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ABSTRACT 
 

Dairy Industry is one of the most important and influential agricultural sector in New Zealand. 

Ensuring and enhancing the industry‟s productivity and efficiency represent a fundamental issue 

in New Zealand economic growth. September 2007, the NZ Labour Government proposed an 

Emission Trading Scheme as a way to comply with its Kyoto obligation, and it is the first 

country in the world that brings agricultural sector in. Given the emission intensive nature of 

dairy production, the industry is facing substantial increases in production costs and reduction in 

payout. The efficiency performance of dairy farming might also be affected as a result of 

changing farming practices. 

 

The overall objective of the thesis is to analyze the efficiency performance of NZ dairy farming, 

with implications regarding the climate change issue.  Stochastic frontier analysis is applied to a 

panel of NZ dairy farms in 1998/99-2006/07. The structures of the existing production 

technology, technological change over time, and difference between South Island and North 

Island dairy farming are investigated within this stochastic frontier framework. An input 

efficiency measure is defined and evaluated at the expected cost minimizing input bundle. If the 

efficiency performance for emission intensive inputs could be improved, dairy farms will 

decrease their emissions without loss of production or additional costs. This input efficiency 

measure therefore allows for the combination of a farm‟s environmental pressure with its 

economic performance. Finally, the likely impacts of the ETS on dairy industry are discussed 

through an analysis regarding the point of obligation issue, and an illustration of changing 

farming practices when fertilizer price goes up as a result of emission charges.   
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Chapter I: Introduction 

 

 

1.1 New Zealand Dairy Industry Background 

 

Different from other advanced economies, NZ is heavily dependent on pasture-based 

agriculture to generate export receipts. Nearly 56 percent of NZ‟s total merchandise export in 

the year 2009 came from agricultural and horticultural products, within which, the dairy 

sector alone accounted for 49 percent (MAF, 2011).  

 

The dairy industry is the single largest industry in the NZ economy. The dominant dairy 

processing company, Fonterra Co-operative Group Limited, operates in more than 140 

markets around the world, controls almost one-third of the international dairy trade and has 

annual revenue more than twice that of Telecom. The fact that the dairy industry is the 

cornerstone of the NZ economy and an important driving force for economic growth is 

undeniable.  

 

1.1.1 Dairy’s contributions to the economy 

According to the New Zealand Institute of Economic Research (2010), the dairy sector 

directly accounts for 2.8 percent of national GDP; this contribution is over a third of the GDP 

contribution of the entire primary sector and 40 percent larger than the entire utilities sector 

(i.e. electricity, gas and water).  On-farm employment is around 24,000-34,000 nationwide, 

with dairy processing providing another 10,000 jobs. In districts such as South Taranaki and 

Waimate, the dairy sector accounts for between 1 in 4 and 1 in 5 of the total number of jobs 

in the region. The indirect contribution from the dairy sector via interacting with the rest of 



2 

 

the economy includes contributions to performance in other sectors, to the national current 

account balance, to government‟s tax revenue, and to a vibrant rural economy. Of the $10.4 

billion of dairy products exported by Fonterra in 2009 ($7.5 billion is used to pay dairy 

farmers for the raw milk supply), $3.6 billion is spent on domestically produced on-farm 

intermediate inputs, such as fertilizer, feed and agricultural services, etc. and $625 million on 

intermediate inputs used at the processing stage, which include plastic containers, electricity 

and financial services. Performance of the dairy sector therefore heavily affects its supplying 

firms operating in other sectors. And without the growth of the dairy industry, NZ as a whole 

would face a higher current account deficit, which would increase the country‟s risk premium 

attached to foreign liabilities and hence borrowing costs on international market.  

 

1.1.2 Growth over the last decade 

Over the past 20 years or more, there has been a continuous expansion of NZ dairy industry. 

The total milksolids processed has increased from 599 million kilograms (kgs) in 1991 to 

1,513 million kgs in 2011. This is mainly driven by the increasing global demand and price 

of dairy commodities, the average NZ dairy company payout has been lifted from $3.62/kg 

milksolids to $7.89/kg, measured in constant dollars (Livestock Improvement Cooperation, 

2011).  

 

At the same time, the dairy industry also experienced a rather dramatic increase in 

productivity, average production per cow increased from around 270 kgs milksolids during 

1990s to over 310 kgs in the past decade. Average number of peak cows milked by each farm 

labour also increased from 83 to 144 between 1991-2010 (DairyNZ, 2011).  

 

This productivity gain is a result of more intensified farming systems. There were about 

14,685 dairy farms in NZ operating with 2.4 million cows back in 1991; the number of dairy 

farms reduced to 11,735 in 2011 but livestock number reached 4.5 million; the NZ average 

herd size therefore increased sharply from 164 to 386 (LIC, 2011).  

