
 1 

Financial Markets and the Determinants of Technical Inefficiency 

among Specialized Small Farmers in Chile 

 

Abstract  

Access to credit and the credit constrained condition are critical determinants of 

competitiveness in agriculture, impacting on technical efficiency of the farms. The objective 

of this study is analyzing how the credit variables influence on technical efficiency for two 

groups of specialized small farmers in Chile. Translog stochastic production frontier model 

was used to predict farm level technical efficiency using Maximum Likelihood Method. 

Using 2004 data, production functions and score of technical inefficiency are estimated for 

109 livestock and 342 crop producers. The results show that the mean technical efficiency is 

89% and 78% for crop and livestock producers, respectively. Technical efficiency increases 

with decreasing use of inputs, dependence on on-farm income, farmer education, family size 

and the age of the family head. The volume of credit has a significant impact, increasing 

efficiency in crop production and reducing it in livestock production. Correspondingly, credit 

constrained farmers are less efficient in the crop production and more efficient in livestock 

production.  
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1 Introduction 
 

Since Chile opened its economy at the end of the 1970s, the agricultural sector has 

experienced rapid growth and changes in land use. Driven by export demand, the production 

of fruits, vegetables and forestry products has increased relative to livestock and field crop 

production. Today, the perception of Chilean agriculture abroad is dominated by large export-

oriented farms producing fruits, vegetables and wine. From a domestic policy perspective, 

however, the over 278,000 small farms in Chile are also of great importance. Operating on an 
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average of 14 hectares each, these farms account for 85% of all farms and over 40% of the 

areas dedicated to crop, vegetable and grape production, and of the numbers of dairy cows 

and beef cattle in Chile.  

 

Although the financing of Chilean agriculture is mainly based on private sector funds such as 

farmer’s own resources, formal and informal capital markets, and loans from agribusiness 

firms and export companies, INDAP (Instituto de Desarollo Agropecuario), public institution, 

provides credit to a large number of small farmers who have difficulty securing loans on 

formal credit markets. Discussions with lenders suggest that it is more difficult to establish 

creditworthiness in livestock than in crop production because livestock producers tend to have 

less collateral and weaker relations with up- and downstream agribusiness, and because the 

relationship between credit use and improvements in profitability is more tenuous and slower 

to unfold in livestock production. However, INDAP and the public Banco Estado, the main 

providers of credit to agriculture, would have responded by designing special credit channels 

for livestock producers at the time of the sample. 

 

The purpose of this paper is to cast light on the impact of credit on the technical efficiency of 

specialised smallholder crop and livestock farms in Chile. Using detailed cross-section data 

from 2004 we address the following questions: Does access to credit influence technical 

efficiency?, How the condition of credit constrained effect on the technical efficiency?, and 

Do the answers to these questions differ between smallholders specialising in crop production 

and those specialising in livestock? 

 

The rest of this paper is structured as follows. In section 2 presents a conceptual frameworks 

and review of the literature. Section 3 presents the empirical methods and data. Section 4 
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shows estimation and results and section 5 closes with discussion and implications.  

 

2 Conceptual frameworks and review of the literature 
 

Explanations that point to a positive impact include the theory of credit evaluation, according 

to which lenders may partly base their credit evaluations on a firm’s performance. In this case 

there will be a positive correlation between credit and technical efficiency as inefficient firms 

will be less likely to receive credit. The theory of free cash flow asserts that large asset 

holdings and excess cash flow can encourage a lack of discipline in management, leading to 

technical inefficiency compared with a situation in which a firm depends on credit. This 

theory is presumably of limited applicability to smallholder agriculture in a setting such as 

Chile. The embodied capital approach stresses the importance of credit as a means of making 

investments that are required to ‘keep up’ with the production frontier as it shifts upwards 

over time and thus to maintain or improve efficiency.  

 

On the other hand, explanations for a negative relation between credit and technical efficiency 

include agency cost theory which asserts that lenders deal with the asymmetric distribution of 

information between themselves and borrowers by transferring higher costs to borrowers in 

the form of higher interest rates, higher collateral requirements, etc. As a result, more 

indebted farmers will bear higher costs and be less inefficient, all other things being equal. 

