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1. Motivation and Objectives

• What is the farm size – productivity relationship over 
time in Brazil?
▫ Defining productivity as crop yield (output/hectare), we 

find mixed results
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Source: Helfand and Taylor (2016); Fig. 1, pp. 4

• But land productivity only accounts for one input, and is 
thus an incomplete measure of total farm performance
▫ We estimate total factor productivity (TFP) by farm size 

with a pseudo-panel of municipal by size data from 1985, 
1995/96, and 2006 censuses
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• Once we account for the spectrum of inputs, are Brazil’s
large farms the most productive?  Can small farms continue to 
compete?

• There is little evidence on this issue.  The overwhelming 
majority of evidence on TFP for Brazil is at the national or 
state levels.

Gasques, 2015.
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• To answer this question we:
▫ Estimate TFP in 1985, TFP growth in 1985-2006, and TFP in 

2006 for five farm size classes

▫ Decompose TFP growth beyond technical change and average 
efficiency change
 We examine the full distribution of producer performance for each 

farm size class

▫ Assess the role of output specialization and K-intensity in raising 
TFP growth

▫ Evaluate how policies affect output, input, and TFP growth
 Technical assistance, credit, electricity, and education



Outline

1. Motivation and objectives

2. Alternative models and challenges 
▫ The long and winding path to a relatively simple model
▫ Little evidence to support a frontier (pseudo-panel)

3. Results
▫ Descriptive 
▫ Model estimation
▫ TFPC and its distribution and decomposition
▫ Output specialization
▫ Policies: credit, technical assistance, and education

4. Conclusions, next steps, remaining challenges
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2. Alternative models and challenges 

A. How to model inefficiency over time, and how to make it a 
fn of explanatory variables?

▫ BC 92, BC 95, Wang 02
▫ These models ignore unobserved heterogeneity =>
 All deviations from frontier are inefficiency 

B. How to model heterogeneity and inefficiency?
▫ Greene (2005) TFE, TRE; CRE 
▫ Because we don’t have farm level data, some differences in inefficiency—

managerial ability—will cancel out in the process of aggregating 
▫ Thus, we are particularly concerned with heterogeneity

C. Models that allow for time varying inefficiency and try to 
separate time invariant effects into a) heterogeneity and 
b) persistent inefficiency

▫ Kumbhakar et al. (2014),  Colombi et al. (2014)
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• In Stata and Limdep, we have estimated a number of these 
models

• General conclusions
▫ Little evidence of skewness
▫ Symmetric error dominates asymmetric error:
 Vsigma often 10x or 15x larger than Usigma => lack of skew

▫ Many models did not converge
▫ When they did converge, TFP growth was not credible 
 TE too high/TEC too low/TFPC too low

▫ Difficulty of capturing heterogeneity (FE, RE, CRE)
▫ Often not able to include weights in frontier models

See evidence on following slides
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APF w/ FEs and Environmental Shocks
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No Skew in error of the FE model
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No Skew in the fixed effects (U)
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Brazil (FE)
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Stochastic Frontier Models: Convergence with Problematic Results

BC92 
+ State FE

True RE CRE: True RE
+ Mundlak

CRE: True RE
+ Soil

+ Rainfall (level)
+ Transport Cost

+ Von Thunen index
+ Mundlak

TC 0.0507 0.0012 0.0064 0.0065
TEC -0.0355 0.0037 0.0010 0.0010
TFPC 0.0152 0.0049 0.0074 0.0075

Sigma2 0.4127 0.6331 0.2512 0.2509
Sigma_u2 0.1503 0.0778 0.0350 0.0365
Sigma_v2 0.2624 0.5552 0.2162 0.2144

Gamma 0.3642 0.1229 0.1392 0.1454
Lambda 0.5728 0.1401 0.1617 0.1702

N 50,247 50,247 47,631 47,631


CD Models

				Tabela 2. Resultados das estimativas para função Cobb-Douglas, Brasil, sem uso de pesos.