 

This expansion in dairy production is however not symmetric across regions. Statistics (LIC, 

1999-2011) shown that the total number of dairy farms in the North Island has reduced from 
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12,335 in 1999 to 8,947 in 2011 (27% reduction), whereas the number of dairy farms in the 

South Island has increased from 2,027 to 2,788 during the same period (38% increase). Those 

newly established South Island farms have an average herd size of 582 cows, which is 

considerably larger than the North Island average of 325 cows.  

 

1.2 Motivations 

 

Historically NZ dairy farming has held a position as the lowest cost, non-subsidized 

producers at the farm gate, competing with those who are subject to considerable 

governmental protections in other dairy producing countries (as shown in figure 1), 

government payments are only provided for pest control or relief against natural disasters. 

Recently, this position has been eroded as costs in NZ have increased and other countries 

have adopted lower cost systems (DairyNZ, 2009). This indicates a need to continually build 

competitiveness on productivity growth.  

 

Figure 1 2008 Total Agricultural Support by country 

 
Source: OECD Statistics 

0 

0.5 

1 

1.5 

2 

2.5 

3 

p
er

ce
n

ta
ge

 o
f G

D
P

 



4 

 

Productivity is a ratio of outputs to inputs. Technological advancement is one way to increase 

productivity and it has been the driving force behind NZ dairy sector‟s growth over the past 

two decades. But in the absence of continuous original scientific breakthrough, it is necessary 

to explore the room of alleviating the performance by more efficient use of resources under 

current production technology.  

 

And what have been accompanying with the past development of the dairy sector are the 

increasing environmental concerns for more intensified dairy farming. A major portion of 

past productivity gains is stimulated by improvements in energy-using mechanization, 

increasing utilization of commercial fertilizers and expanding use of irrigation water. The 

nature of dairy production today is energy and emission intensive, which is unlikely to 

change very soon taking into account every effort the industry and the government has made 

and is going to make in the foreseeable future. This underscores the fact that the dairy 

industry will be among those hit hardest by the NZ Emission Trading Scheme (ETS), which 

was passed into legislation in November 2009. According to the current ETS, the agricultural 

sector will take full responsibility for its emissions from 2015.  

 

Given the vital role the dairy industry plays in the NZ economy, the impact of the ETS should 

be carefully analyzed and a least cost way to comply with its share of the Kyoto obligation 

should be addressed. In practice, the economic impact on the dairy industry will come in two 

tranches (MAF, 2008). The first tranche started at 2010, when stationary energy and industry 

process emissions were brought into the scheme, followed by liquid fossil fuels. The dairy 

industry is facing significant increases in production costs and reduction in payout. The 

second tranche occurs in 2015 when methane emissions from livestock and nitrous oxide 

emissions from nitrogenous fertilizer enter the scheme. This brings efficient management of 

on-farm resources to the center of the focus, especially regarding those having potential 

environmental side effects.  

 

The impact on the dairy industry resulting from changes in relative input prices is not a 

straightforward accounting exercise. Farmers will respond by changing farm management 

practices, shifting away from relatively expensive inputs to those less expensive ones. 
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Without an understanding about current production technologies and without an approach 

taking into account the adaptability of dairy farming to new cost environment, the actual 

impact would be difficult to anticipate.  

 

1.3 Objectives and Scope 

 

The overall objective of the thesis is to contribute to the understanding of NZ dairy farming 

efficiency performance. The literature of NZ dairy farming efficiency is quite thin, and to 

date, there has been no analysis of the ETS impact that incorporates the likely changes in the 

dairy farming efficiencies and management structures. The specific empirical questions to be 

addressed are:  

 

1. Are North Island and South Island dairy farming sharing the same production 

technology?  

Given the climate, soil and development are different across these areas, the dairying 

technologies employed might differ. This is important because it determines whether or 

not the same benchmark should be used when doing performance evaluation for farms 

located in different regions.  

 

2. How productively efficient is NZ dairy farming and how to explain efficiency 

differences across farms? 

The answers would address: (1) the potential for NZ dairy farms to increase productivity 

and economic returns under current production technology; (2) the potential for NZ dairy 

farms to increase the performance of inputs having potential environmental side effects 

without jeopardizing productivity; and (3) ways to improve efficiency performance. 

 

And to model specific input efficiency, need to determine: 

3. How to define and compute input efficiency? 

A definition of input efficiency is not yet agreed upon in the literature.  