The theory of adjustment proposes that firms undergoing adjustment, for example due to trade 

liberalisation, are forced to be more efficient in order to survive, but that ability to adjust is 

negatively related to indebtedness. Hence, farms with lower credit burdens are able to adjust 

more easily and will thus be more efficient.  

 

Most studies analyze the impact of the debt-asset ratio on technical efficiency. These studies 
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reach varied conclusions, with some finding a significant positive impact of credit on 

technical efficiency, and others finding a significant negative impact. No studies consider the 

impact of credit constraints and credit volumes on technical efficiency simultaneously. We 

propose to consider both credit volumes and credit constraints, first because these two 

dimensions of a farm’s credit situation might affect efficiency via different pathways (e.g. 

agency cost theory is especially relevant for farms with large credit volumes, while the theory 

of adjustment will apply especially to credit constrained farms), and second, credit volumes 

and credit constraints might interact (e.g. the impact of a given volume of credit will differ 

according to whether the farm in question is credit constrained or not). 

 

In general, little is known about the impact of access credit on the efficiency of small farms. 

The relationship between credit and technical efficiency is complex and ambiguous. 

Theoretical explanations for both positive and negative impacts have been proposed (see e.g. 

Nasr et. al., 1998, Hadley et al., 2001; Lambert and Bayda, 2005; Davidova and Latruffe, 

2007; Ayaz and Hussain. 2011).  

 

3 Empirical methods and data  
 

We follow a parametric approach known as stochastic frontier analysis. This approach 

explicitly allows for measurement error as well as random factors that are not under a 

farmer’s control, such as weather and disease. It also makes it possible to test hypotheses 

about a farm’s production technology, and to impose corresponding restrictions. As stochastic 

frontier techniques are well-established in the literature, the following overview is very brief. 

 

A simple representation of the stochastic frontier model is:   
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                                         yi = f(xi) exp(wi),                                                        (1) 

 

where yi denotes the level of output for observation (farm) i, xi is a vector of the levels of k 

inputs for that farm, f(·) is the frontier production function and wi = vi − ui is a composite 

error. The error component vi is a pure random (white noise) component that accounts for 

factors such as weather that are beyond farmers’ control, as well as omitted variables and 

measurement error. ui is a systematic, nonnegative component that accounts for inefficiency. 

The corresponding output-oriented technical efficiency measure, TEi = exp(−ui)  [0,1], 

indicates by how much farm i could increase its output given the technology and input levels 

it employs. An output-oriented approach is appropriate in agricultural settings since input 

choices are made at the beginning of the production period and input levels can therefore be 

considered predetermined. In this case there is no correlation between the stochastic error and 

the predetermined input variables in the production function, and direct estimation of equation 

(1) will not suffer from simultaneous equation bias. Since only wi is observed, distributional 

assumptions for vi and ui must be made. In most applications it is assumed that vi follows a 

normal and ui a half-normal distribution, and that cov(vi,ui) = 0.  

 

Based on this model, many empirical analyses have proceeded in two steps. In the first step 

the stochastic frontier model is estimated, and in the second step estimated TEi is regressed on 

a vector of variables zi (that may overlap with xi) that are hypothesised to explain differences 

in efficiency across farms. However, it can be demonstrated (Caudill and Ford, 1993; Wang 

and Schmidt, 2002) that this procedure leads to biased estimators. An alternative based on 

pioneering papers by Huang and Liu (1994) and Battese and Coelli (1995) is to estimate a full 

model, 

                                   yi = f(xi) exp(vi – ui(zi)),                                               (2) 
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in one step using maximum likelihood methods. We follow this approach using a translog 

specification of (2): 

 

                   ln(yi) = 0 + kln(xki) + 0.5lpln(xli)ln(xpi) + vi – ui            (3) 

 

with the following assumptions and modifications: 

 

 symmetry is assumed (βlp = βpl); 

 vi is assumed to be an i.i.d. normal random variable with constant variance σv
2
; and 

 following to Caudill at el. (1995), systematic deviations from the frontier ui are assumed 

to be i.i.d. half-normal random disturbances uncorrelated with v, with mean zero and a 

heteroscedastic (i.e., farm-specific) variance σui
2
 such that ln(σui

2
) = σ0 + jzj + i, where 

j are parameters to be estimated that measure the influence of variables in z on 

efficiency, and i is assumed to be an i.i.d. normal random disturbance.  

