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A Note on Heterogeneity and Aggregation Using Data on Agricultural Productivity∗ Samuel Bazzi† University of California, San Diego October 2012



Abstract: Using data from Indonesia, I show that both household- and village-level rice output per hectare follow a skew log Laplace (also, double Pareto) distribution. Exploiting this fact, I derive an estimate of the Cobb-Douglas production function parameter for land, which is similar to those in existing literature based on richer models with detailed input data. I show that the close correspondence between household- and village-level estimates is a systematic feature of the power law properties of landholdings and productivity.



Suppose that rice paddy output Yiv for household i in village v of Indonesia is given by θ Yiv = F (Kiv , Riv ) = Kiv (ξiv Riv )β ,



(1)



where Kiv is a composite of other inputs including public capital, rainfall, and labor; ξiv is landaugmenting technology with an unknown distribution; and Riv is household landholdings in hectares. Suppose also that constant returns to scale hold and that landholdings Riv above R = 0.1 Ha follow a Pareto distribution with shape parameter λv (see Bazzi, 2012). Suppose additionally that household landholdings Riv and output Yiv are unobservable but that data on the average product of P P land, AP Rv = ( i Yiv / i Riv ) ≡ (Yv /Rv ), are available for every village (i.e., we observe total village output Yv and total area planted Rv ). Several distributional properties of AP Rv can be established in relation to unobservable householdlevel output per hectare Yiv /Riv . First, note that under certain conditions, Yiv follows a Pareto disθ (ξ R)β . This presumes that tribution with shape parameter ρv = λv /β and lower bound Y = Kiv iv



although ξiv (and Kiv ) may also obey a power law distribution such as the Pareto, its shape param-



∗ Some of the results in this brief note are referenced in my job market paper, “Wealth Heterogeneity, Income Shocks, and International Migration: Theory and Evidence from Indonesia.” Their applicability beyond the topics addressed therein warranted the present, very brief draft (rather than solely an addendum in the online appendix to the job market paper). I acknowledge financial support from the Center on Emerging and Pacific Economies at UC, San Diego. Any errors are of course my own. † Dept. of Economics, UCSD, 9500 Gilman Dr. # 0508, San Diego, CA 92093-0508; [email protected]
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eter ωv is larger than λv (i.e., exhibits less dispersion than landholdings).1 Since β < 1, it follows that ρv > λv . Moreover, so long as Yiv is i.i.d. across households within v, then the dispersion of P P Yv ≡ i Yiv also equals ρv , and the same holds true for Rv = i Riv , which has shape parameter λv . Gabaix (2009) refers to these relationships as inheritance properties of power law distributions. As the ratio of two Pareto random variables, AP Rv (and AP Riv ) follows a skew log Laplace ´ distribution (also known as double Pareto, see, Kozubowski and Podgorski, 2003; Reed, 2001)  f (AP Rv ) = (R/Y )



ρλ ρ+λ







 [(R/Y ) AP R ]λ−1 , v × [(R/Y ) AP R ]−ρ−1 , v



0 < AP Rv < Y /R AP Rv ≥ Y /R.



This distribution fits the empirical data quite well as depicted in Figure 2. The top figure plots the distribution of AP Riv using nationally representative household-level data from Susenas 2004. The bottom figure plots the distribution of AP Rv using the village-level data from the Village Potential Survey (or Podes) in 2002. The inheritance property noted above explains why in Figure 2 the interhousehold distribution of (log) AP Riv for rice paddy output based on Susenas looks so similar to the inter-village distribution of (log) AP Rv . In the tails of the empirical AP R distributions, the skew log Laplace distribution provides a better fit than the symmetric log Laplace, which can be attributed to (i) the Pareto being more appropriate than the exponential distribution for Yiv and Riv , and (ii) the shape parameter λ 6= ρ. Using AP Rv data from Podes 2002, I obtain maximum likelihood estimates b = 1.35 and ρb = 2.04. Meanwhile, using AP Riv data for a sample of households in Susenas 2004, I λ b = 1.35 and ρb = 2.44 across all households. These estimates of landholdings dispersion λ are find λ e = 1.33 that I obtain when applying the Gabaix and remarkably close to an independent estimate λ Ibragimov (2011) OLS estimator to data on land area devoted to rice cultivation in 2002 for every household in Indonesia from the 2003 Agricultural Census (see Bazzi, 2012). The close correspondence between estimates of λ at various levels of aggregation arises in part because the local variation in productivity stems primarily from land size rather than other components of productivity. As I demonstrate in Table 1, the unconditional variation in household productivity is twice as large between villages than among households within a single village. The analysis compares household-level and village-level variation in agricultural productivity based on the households in the Susenas data. The predominance of the between village variation can be explained by (i) differences in soil quality and climate across large regions comprising many villages (Geertz, 1963), and (ii) the fact that irrigation is largely a local public good.2 Within-village variation in soil qualities and access to fertilizers cannot explain the patterns observed in Table 1.
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That output does not increase one for one with area planted in Indonesian data (see Figure 1) suggests this condition should hold in practice. Matters would be less straightforward in the even that ξiv (and Kiv ) follow some non-power law distribution that does not mix well with the Pareto. However, my focus here is on observable data and what we can learn about other parameters of interest in the absence of richer information on agricultural inputs. 2 In Podes 2008, for example, over 85% of villages report either universal or no technical irrigation; only 15% of villages have some intermediate level.
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Since ρ = λ/β under the assumed production function in equation (1), the estimates based on aggregate AP Rv data imply that βb ≈ 0.66 while estimates based on household-level AP Riv imply that βb ≈ 0.55, both of which fall between the Cobb-Douglas production function parameters of 0.34 and 0.69 for all cropland estimated, respectively, by Fuglie (2010b) and Mundlak et al. (2004) using detailed data on agricultural input and output at the national level from 1961-1998/2000.3 The landholdings distribution is a key input to understanding the relationship between spatial and idiosyncratic variation in agricultural productivity. These relationships have strong theoretical foundations in the power law properties of landholdings and agricultural output. I shed new light on these foundations by documenting the similarity between estimates of λ (and β) at different levels of aggregation, for distinct samples, and under different assumptions on the production function. Overall, the results in this brief note suggest that in many agricultural contexts one need not observe individual plot-level output or technology in order to identify important moments in the distribution of agricultural income.