 



6 

 

4. To derive policy implications based on the results stemming from the study.  

Addressing the climate change challenge facing by the industry is particularly important 

at the moment, especially regarding the designation of the point of obligation under the 

ETS, and the potential impact of the input price changes on farming efficiencies and 

practices. 

 

Since identifying the structures of the current dairy farming technologies is also part of the 

research project together with efficiency performance evaluation, an approach which is 

capable of parameterizing the underlying technology is desired. The next chapter hence 

briefly summarizes the existing efficiency measurement methodologies. The third chapter 

examines the technological differences between major farming regions and compares the 

technical efficiency performance using a stochastic meta-frontier model. The fourth chapter 

investigates the cost efficiency performance of NZ dairy farms and define, quantify and 

evaluate input efficiency within a stochastic cost frontier framework. The fifth chapter then 

uses the empirical results to examine the implications of climate change policy for the NZ 

dairy industry. And the last chapter concludes the main findings and proposes future research 

areas. 
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Chapter II: Overview of Methodology  

 

 

2.1 Productivity and Efficiency Measurement Concepts 

 

The terms productivity and efficiency have been used as interchangeable concepts with each 

other by many, but they are not exactly the same thing. Productivity is a measure of the 

output to input ratio. When the production involves more than one input and/or output, 

methods that aggregate these inputs and outputs into a single index have to be used, such as 

the Fisher Index and the Tornqvist index. The resulting productivity measure is often referred 

as total factor productivity.  

 

Efficiency is a measure of comparing current performance with the best practice; the best 

practice is determined by the production technology. The proportional measurement of 

economic efficiency was first proposed by Farrell in 1957, where economic efficiency is 

defined as the product of technical efficiency (TE) and allocative efficiency (AE). TE refers 

to the ability of transforming physical inputs into outputs and can be measured from an 

output-oriented approach or an input-oriented approach.  AE refers to the ability to produce at 

least cost.  

 

From an output-oriented approach, TE is measured by comparing the observed output of a 

firm with the maximum output that can be produced under the current production technology 

using the same quantities of inputs. For instance, suppose that there is one input denoted by x 

on the horizontal axis, and one output denoted by y on the vertical axis. Figure 1 shows the 

production frontier )(xF  that describes the shape of the current production technology, i.e. 
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the maximal level of output attainable from each level of input. Technological change (TC) 

can be presented by a shift in the production frontier from )(xF  to )(xF  . 

 

Figure 1 Productivity, Technical Efficiency and Technological Change 

 

If the firm uses 0x  units of input and produces Ay  units of output, then it operates at point A, 

on the frontier, which means that this firm is fully technically efficient. But if the firm 

produces only By  units of output with 0x  units of input, it operates at point B, below the 

frontier, which indicates that the firm is technically inefficient. From an output-oriented 

approach, the TE is measured by the ratio 100 AB yy . Productivity of the firm operating at 

point B is measured by the slope of the ray passing the firm through the origin, i.e. Bx 00 0 .  

 

Therefore, efficiency is a relative concept, relative to the best performance defined by the 

production frontier, relative to others using the same technology. Productivity is an absolute 

concept, the measurement of which doesn‟t require the understanding of underlying 

production technology, but the growth does. Growth in productivity can result from technical 
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advancement, i.e. shifting up of the production frontier; adjusting the operating scale;
1
 and 

TE improvement, i.e. operates more close to the frontier. 

 

2.2 Efficiency Measurement Techniques 

 

Two major approaches have been developed for efficiency measurement: (1) mathematical 

programming (nonparametric), commonly known as Data Envelopment Analysis (DEA), and 

(2) econometric modeling (parametric). Both methods involve estimation of the “best practice 

frontier” for a specific industry based on a sample of producers. The efficiency of each 

producer in the sample is then measured relative to that frontier. Lovell (1993) provides an 

excellent introduction to this literature. Each methodology has its own distinct pros and cons, 

the decision of which should be used is case specific.  

 

2.2.1 Non-parametric DEA  

DEA involves the construction of a non-parametric piece-wise surface over the data using 

linear programming. This piece-wise-linear convex hull approach to frontier estimation was 

originally proposed by Farrell (1957) as illustrated in figure 2 by a unit isoquant, where firms 

use two inputs 1x  and 2x  to produce one output y .  

 

Boles (1966), Shephard (1970) and Afriat (1972) suggested mathematical programming 

methods that could achieve the task, but the method did not receive wide attention until the 

paper by Charnes et al. (1978), in which the term data envelopment analysis was first used. 

Since then a large number of paper have appeared, which have extended and applied the DEA 

methodology.  