 

Since inefficiency is modelled in equation (3), a negative coefficient indicates that the 

variable in question reduces inefficiency, or increases efficiency. The specification employed 

allows us to interpret the individual coefficients in the inefficiency model as the marginal 

effects of the corresponding variables. 

 

The dependent variable yi that used to estimate equation (3) is defined as farm income 

measured in thousands of pesos. The vector x comprises four inputs: land (L, in hectares); 

working capital (WC, in thousand pesos) as a proxy for intermediate inputs; the market value 

of livestock (AV, in thousand pesos) evaluated at sample average as a proxy for capital stock; 
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and estimated labour input (T, in hours per week based on reported shares of time spend by 

different members of the household in farm and off-farm activities). The share of irrigated 

land (ShIL) is introduced as an additional input that captures differences in land quality, and 

dummy variables (DZ3, DZ4, and DZ5) capture whether the farm in question in located in 

geographic zone 3, 4 or 5, respectively (zone 2 is the reference). Some crop producers have no 

animals, so following Battese (1997) an additional dummy variable (Dav = 1 if AV > 0) is 

used to avoid biased parameter estimates.  

 

We specify a vector z that includes the following six categories of possible determinants of 

efficiency:  

 

i. Three variables account for socioeconomic characteristics of the farm household. 

These are the age and education of the household head (Age and Edu, both in years), 

and the size of the household (HS, number of members).  

ii. One variable (ShOL, the share of farmed land that is owned by the household) reflects 

land tenure conditions.  

iii. One variable measures access to markets (Acc, the distance in km to the main road).  

iv. Eight variables capture management decisions. These include, in addition to the four 

input variables listed above (L, WC, AV and T), a dummy that equals one if the farmer 

has spent money on management training (e.g. attending a training course) or services 

(e.g. bookkeeping) in the course of the year (Dmanag). The dummy Dex equals one if 

the farmer has received assistance from extension services, and the dummy DVet 

equals one if the farmer has spent money on veterinary services. Finally, ShFI is 

defined as the share of farm income in total income.  

v. Dindap is a dummy variable that equals one if the farm in question participates in any 
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INDAP programs.  

vi. Finally, two variables measure various dimensions of a farm’s access to credit. The 

first is total credit used (Cred) in millions of Pesos. The second is a dummy that equals 

one if the head of the farm households feels credit constrained (Dcc). 

 

Table 1 presents descriptive statistics for these variables in each of the two sub-sets of data 

(crop producers and livestock producers) that will be analysed below, together with an 

indication of the expected influence of each variable on production and efficiency in equation 

(3). 

 

Table 1: Definition and descriptive statistics for the variables employed in the analysis 

 Crop producers (n = 342) Livestock producers (n = 109) 

 

Expected 

sign  

Variable (description) Units Min. Mean Max. Std.dv. Min. Mean Max. Std.d  

Production function 

Y (farm income) ‘000 Pesos 100 2,842 50,400 5,932 100 797 10,600 1,365 + 

L (agricultural land used) Hectares 0.05 3.39 50.00 4.98 0.75 20.16 200.00 25.53 + 

ShIL (share of irrigated land) share 0 0.66 1 0.45 0 0.20 1 0.37 + 

WC (working capital) ‘000 Pesos 40 2,103 40,000 4,587 24 1,365 9,500 2,104 + 

T (labour input) hrs/week 6.52 93.16 289.62 43.44 2.94 82.54 200.31 40.96 + 

Av (value of the livestock on the farm) ‘000 Pesos 0 184 1,280 280 176 2,299 16,040 2,166 + 

Dav ( =1 if Av > 0) dummy 0 0.43 1 0.49     ? 

DZ3 (=1 if farm in macro-zone 3, reference is 2) dummy 0 0.47 1 0.49 0 0.06 1 0.24 ? 

DZ4 (=1 if farm in macro-zone 4, reference is 2) dummy 0 0.19 1 0.39 0 0.23 1 0.42 ? 