References Bazzi, S., “Wealth Heterogeneity, Income Shocks, and International Migration: Theory and Evidence from Indonesia,” Unpublished manuscript, 2012. Fuglie, K. O., “Productivity growth in Indonesian agriculture, 1961-2000,” Bulletin of Indonesian Economic Studies, 2010b, 40, 209–225. Gabaix, X., “Power Laws in Economics and Finance,” Annual Review of Economics, 2009, 1, 255–293. and R. Ibragimov, “Rank-1/2: A Simple Way to Improve the Estimation of Tail Exponents,” Journal of Business and Economic Statistics, 2011, 29, 24–39. Geertz, C., Agricultural Involution: The Process of Ecological Change in Indonesia, University of California Press, 1963. Kozubowski, T.J. and K. Podgorski, ´ “Log-Laplace distributions,” International Mathematics Journal, 2003, 3, 467–495. Mundlak, Y., D. Larson, and R. Butzer, “Agricultural dynamics in Thailand, Indonesia and the Philippines,” Australian Journal of Agricultural and Resource Economics, 2004, 48, 95–126. Reed, W. J., “The Pareto, Zipf and other power laws,” Economics Letters, 2001, 74, 15–19.
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Fuglie (2010b) discusses reasons for the large difference in the estimated elasticities across studies. Of course, my indirect estimates of βb could also be due to the composite of other unobservable production inputs having a Pareto distribution with parameter χ < λ in which case ρ = χ/β by another power law inheritance rule highlighted in Gabaix (2009).
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Figure 1: Output does not increase one-for-one with area planted
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Notes: The estimates are based on total rice output and area harvested recorded in Susenas data from 2004. The nonparametric estimate is based on a local linear regression with bandwidth of 0.075, an Epanechnikov kernel, and the top and bottom 1 percent of households trimmed.
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Figure 2: Distribution of productivity per hectare of paddy area harvested Household-Level Data, AP Riv .8
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Village-Level Data, AP Rv empirical distribution symmetric log Laplace, µ=1.386, β=.643
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Notes: Top Figure—household-level data from Susenas 2004. Bottom Figure—village-level aggregates from Podes 2002. The empirical density is estimated using an Epanechnikov kernel and a bandwidth of 0.2. The dashed lines are the densities based on fitting symmetric and skew log Laplace distributions to the data using  maximum likelihood 



procedures. The symmetric log Laplace distribution of AP R is given by [1/(2β AP R)]×exp − | ln APβR−µ| , and the ´ skew log Laplace is as given in the text, where δ = Y /R. Kozubowski and Podgorski (2003) details the estimation procedure in the latter case, while the MLE for the symmetric log Laplace distribution can be found in most standard texts. 5



Tables Table 1: Variation in Rice Productivity Village-Level Variation Between Within N



n ¯



Household-Level Variation Between Within N



n ¯



log productivity per hectare Overall Island Groups Province District Subdistrict Village



0.99 0.37 0.60 0.64 0.85 —



0.99 0.94 0.90 0.86 0.65 —



— 5 29 346 4563 —



— 9410 1623 136 10 —



0.87 0.10 0.46 0.69 0.79 0.84



0.87 0.87 0.81 0.76 0.57 0.46



— 5 29 339 3509 7724



— 11908 2053 176 17 8



749.8 749.7 749.3 746.8 547.7 494.0



— 5 29 339 3509 7758



— 11957 2061 176 17 8



productivity per hectare Overall Island Groups Province District Subdistrict Village



20.7 1.1 2.4 3.2 7.9 —



20.7 20.6 20.6 20.5 19.3 —



— 5 29 346 4563 —



— 9410 1623 136 10 —



749.8 7.8 32.3 97.6 1052.4 948.0



Notes: Data are obtained from Susenas 2004. N is the number of geographic units (island groups, province, district, subdistrict, village). n ¯ is the average number of villages or households within each of the N units.
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