157 -0.000837 -0.000154 -0.0003472**
(0.000) (0.001) (0.000) (0.000)

�Y t-1
3 0.000000 0.000000

(0.000) (0.000)
�Year: 1977 13.9849069 -47.7631 1.7347 46.2397 -1.9216 22.4936

(-70.758) (77.090) (68.988) (58.077) (58.182) (50.959)
�Year: 1978 -43.1131818 -81.7873 -44.8529 -23.7125 -53.7785 -36.8911

(-65.224) (63.281) (61.983) (56.029) (52.500) (49.302)
�Year: 1979 -6.3901965 -35.8641 -41.0478 -0.7069 -22.5017 -22.5806

(-36.227) (46.034) (41.855) (33.247) (38.195) (36.012)
�Year: 1980 -81.0020274* -78.8992155* -74.1045621* -78.5088478* -77.3101444* -75.0904329*

(-45.205) (46.785) (44.390) (43.080) (44.237) (42.653)
�Year: 1981 96.6846359* 126.9684644* 155.4561876* 87.0024367* 109.8685011* 115.9691290*

(-51.380) (67.753) (82.135) (46.189) (56.448) (59.367)
�Year: 1982 98.9536262** 75.4202 46.9323 109.2556494*** 91.1450854** 85.2590449*

(-41.694) (50.390) (70.288) (36.976) (41.410) (44.673)
�Year: 1983 -189.8215336*** -208.1811944*** -162.7718092*** -169.8225183*** -185.4216336*** -165.6450532***

(-57.672) (51.149) (58.015) (49.766) (44.471) (43.423)
�Year: 2003 -466.4809810*** -478.5441391*** -585.3554501*** -448.3862661*** -459.2445232*** -486.9541585***

(-138.666) (149.300) (202.049) (127.306) (131.663) (140.723)
�Year: 2004 549.4638479** 437.2782 523.2767 456.0534739* 387.2351795* 385.8545412*

(-270.853) (273.683) (403.580) (233.061) (228.753) (227.718)
Observations 2248 2248 2248 2248 2248 2248
R-squared -0.7550 -0.9340 -2.5900 -0.4830 -0.5430 -0.6810
First-Stage Diagnostics
Number of Instruments 3 3 3 3 3 3
Cragg-Donald F-Statistic 11.47 2.48 0.49 11.47 2.48 0.49
Second-Stage Diagnostics
Anderson-Rubin F stat 5.648 5.648 5.648 5.648 5.648 5.648
Prob > F 0.001 0.001 0.001 0.001 0.001 0.001
Hansen J Statistic (overidentification) 5.427 1.761 - 1.360 0.520 -
Prob > chi-squared 0.066 0.185 - 0.507 0.471 -

LIML TSLS Estimates Fuller TSLS Estimates
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Table A2. Robustness Checks - Parsimonious IV Set: Interactions ( Rainfall x Land ) and ( Rainfall x Kids ) 

 
Note: Standard errors robust to heteroskedasticity and household-level clustering appear in parentheses. Income measured in 1975 Rupees per adult equivalent.  Anderson Rubin F 
statistic tests the null hypothesis that the endogenous regressors are jointly insignificant in structural equation. Hansen J Statistic not defined since both models are only just-identified 
Cragg-Donald F-Statistics reported includes Kleibergen-Paap rank correction. Cragg-Donald 'Weak IV' statistic tests for the null hypothesis that instruments are strongly correlated with the 
set of endogenous variables. Parsimonious instruments are as follows: (Rainfall x Land Operated (Ha)) and (Rainfall x Nr Kids 0-8). 

GMM or LIML Estimators Fuller Estimator

(1) (2)
�Y t-1 1.7268980*** 1.1053874***

(0.581) (0.324)
�Y t-1

2 -0.0003471** -0.0002045***
(0.000) (0.000)

�Year: 1977 -51.1554 5.9872
(73.194) (54.238)

�Year: 1978 -84.7624 -49.3782
(62.102) (50.234)

�Year: 1979 -47.7931 -25.4332
(45.833) (37.261)

�Year: 1980 -74.9713 -75.0995174*
(47.679) (43.800)

�Year: 1981 135.1463401* 110.2271740**
(69.665) (55.891)

�Year: 1982 72.0140 92.7845468**
(57.392) (42.975)

�Year: 1983 -198.1413051*** -175.8830890***
(51.073) (42.719)

�Year: 2003 -466.6884612*** -449.5562886***
(180.862) (135.899)

�Year: 2004 269.7582 296.6419
(289.062) (214.984)

Observations 2248 2248
R-squared -1.7200 -0.6300
First-Stage Diagnostics
F-Statistic - �Yt-1 15.08 15.08
F-Statistic - �Yt-1

2 6.98 6.98
Number of Instruments 2 2
Cragg-Donald F-Statistic 3.35 3.35
Second-Stage Diagnostics
Anderson-Rubin F stat 0.166 8.436
Prob > F 0.847 0.000

Quadratic Polynomial Model
Dependent variable: �Yt



 

39 
 

Table A3. Robustness Checks - Stability of Parameters Between VLS1 and VLS2, TSLS GMM Estimator 

 
Note:  Standard errors robust to heteroskedasticity and household-level clustering appear in parentheses. Income measured in 1975 Rupees per adult equivalent.  Anderson Rubin F statistic tests 
the null hypothesis that the endogenous regressors are jointly insignificant in structural equation. Hansen J Statistic, reported for overidentified models tests null hypothesis that the excluded 
instruments are uncorrelated with the structural equation error. Cragg-Donald 'Weak IV' statistic tests for the null hypothesis that instruments are strongly correlated with the set of endogenous 
variables. Estimation methodology drops two years from each panel period, 1975-74 and 2001-2002 in VLS1 and VLS2 respectively. 

(1) (2) (3) (4)
�Y t-1 1.1690928*** 1.8247166*** 2.014811 2.063861

(0.298) (0.456) (2.413) (2.265)
�Y t-1

2 -0.0002431** -0.0003925*** -0.000274 -0.000398
(0.000) (0.000) (0.000) (0.000)

�Year: 1977 -66.8549
(49.887)

�Year: 1978 -79.1821
(53.281)

�Year: 1979 -53.1049
(38.517)

�Year: 1980 -85.3914316*
(44.409)

�Year: 1981 167.8761505***
(53.963)

�Year: 1982 54.2389
(42.624)

�Year: 1983 -198.5292210***
(42.751)

�Year: 2003 -485.4916698*
(251.244)

�Year: 2004 344.6865
(585.742)

Observations 1836 1836 412 412
R-squared -0.7050 -1.4630 -1.9170 -2.5500
First-Stage Diagnostics
Number of Instruments 3 3 3 3
F-Statistic - �Yt-1 57.37 13.14 3.52 1.8
F-Statistic - �Yt-1

2 20.21 8.9 1.94 1.69
Cragg-Donald F-Statistic 5.05 2.16 0.21 0.68
Second-Stage Diagnostics
Anderson-Rubin F stat 21.050 12.420 3.008 1.612
Prob > F 0.000 0.000 0.031 0.187
Hansen J Statistic (overidentification) 5.591 4.898 1.121 0.0173
Prob > chi-squared 0.018 0.027 0.29 0.895

Quadratic Polynomial Model

VLS1 VLS2
Dependent variable: �Yt
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