DZ5 (=1 if farm in macro-zone 5, reference is 2) dummy 0 0.09 1 0.29 0 0.56 1 0.49 ? 

Determinants of inefficiency: Socioeconomic characteristics 

HS (number of household members) number 1 3.98 13 1.64 1 3.47 8 1.65 – 

Age (age of household head) years 24 51.10 84 13.62 31 53.30 86 12.57 – 

Edu (years of education of household head) years 1 7.80 26 5.83 1 7.47 25 4.80 – 

Determinants of inefficiency: Land tenure 

ShOL (share of farmland that is owned) share 0 0.45 1 0.46 0 0.66 1 0.44 – 

Determinants of inefficiency: Access to market 

Acc (distance to nearest main road) km 0 1.91 48.00 4.37 0 1.81 35.00 5.92 + 

Determinants of inefficiency: Management 

DVet (=1 if farm spends on animal health) dummy 0 0.10 1 0.30 0 0.63 1 0.48 – 

ShFI (share of farm income in total income) share 0.02 0.59 1 0.34 0.01 0.42 1 0.32 – 

Dmanag (=1 if farm spends on management) dummy 0 0.32 1 0.46 0 0.49 1 0.49 – 

Dex (=1 if farm receives extension services) dummy 0 0.15 1 0.36 0 0.22 1 0.42 – 

Determinants of inefficiency: Public support 

Dindap (=1 if farm gets any type of assistance 
from INDAP) 

dummy 0 0.54 1 0.49 0 0.56 1 0.49 – 

Determinants of inefficiency: Access to credit 

Dcc (=1 if farmer feels credit constrained) dummy 0 0.41 1 0.49 0 0.43 1 0.49 ? 

Cred (total credit used) ‘000 Pesos 0 0.43 24.00 1.70 0 0.14 4.00 0.45 ? 

Source: Own calculations using survey data. 

 

The study considers a sample of 342 specialized crop and 109 specialized livestock farms, 
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which was collected for INDAP in 2004. Maximum Likelihood (ML) estimations of equation 

(3) are performed in Ox 3.40 (Doornik, 2007) using the package SFAMB (Stochastic Frontier 

Analysis using ModelBase). The one-step estimation procedure follows Battese and Coelli 

(1995). On-farm income and production input variables are divided by their arithmetic means 

so that parameter estimates can be directly interpreted as production elasticities evaluated at 

sample means. The hypothesis testing is carried out by likelihood ratio (LR) test. 

 

4 Estimation and results  
 

Specialised small crop producers 

According to LR tests (Table 2), the best model for specialised crop producers does not 

include animal market value (AV) and the corresponding dummy (Dav) in the production 

function, and the share of own land farmed (ShOL) in the inefficiency model. The first results 

suggests that either the capital stock does not play an important role in smallholder crop 

production in Chile, or the market value of animals is not an appropriate proxy for the 

relevant capital stock. The insignificance of ShOL indicates that land tenure is not a 

determinant of technical efficiency for smallholders in Chile. Table 2 also shows that the 

Cobb Douglas restriction of the translog production function is rejected by the crop 

production data. The null hypothesis that there is no inefficiency in crop production (ui = 0 for 

all farms) is rejected (² = 69.4, critical value = 23.7), as is the hypothesis that the variables in 

the vector z make no significant contribution to explaining inefficiency (² = 57.0, critical 

value = 22.4).  

 

 

 

http://scholar.google.cl/scholar?q=likelihood+ratio+test&hl=es&as_sdt=0&as_vis=1&oi=scholart&sa=X&ei=4e4VU9GrBqSV1AHWrIGYBg&ved=0CCYQgQMwAA
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Table 2: Likelihood ratio tests for the crop production frontier model 

Null hypothesis 

Log 

likelihood 

 

Number of 

parameters 

in model 

Number of 

restrictions 

 

LR statistic 

(critical 

value) 

Decision 

 