 

 

 

                                                
1 The slope of the ray passing point A through the origin can be increased if the firm contracts its scale of 

operation to point C. 
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Figure 2 Farrell (1957)’s Unit Isoquant DEA Frontier  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Charnes et al. (1978) proposed a model that had an input orientation and assumed constant 

returns to scale (CRTS). Subsequent papers have considered alternative sets of assumptions, 

such as Färe et al. (1983) and Banker et al. (1984), in which variable returns to scale (VRTS) 

models are proposed. An illustration of computing the CRTS and VRTS frontiers with DEA 

is provided in figure 3, for production that involves only one output y and one input x. Scale 

efficiency can be obtained by taking the ratio of the TE measured relative to the CRTS 

frontier and TE measured relative to the VRTS frontier.  

 

Comprehensive treatments of the DEA methodology are available in Färe et al. (1985, 1994), 

Seiford and Thrall (1990), Ali and Seiford (1993), Lovell (1994), Charnes et al. (1995), 

Seiford (1996), Cooper et al. (2000) and Thanassoulis (2001).  

 

Due to its non-parametric nature, the DEA method is computationally simple and has the 

advantage that it can be implemented without knowing the algebraic form of the relationship 

between outputs and inputs (Coelli et al. 2005, p.209).  This methodology has been 

0 yx1  

yx2  

Frontier 
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frequently applied in measuring the efficiency performance of banking, education and health 

sectors, where random factors are less of a concern in affecting the relative performance.  

 

Figure 3 CRTS and VRTS DEA Frontiers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.2 Parametric frontiers 

In contrast, the econometric modeling to efficiency analysis requires an explicit assumption 

regarding the specific form of the underlying production function (such as linear, quadratic, 

Cobb-Douglas, translog and generalized Leontief) and can be categorized into either 

deterministic frontier analysis or stochastic frontier analysis (SFA). The associated 

technological parameters to be estimated in parametric frontiers provide more information on 

the structure of the underlying production technology. 

 

For deterministic frontier analysis, the basic model can be expressed in a production frontier 

context as: 

y = f (x; β) · exp{-u}                (1) 

0 x 

y 

VRTS Frontier 

CRTS Frontier 
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where: y is a scalar output;  f(.) is a specific production functional form; x is a vector of 

inputs, and β is a vector of technology parameters to be estimated, which describes the shape 

of the production frontier. exp{-u} ≤ 1 is the output-oriented TE with the  u ≥ 0 restriction. 

 

Aigner and Chu (1968) showed that technological parameters for a Cobb-Douglas 

deterministic production frontier can be calculated using goal programming.
2
 Winsten (1957) 

suggested Corrected Ordinary Least Squares (COLS) to estimate deterministic frontiers.
3
 

Afriat (1972) and Richmond (1974) proposed Modified Ordinary Least Squares (MOLS) as 

the estimation strategy.
4
 Whatever estimation methodology is used, a serious deficiency of 

the deterministic frontier approach is that it attributes all deviations from the frontier to 

inefficiency, as does DEA. 

 

Stochastic Frontier Analysis (SFA), on the other hand, uses a symmetric error component to 

capture random shocks and statistical noise which are outside the producer‟s control, such as 

weather, natural disasters, and measurement error. Given the existence and significance of 

random effects in agricultural production, SFA is considered to be a more suitable approach 

relative to others in measuring the efficiency performance of dairy farms. The following 

sections give a short introduction to this methodology. Since the intention is not to duplicate 

the excellent work done by others in this field, they will be kept as brief as possible. 

 

                                                
2 The goal is to calculate a parameter vector  for which the sum of u (or u2) across producers is minimized 

subject to the constraint that u ≥ 0. The problem is that the parameters are calculated rather than estimated, 

which complicates statistical inference concerning the calculated parameter values.  

 
3 COLS involves 2 steps. In the first step, OLS is used to obtain consistent and unbiased estimates of the slope 

parameters and a consistent but biased estimate of the intercept parameter. In the second step, the biased OLS 

intercept is shifted up to ensure that the estimated frontier bounds the data from the above. But the COLS 

frontier does not necessarily bound the data from the above as closely as possible, since it is required to be 

parallel to the OLS regression.  

 
4 The difference from COLS is that u is assumed to follow an explicit one-sided distribution, such as half-

normal or exponential. The biased OLS intercept is shifted up by the mean of the assumed one-sided distribution. 

And in spite of the same problem as COLS, there is no guarantee that the modification of OLS shifts the 

estimated intercept up by enough to ensure all producers are bounded from above by the estimated production 

frontier.  
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2.3 Origins of Stochastic Frontier Analysis 

 

The development of SFA can be traced back to the two papers published by Aigner et al. 