						1
BC92 
+ State FE		2a
BC92 
+ State FE 
+ Local Controls 
+ Mundlak		2b
BC92 
+ Local Controls 
+ Mundlak
		3
True RE		4a
True RE
+ Local Controls
+ Mundlak		4b
True RE
+ Mundlak		5a
True RE
+ Soil
+ Mundlak		5b
True RE
+ Rainfall
+ Mundlak		5c
True RE
+ Soil
+ Rainfall
+ Mundlak		5d
True RE
+ Soil
+ Rainfall
+ Transport Cost
+ Mundlak		4d
True RE
+ Local Controls 
+ Mundlak

				A		0.144		0.304		0.303		0.094		0.239		0.241		0.242		0.242		0.243		0.242		0.242

						(25.38)**		(13.04)**		(12.86)**		(17.54)**				(21.39)**		(21.46)**		(21.45)**		(21.48)**		(21.47)**		(21.39)**

				L		-0.007		0.026		0.024		-0.016		0.064		0.061		0.062		0.062		0.062		0.062		0.063

						(0.43)		(1.21)		(1.09)		(0.99)				(5.22)**		(5.26)**		(5.25)**		(5.24)**		(5.26)**		(5.36)**

				I												0.467		0.467		0.468		0.468		0.468		0.467

																(89.77)**		(89.78)**		(89.84)**		(89.78)**		(89.83)**		(89.58)**

				I1		0.195		0.218		0.219		0.193		0.171

						(32.00)**		(23.50)**		(23.28)**		(34.06)**

				I2		0.505		0.352		0.350		0.553		0.270

						(68.90)**		(32.56)**		(32.00)**		(76.39)**

				K		0.004		0.018		0.018		-0.005		0.017		0.131		0.130		0.130		0.130		0.130		0.131

						(1.44)		(3.83)**		(3.86)**		(1.68)				(24.94)**		(24.86)**		(24.87)**		(24.82)**		(24.85)**		(24.88)**

				T		0.052		0.020		0.020		0.012		0.010		0.006		0.006		0.006		0.006		0.006		0.007

						(34.44)**		(25.42)**		(24.98)**		(21.66)**				(18.68)**		(18.90)**		(18.85)**		(18.93)**		(18.92)**		(18.93)**

				pm				-0.050		-0.027				-0.004				-0.002				-0.005		-0.004

								(5.68)**		(3.15)**								(1.56)				(3.54)**		(2.93)**

				ds				0.002		0.006				-0.005				-0.007				-0.003		-0.002		-0.004

								(0.54)		(1.62)								(3.45)**				(1.21)		(1.00)		(1.79)

				re				0.050		0.023				0.000												-0.008

								(5.39)**		(2.59)**																(4.63)**

				ce				-0.015		-0.006				0.005												-0.017

								(1.82)		(0.84)																(5.50)**

				fs				0.016		0.015				-0.008				-0.005				-0.003		-0.003		-0.020

								(2.05)*		(2.11)*								(3.17)**				(1.76)		(1.80)		(5.47)**

				alt				0.000		0.000				0.000				-0.046				-0.016		-0.016		-0.017

								(4.48)**		(3.59)**								(16.54)**				(5.06)**		(5.10)**		(5.10)**

				dcap1980				0.000		0.000				0.000												0.024

								(1.68)		(3.11)**																(5.82)**

				dsp1980				0.000		0.000				0.000										0.009

								(1.95)		(1.42)														(1.66)

				dvti_mean				0.116		0.149				0.032

								(3.80)**		(4.98)**

				pp_barh_q1_mean				0.003		0.005				0.006						-0.042		-0.052		-0.054		-0.044

								(2.08)*		(4.78)**										(3.50)**		(4.24)**		(4.24)**		(3.43)**

				pp_barh_q2_mean				-0.006		-0.006				0.001						-0.168		-0.160		-0.147		-0.159

								(6.56)**		(8.21)**										(18.65)**		(15.69)**		(13.10)**		(15.55)**

				pp_barh_q3_mean				0.002		0.002				-0.001						0.175		0.163		0.166		0.145

								(2.93)**		(3.83)**										(8.98)**		(8.19)**		(8.14)**		(7.20)**

				pp_barh_q4_mean				0.003		0.002				-0.001						0.225		0.215		0.209		0.225

								(2.99)**		(2.35)*										(11.67)**		(10.04)**		(8.86)**		(10.25)**

				pp_sdh_q1_mean				0.004		0.003				0.000

								(2.20)*		(1.54)