Full model -270.1 42 - - - 

No animal market value (all terms involving AV and 

Dav = 0) 
-275.3 34 8 10.4 (15.5) accept 

As above, and no effect of land tenure (the term 

involving ShOL = 0)* 
-275.5 33 1 0.4 (3.8) accept 

As above, and no effect of credit markets (terms 

involving Cred and Dcc = 0) 
-281.1 31 2 11.2 (6.0) reject 

Production function in Cobb Douglas (all cross-effect 

terms = 0) 
-294.1 23 10 37.2 (18.3) reject 

No inefficiency (0 and all j = 0) -310.9 20 14 
69.4 

(23.1)** 
reject 

Variables in z do not explain inefficiency (all j = 0) -304.0 18 13 57.0 (22.4) reject 

* This model without animal market values and the land tenure variable is the ‘best model’ against which the ensuing 

hypotheses are tested. 

** Kodde and Palm (1986) provide critical values. 

Source: Own calculations. 

 

Estimates of equation (3) for crop producers are presented in Table 3. The regional dummy 

variables have a significant impact and indicate, as expected, that crop production is lower, 

ceteris paribus, in Chile’s southern regions. The partial elasticities of land, labour force and 

working capital, at sample mean levels, are significant with values of 0.33, 0.37 and 0.57, 

respectively. Constant returns to scale are not rejected for crop production (² = 2.5 compared 

with a 5% critical value of 3.8). The results indicate that irrigated land is more than 7 times 

more productive than land without irrigation, and that irrigation increases the production 

elasticity of working capital from 0.57 to 0.69 (see Battese et al.,1989). 

 

The estimated mean technical inefficiency in the sample of crop producers is 11%. The 

distribution of inefficiency is correspondingly concentrated around farms with scores in the 

90-100% range. The variables used to explain efficiency are jointly significant as illustrated 

above, and most of them are individually significant.  
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Table 3: Stochastic production frontier results for specialised small crop producers in 

Chile 

 Estimated coefficient 

 
Robust standard error t-value 

Constant -0.106789 0.1644 -0.650 

lnL 0.334082 0.1162 2.88** 

lnWC 0.569556 0.09729 5.85*** 

lnT 0.365894 0.1334 2.74*** 

ShIL 2.12827 0.5455 3.90*** 

DZ3 -0.232518 0.08454 -2.75*** 

DZ4 -0.494026 0.1119 -4.42*** 

DZ5 -0.382536 0.1854 -2.06** 

0.5 * lnL² -0.0950163 0.06836 -1.39 

0.5 * lnWC² -0.0376718 0.04983 -0.756 

0.5 * lnT² -0.104157 0.1105 -0.942 

0.5 * ShIL² -3.52445 0.9606 -3.67*** 

lnL * lnWC 0.105761 0.04814 2.20** 

lnL * lnT -0.0146580 0.08097 -0.181 

lnL * ShIL -0.0602729 0.1209 -0.498 

lnWC * lnT 0.139460 0.05394 2.59*** 

lnWC * ShIL 0.177708 0.08227 2.16** 

lnT * ShIL -0.330413 0.1432 -2.31** 

1n(v) -0.666436 0.04674 -14.3*** 

Constant 3.36503 0.9897 3.40*** 

Age 0.0128415 0.007147 1.80* 

Edu -0.102596 0.03805 -2.70*** 

HS -0.260360 0.1021 -2.55** 

Acc -0.107182 0.04722 -2.27** 

lnL 0.523187 0.1897 2.76*** 

lnWC 0.761701 0.2012 3.79*** 

lnT 0.523007 0.2367 2.21** 

Dmanag -0.0734015 0.2308 -0.318 

Dex 1.09348 0.3987 2.74*** 

ShFI -7.13180 0.9562 -7.46*** 

Dindap -0.332888 0.2523 -1.32 

Cred -0.589365 0.1570 -3.75*** 

Dcc 0.811282 0.2563 3.17*** 

***, ** and * refer to significance at the 1%, 5% and 10% levels, respectively. 

Source: Own calculations. 

 

As expected, results indicate that there is a positive relation between efficiency and the 

education of head family (Edu), the age of the head family (Age), family size (HS) and the 

share of on-farm income in the total income (ShFI). Technical efficiency decreases with 

increasing use of land, labour and working capital (L, T and WC). Extension services (Dex) 

and distance to main road are significant (Acc), but their signs are unexpected. Thus, farmers 
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who receive extension and are located closer to main road are less efficient. The latter result 

could be due to a conflation of the effects of market access and input use, as more remote 

farms tend to be smaller and hence use fewer inputs. It might also be that distance from the 

main road is a poor measure of remoteness, as a farm might be close to a main road but 

nevertheless quire far from the relevant markets. 