				pp_sdh_q2_mean				0.001		0.002				-0.003

								(0.30)		(1.56)

				pp_sdh_q3_mean				-0.003		0.000				0.000

								(1.68)		(0.06)

				pp_sdh_q4_mean				-0.001		-0.005				-0.001

								(0.65)		(4.03)**

				at_barh_q1_mean				-0.128		-0.104				0.109

								(2.83)**		(2.67)**

				at_barh_q2_mean				-0.173		-0.049				0.221

								(2.39)*		(0.76)

				at_barh_q3_mean				0.191		0.178				-0.076

								(3.76)**		(4.11)**

				at_barh_q4_mean				0.166		0.015				-0.260

								(2.32)*		(0.25)

				at_sdh_q1_mean				0.241		-0.075				-0.538

								(1.70)		(0.68)

				at_sdh_q2_mean				-0.423		-0.449				-0.443

								(3.34)**		(4.67)**

				at_sdh_q3_mean				0.110		0.616				0.734

								(0.59)		(4.29)**

				at_sdh_q4_mean				0.223		0.075				0.186

								(1.70)		(0.74)

				A_mean				-0.211		-0.246				-0.122		-0.166		-0.169		-0.156		-0.160		-0.158		-0.158

								(8.73)**		(10.09)**						(14.25)**		(14.50)**		(13.30)**		(13.60)**		(13.43)**		(13.42)**

				L_mean				-0.052		-0.032				0.081		0.197		0.168		0.121		0.121		0.124		0.128

								(1.55)		(0.95)						(10.71)**		(9.16)**		(6.53)**		(6.50)**		(6.57)**		(6.81)**

				I_mean												0.282		0.271		0.250		0.249		0.248		0.249

																(37.85)**		(36.35)**		(33.42)**		(33.27)**		(33.01)**		(32.87)**

				I1_mean				-0.058		-0.067				-0.026

								(4.64)**		(5.43)**

				I2_mean				0.259		0.309				0.305

								(17.62)**		(21.32)**

				K_mean				-0.017		-0.020				-0.022		-0.108		-0.091		-0.087		-0.081		-0.081		-0.081

								(3.02)**		(3.48)**						(15.53)**		(13.06)**		(12.02)**		(11.10)**		(11.05)**		(11.12)**

				Constant		3.720		1.230		1.400		3.510		3.680		2.575		2.914		1.822		2.049		1.906		1.875

						(48.32)**		(5.53)**		(7.37)**		(86.50)**				(89.65)**		(77.03)**		(36.99)**		(32.74)**		(21.35)**		(27.37)**

				lnsigma2		-0.885		-1.112		-1.088

						(55.21)**		(101.29)**		(98.91)**

				ilgtgamma		-0.557		-3.984		-4.008

						(10.58)**

				mu		1.272		0.004		0.003

						(26.52)**

				eta		-0.049		-0.021		-0.018

						(27.69)**		(2.21)*		(1.91)

				Sigma_U												0.1870		0.1920		0.1910		0.1930		0.1930		0.1910

				Sigma_V												0.4650		0.4620		0.4630		0.4620		0.4620		0.4630

				sigma2		0.4127		0.3287		0.3368		0.6331		0.8024		0.2512		0.2503		0.2509		0.2507		0.2507		0.2509

				sigma_u2		0.1503		0.0060		0.0060		0.0778		0.2451		0.0350		0.0369		0.0365		0.0372		0.0372		0.0365

				sigma_v2		0.2624		0.3227		0.3307		0.5552		0.5573		0.2162		0.2134		0.2144		0.2134		0.2134		0.2144

				gamma		0.3642		0.0183		0.0178		0.1229		0.3055		0.1392		0.1473		0.1454		0.1486		0.1486		0.1454

				lambda		0.5728		0.0186		0.0181		0.1401		0.4398		0.1617		0.1727		0.1702		0.1745		0.1745		0.1702

				State FE		Yes		Yes		No		No		No		No		No		No		No		No		No

				Convergence 
(up to 100 iterations)		Yes		No		No		Yes		No		Yes		Yes		Yes		Yes		Yes		Yes

				N		50,247		50,247		50,247		50,247		50,247		47,631		47,631		47,631		47,631		47,631		47,631



						
BC92 
+ State FE						
True RE				
True RE
+ Mundlak		 
True RE
+ Soil
+ Mundlak		
True RE
+ Rainfall (level)
+ Mundlak		
True RE
+ Soil
+ Rainfall (level)
+ Mundlak		
True RE
+ Soil
+ Rainfall (level)
+ Transport Cost
+ Mundlak		
True RE
+ Soil
+ Rainfall (level)
+ Transport Cost
+ Von Thunen index
+ Mundlak




				Sigma2		0.4127						0.6331				0.2512		0.2503		0.2509		0.2507		0.2507		0.2509

				Sigma_u2		0.1503						0.0778				0.0350		0.0369		0.0365		0.0372		0.0372		0.0365

				Sigma_v2		0.2624						0.5552				0.2162		0.2134		0.2144		0.2134		0.2134		0.2144



				Gamma		0.3642						0.1229				0.1392		0.1473		0.1454		0.1486		0.1486		0.1454

				Lambda		0.5728						0.1401				0.1617		0.1727		0.1702		0.1745		0.1745		0.1702



				TC		0.0507						0.0012				0.0064		0.0065		0.0065		0.0065		0.0065		0.0065

				TEC		-0.0355						0.0037				0.0010		0.0010		0.0010		0.0010		0.0009		0.0010

				TFPC		0.0152						0.0049				0.0074		0.0075		0.0074		0.0075		0.0074		0.0075



				Obs filtered to attend confiden-tiality in 1985, 1995/96 (n<3)		0						0				2,616		2,616		2,616		2,616		2,616		2,616



				N		50,247						50,247				47,631		47,631		47,631		47,631		47,631		47,631







Selected Stats

				Stochastic Frontier Models: Convergence with Problematic Results												Tabela 2. Resultados das estimativas para função Cobb-Douglas, Brasil, sem uso de pesos, modelos com convergencia (até 100 iterações).



						
BC92 
+ State FE		
True RE		
CRE: True RE
+ Mundlak		
CRE: True RE
+ Soil
+ Rainfall (level)
+ Transport Cost
+ Von Thunen index
+ Mundlak




				TC		0.0507		0.0012		0.0064		0.0065

				TEC		-0.0355		0.0037		0.0010		0.0010

				TFPC		0.0152		0.0049		0.0074		0.0075



				Sigma2		0.4127		0.6331		0.2512		0.2509

				Sigma_u2		0.1503		0.0778		0.0350		0.0365

				Sigma_v2		0.2624		0.5552		0.2162		0.2144



				Gamma		0.3642		0.1229		0.1392		0.1454

				Lambda		0.5728		0.1401		0.1617		0.1702



				N		50,247		50,247		47,631		47,631





				Notes:

				(1) Local Controls are Soil, Transport Cost, Von Thunen Index, Rainfall (level and SD).

				(2) Soil indices: Potential Mechanization, Soil Drainage,  Erosion Resistance, Rooting Capacity, Soil Fertility, Altitude.



				Obs filtered to attend confiden-tiality in 1985, 1995/96 (n<3)		0		0		2,616		2,616

						0.4127

						0.3641870608

						0.5727896341





Selected Stats Updated

				Tabela 2. Resultados das estimativas para função Cobb-Douglas, Brasil, sem uso de pesos, modelos com convergencia (até 100 iterações).



						
BC92 
+ State FE		
True RE		
True RE
+ Mundlak		
True RE
+ Soil
+ Rainfall (level)
+ Transport Cost
+ Von Thunen index
+ Mundlak




				N		50,247		50,247		47,631		47,631



				TFPC		0.0152		0.0049		0.0074		0.0075



				Sigma2		0.4127		0.6331		0.2512		0.2509

				Sigma_u2		0.1503		0.0778		0.0350		0.0365

				Sigma_v2		0.2624		0.5552		0.2162		0.2144



				Gamma		0.3642		0.1229		0.1392		0.1454

				Lambda		0.5728		0.1401		0.1617		0.1702







				Notes:		(1) Local Controls are Soil, Transport Cost, Von Thunen Index, Rainfall (level and SD).