 

The variables that measure access to credit have a significant impact on technical efficiency. 

The volume of credit (Cred) has a positive influence on technical efficiency, and farms that 

consider themselves credit constrained (Dcc) are significantly less efficient than others. The 

results in Table 3 can be used to demonstrate that the mean technical inefficiency of the credit 

constrained crop farmers is 16%, while that of the unconstrained farmers is 7%. These results 

are in line with the free cash flow, credit evaluation, embodied capital and credit as insurance 

theories that explain a positive impact of credit on efficiency. Participation in INDAP 

programs (Dindap) has no significant impact on technical efficiency, and neither does the 

variable related to management efforts (Dmanag).  

 

Specialised small livestock producers 

The best model for the specialised livestock producers does not include the variables land (L), 

labour force (T) and localization (DZi) in the production function (Table 4). However, the 

estimated coefficients on land and labour, while insignificant, have the expected positive 

signs. The estimates of these coefficients are 0.15 and 0.21, respectively (detailed results are 

available from the authors on request). Furthermore, the insignificance of land in the livestock 

production function is not surprising and has been reported in several other empirical 

applications. As is the case for specialised crop producers, the land tenure variable (ShOL) is 

insignificant in the inefficiency model for specialised livestock producers (Table 4).  
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As is the case for crop production, the Cobb Douglas specification is rejected by the livestock 

production data. Constant returns to scale are rejected for specialised livestock production (² 

= 12.2, critical value = 3.8). At sample means returns to scale are increasing (1.35), which 

suggests that the livestock producers in the sample are operating at a sub-optimal size. This 

corresponds well to the discussion about the optimal size of cattle production that emerged in 

Chile in the last decade as a consequence of strong competition with imported meat from 

other MERCOSUR countries. According to Table 4, the null hypothesis that there is no 

inefficiency in crop production (ui = 0 for all farms) is rejected (² = 44.1, critical value = 

23.1), as is the hypothesis that the variables in the vector z make no significant contribution to 

explaining inefficiency (² = 40.9, critical value = 22.4). 

Table 4: Likelihood ratio tests for the livestock production frontier model 

Null hypothesis 

Log 

likelihood 

 

Number of 

parameters 

in model 

Number of 

restrictions 

 

LR  

Statistic 

(critical value) 

 

Decision 

 

Full model -54.0 42    

No labour and land inputs, no regional 

dummies (all terms involving L, T and 

DZi = 0) 

-65.2 26 16 22.4 (26.3) accept 

As above, and no effect of land tenure 

(the term involving ShOL = 0)* 
-65.6 25 1 0.9 (3.8) accept 

No effect of credit markets (terms 

involving Cred and Dcc = 0) 
-70.4 23 2 9.7 (6.0) reject 

Production function in Cobb Douglas (all 

cross effect terms = 0) 
-78.1 19 6 25.0 (12.6) reject 

No inefficiency (0 and all j = 0) -87.6 10 14 44.1 (23.1) ** reject 

Variables in z do not explain inefficiency 

(all j = 0) 
-86.0 12 13 40.9 (22.4)  reject 

* This model without land and labour inputs, regional dummies and the land tenure variable is the ‘best model’ against 

which the ensuing hypotheses are tested. 

** Kodde and Palm (1986) provide critical values. 

Source: Own calculations. 

 

Table 5 presents the parameter estimates for the specialised livestock producers. The partial 

elasticities of working capital and animal market value, evaluated at sample means, are 

significant with values of 0.51 and 0.84, respectively. The share of irrigated land (ShIL) is not 

significant, which is not surprising for livestock production. However, the coefficient on the 
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interaction term between ShIL and the working capital input (logWC * ShIL) is significant. 

As a result, the production elasticity of working capital is slightly higher on irrigated than on 

non-irregated land (0.55 rather than 0.51).  