						(2) Soil is a set of scores: Potential Mechanization, Soil Drainage, Erosion Resistance, Rooting Capacity, Soil Fertility, Altitude.







• These models suggest no frontier (except with restrictive BC92)
▫ Probably due to pseudo-panel data 
▫ Representative farms (300 farms on average)

• But we believe there is heterogeneity in performance much like 
what would be captured with a SFPF
▫ The heterogeneity is across municipalities and sizes, not across 

individual farms

• We capture this heterogeneity with an average translog
production function:
▫ Can use fixed effects and weights
▫ Recovers the entire distribution of TFPC
▫ Permits decomposition of TFPC: TC and TEC
▫ Permits analysis of marginal effects of policy on inputs, output and 

TFPC
▫ Permits assessment of the role of specialization, or capital 

intensity, in raising TFPC 
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Empirical specification:

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖 + �
𝑘𝑘=1

𝑁𝑁

𝛽𝛽𝑘𝑘𝑥𝑥𝑘𝑘𝑖𝑖𝑖𝑖 + 0.5�
𝑘𝑘=1

𝑁𝑁

�
ℎ=1

𝑁𝑁

𝛽𝛽𝑘𝑘ℎ𝑥𝑥𝑘𝑘𝑖𝑖𝑖𝑖𝑥𝑥ℎ𝑖𝑖𝑖𝑖 + �
𝑘𝑘=1

𝑁𝑁

𝛿𝛿𝑘𝑘𝑥𝑥𝑘𝑘𝑖𝑖𝑖𝑖𝑡𝑡 + 𝜆𝜆1𝑡𝑡 + 0.5𝜆𝜆11𝑡𝑡2 + �
𝑗𝑗=1

𝑀𝑀

𝜃𝜃𝑗𝑗𝑧𝑧𝑗𝑗𝑖𝑖𝑖𝑖 + 𝑒𝑒𝑖𝑖𝑖𝑖

• 𝑦𝑦 is the log of output; 𝑥𝑥 is a vector of logged inputs; t is time; and 𝑧𝑧 is a 
vector of policy variables and controls.

• 𝛼𝛼𝑖𝑖 are fixed effects for approximately 16,000 representative farms.  
• Subscript k=1,…,4 refers to  family labor, land, purchased inputs, and 

capital.
• Subscripts j refer to a vector controls and policy variables that enter the 

production function linearly: 
▫ Temperature and rainfall shocks, technical assistance, credit and education.

• 𝑒𝑒𝑖𝑖𝑖𝑖 is the error term.
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• Note that TFPC, and all elasticities, are different for every 
observation and depend on the inputs

𝜕𝜕𝑦𝑦𝑖𝑖𝑖𝑖
𝜕𝜕𝑡𝑡

= 𝜆𝜆1 + 𝜆𝜆11𝑡𝑡 + �
𝑘𝑘=1

𝑁𝑁

𝛿𝛿𝑘𝑘𝑥𝑥𝑘𝑘𝑖𝑖𝑖𝑖

𝑒𝑒𝑘𝑘𝑖𝑖𝑖𝑖 =
𝜕𝜕𝑦𝑦𝑖𝑖𝑖𝑖
𝜕𝜕𝑥𝑥𝑘𝑘𝑖𝑖𝑖𝑖

= 𝛽𝛽𝑘𝑘 + �
ℎ=1

𝑁𝑁

𝛽𝛽𝑘𝑘ℎ𝑥𝑥ℎ𝑖𝑖𝑖𝑖 + 𝛿𝛿𝑘𝑘𝑡𝑡

• This permits us to estimate the entire distribution of TFPC, 
elasticities, and other variables.
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3A. Descriptive Statistics

Technology Other Total Machines Animals Trees Total

0-5 100 -37 -24 58 132 104 113 73 121 100
5-20 76 -27 -28 94 88 90 43 82 41 47
20-100 53 -23 -26 63 60 61 1 69 14 7
100-500 43 -21 -31 158 65 96 -10 26 16 -3
500- 174 -4 7 580 193 306 16 35 62 25

Brazil 85 -15 -26 223 110 149 10 50 29 17

Table 4
Percentage Change of Outputs and Inputs by Size: 1985-2006

Size (ha) /
Brazil

Output Land Family
Labor

Purchased Inputs Capital Stock



• Model for 1985 TFP
▫ Translog w/Municipal FEs, CRS and Size Dummies
▫ Role of weights

• Model for 1985-2006 TFP growth
▫ Various specifications: role of controls and policy variables 
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3B. Econometric Results
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1985 TFP Levels & Role of Weights
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Brazil's Agricultural TFP by Farm Size, 1985 & 2006
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Mean TFPC by Farm Size
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The Importance of TFPC for Output Growth
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TFPC by Degree of Specialization 

25



26

1.0

1.5

2.0

2.5

3.0

3.5

4.0

40-60 60-80 80-90 90-

TF
PC

Degree of specialization

TFPC X Degree of Specialization for Selected Activities (Farms 0-5ha) 

Perenial

Annual

Hort

Chick/Hog

Mean TFPC

Specialization: Farms 0-5ha



27



28

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

40-60 60-80 80-90 90-100

TF
PC

Degree of specialization

TFP Change X Degree of Specialization for Selected Activities (Farms 5-20ha) 

Perenial

Annual

Hort

Chk/Hog

Mean TFPC

Large Ani

Specialization: Farms 5-20ha



29

0.0

0.5

1.0

1.5

2.0

2.5

3.0

40-60 60-80 80-90 90-100

TF
PC

Degree of specialization

TFP Change X Degree of Specialization for Selected Activities (Farms 20-100ha) 

Perenial

Annual

Chk/Hog

Lg Ani

Mean TFPC

Specialization: Farms 20-100ha



30

1.0

1.5

2.0

2.5

3.0

3.5

4.0

40-60 60-80 80-90 90-100

TF
PC

Degree of specialization

TFPC X Degree of Specialization for Selected Activities (Farms 500ha -) 

Perenial

Annual

Large Ani

Mean TFPC

Specialization: Farms 500-ha



31



For small and large farms, K intensity (per ha) is fairly 
neutral w.r.t. TFPC:

32



But for mid-sized farms, k-intensity is associated with 
slower TFPC: Why?
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How much of TFPC do policies explain?
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APF TL Brasil
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Tech. Assistance 0.096** 0.086** 0.092**

Credit -0.048 -0.073*
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Farm Employees Schooling 0.049** 0.041**
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Marginal Policy Effects on Output, Input, 
and TFP Growth, 1985-2006
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Marginal Policy Effects on Output, Input,  
and TFP Growth, 1985-2006
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Marginal Policy Effects on Output, Input,  
and TFP Growth, 1985-2006
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Marginal Policy Effects on Output, Input,  
and TFP Growth, 1985-2006
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• TFP growth has been fastest in the smallest and largest 
size classes, yet the middle has lagged. 
▫ Does the strong negative correlation between TFP growth 

and capital intensity provide a clue?

• Specialization in annual crops is associated with above 
average TFP growth in all size classes.

• Surprisingly, for farms 0-20ha, specialization in 
chickens/pigs/horticulture is not associated with faster 
TFP growth. 
 Too input intensive?

• Specialization in large animals/milk was important for 
TFP for farms 5-20ha and 20-100ha.

39

4. Conclusions, next steps, remaining challenges



Conclusions

• Across all farms sizes, education boosts outputs more 
than inputs, leading to TFP growth. 
▫ However, for the smallest farmers, we see a tradeoff 

between education of farmers vs. employees.  Opportunity 
cost?

• For Brazil as a whole, technical assistance has a positive 
impact on TFP, and credit a negative impact. Largely 
driven by farms 100-500ha and 500-ha. 
▫ Unique, size-related finding or an anomaly?

• Brazil could still greatly boost agricultural supply if it 
could improve the productivity performance of its 
lagging medium sized farms.
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