 

The mean inefficiency is 22% in the sample of specialised livestock producers. Most of the 

variables used to explain efficiency in specialised livestock production are significant. As is 

the case for crop production, the technical efficiency of specialised livestock production 

increases with the age and education of the household head, and with increasing share of on-

farm income in total income.  

 

The hypothesis that the credit variables are jointly insignificant is rejected (Table 4). 

Inefficiency increases with increasing volume of credit (Cred), and it is lower for farms that 

perceive themselves to be credit constrained (Dcc) (Table 5). In other words, given two 

otherwise identical farms with equal credit volumes, the one that is credit constrained will be 

more efficient; given two otherwise identical farms that are both credit constrained, the one 

that has a larger volume of credit will be less efficient. These results support the agency cost 

and adjustment theories outlined above.  

 

Receiving support from INDAP increases the technical efficiency of specialised livestock 

farms. Recall that this effect was insignificant for specialised crop production. The 

implication is that the special efforts undertaken to support livestock production would have 

had an important impact. A surprising result is that farmers who report spending money on 

management training and services (Dmanage = 1) are significantly less efficient than those 

who do not.  
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Table 5: Stochastic production frontier results for specialised small livestock producers 

in Chile 

Explanatory variable 

 

 Estimated coefficient 

 

Robust standard error t-value 

Constant 0.120706 0.09003 1.34 

lnWC 0.515159 0.07797 6.61*** 

lnAV 0.848737 0.1260 6.74*** 

ShIL -0.186906 0.9893 -0.189 

0.5 * lnWC² 0.0862700 0.04604 1.87* 

0.5 * lnAV² 0.292464 0.1115 2.62*** 

0.5 * ShIL² 0.632623 2.038 0.310 

lnWC * lnAV 0.0491570 0.05583 0.881 

lnWC * ShIL  0.164866 0.07960 2.07** 

lnAV * ShIL -0.241431 0.2174 -1.11 

1n(v) -1.01001 0.07892 -12.8*** 

Constant 1.62014 0.9506 1.70* 

Age -0.0224766 0.01133 -1.98* 

Edu -0.0275811 0.02553 -1.08 

HS 0.0543054 0.1338 0.406 

Acc -0.0423551 0.03836 -1.10 

lnWC 0.394800 0.1762 2.24** 

lnAV 0.664256 0.2607 2.55** 

Dmanag 0.870980 0.2725 3.20*** 

Dindap -0.728415 0.2543 -2.86*** 

Dex 0.345449 0.2695 1.28 

Dvet -0.145365 0.2782 -0.523 

ShFI -2.09851 0.7935 -2.64*** 

Cred  0.236765 0.1147 2.06** 

Dcc -1.10540 0.3468 -3.19*** 

***, ** and * refer to significance at the 1%, 5% and 10% levels, respectively. 

Source: Own calculations 

 

5  Discussion and implications  
 

Using a parametric approach, we estimate stochastic production functions for 109 small 

specialised livestock and 342 small specialised crop producers in Chile. The results for crop 

producers indicate that credit volume has a positive impact on efficiency, supporting the free 

cash flow, credit evaluation, and embodied capital theories that have been proposed in the 

literature. In livestock production credit volume is found to have a negative impact on 

efficiency, supporting agency cost and adjustment theories. The relative scarcity of long-term 

credit may be precluding the long-term investments that are needed to improve technical 

efficiency in livestock production. They might also reflect longer gestation periods for 

investments in livestock production (e.g. genetic improvements) and possible temporary 
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reductions in efficiency that result while farmers are learning to implement new technologies. 

Additionally, we find that credit constrained farmers are less efficient in crop production and 

more efficient in livestock production. 

 

Participation in INDAP programs has no significant influence on the technical efficiency of 

crop production, but it does increase the efficiency of livestock production, suggesting that 

special support in the form of direct subsidies for improving grasslands and animal stocks has 

been effective. Of course, this does not necessarily imply that this support has been 

economically efficient. Extension services appear to be performing poorly, even reducing the 

technical efficiency of specialized small crop production. This result is disappointing because 

it suggests that the quality of the provided services is low, or that farms are not following the 

recommendations they receive. 
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