(1977) and Meeusen and van den Broeck (1977). According to Kumbhakar and Lovell (2000, 

p.8), both papers were three years in making and both appeared shortly before a third SFA 

paper by Battese and Corra (1977).  

 

All of the three original SFA models were developed in a production frontier context and 

were primarily applied to cross-sectional analysis. The basic model is similar to equation (1) 

with the addition of a systematic error term: 

y = f (x; β) · exp{v-u}                (2) 

Effects (both negative and positive) that are beyond the control of producers are captured by 

the error term v which is normally assumed to be independently and identically distributed 

across producers with zero mean and constant variance 2

v . 

 

The nonnegative error term, u ≥ 0, is assumed to capture the effects of non-stochastic 

technical inefficiency. If a producer is technically efficient (i.e. u = 0), then it operates on its 

stochastic frontier, viz. f(x; β) · exp{v}; if a producer is technically inefficient (i.e. u > 0, and 

0 < exp{-u} < 1), then it operates beneath its stochastic frontier.  

 

This stochastic frontier f(x; β) · exp{v} defines the producer‟s maximum feasible output given 

inputs x and available technology in the presence of random shocks. The TE of the producer 

is therefore expressed as:  

 

TE = 
}exp{);( vxf

y


 = 

}exp{);(

}exp{);(

vxf

uvxf








 = exp {-u}             (3) 

 

The idea of SFA is illustrated in figure 4, using the one output and one input example. The 

distance from the observed output to the frontier output is partly due to inefficient production, 

and partly due to the negative random shocks experienced by the producer. It is possible for a 
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producer to operate above the deterministic production frontier if he/she experiences positive 

random shocks that are larger in magnitude than the inefficiency effect.  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

Figure 4 Graphical Representation of Stochastic Production Frontier 

 

 

To estimate the parameters of the stochastic production frontier (SPF) using cross-sectional 

data, explicit assumptions on the distributions of the inefficiency error term u need to be 

imposed. Meeusen and van den Broeck (1977) assigned an exponential distribution to u, 

Battese and Corra (1977) assigned a half normal distribution to u, and Aigner et al. (1977) 

considered both. More flexible distributional assumptions are developed by: Greene (1980a, 

b) – gamma distribution; and Stevenson (1980) – gamma and truncated normal distribution. 

Greene (1990) suggests that neither the efficiency rankings nor the composition of the top 

and bottom efficiency deciles is sensitive to the distributional assumptions imposed.  

 

With information on inputs and output, and under the assumptions that v  and u  are 

distributed independently of each other and of the regressors, the parameters of the SPF can 

be estimated using the maximum likelihood (ML) method, or using a method of moments 
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approach as discussed by Greene (1993, 1997), Harris (1992), Olson et al. (1980) and 

Kumbhakar & Lovell (2000, p.90-93). The ML estimator is asymptotically more efficient, but 

the method of moments approach is not as computationally demanding as the ML method, 

which requires numerical maximization of the likelihood function. This distinction, however, 

has lessened with the availability of computer software, such as the LIMDEP econometrics 

package (Greene, 1992) and the FRONTIER program (Coelli, 1992; 1996a), both of which 

automate the ML method for estimation of the parameters of stochastic frontier models.  

 

And to obtain the producer specific technical inefficiency estimates, Jondrow et al. (1982) 

proposed that either the mean or the mode of the conditional distribution [ui |vi-ui] could be 

used, where Ni ,,2,1  denotes producers. Battese and Coelli (1988) proposed an 

alternative producer specific technical efficiency estimate, E[exp{-ui} |vi-ui], which is more 

preferred to Jondrow et al. (1982) given its consistency with the definition of technical 

efficiency, particularly when ui is not close to zero (Kumbhakar & Lovell, 2000, p.78).
5
  

 

2.4 Developments of Stochastic Frontier Analysis 

 

Although originally designed for estimating a production frontier and primarily applied for 

cross-sectional data, the SFA was quickly developed to estimate cost frontiers, revenue 

frontiers and profit frontiers, provided certain behavioral assumptions are satisfied, and 

extended to include panel data. The basic stochastic cost, revenue and profit frontiers can be 

expressed as: 

C = f (y, w; β) · exp{v+u}                (4) 

R = f (x, p; β) · exp{v-u}                 (5) 

π = f (p, w; β) · exp{v-u}                (6) 

                                                
5 Regardless of which method is used, however, the estimates of technical efficiency are inconsistent because 

the variation associated with the distribution of [ui |vi-ui] is independent of i  (the variance associated with the 

distribution of [ui |vi-ui] is 22

22

vu

vu








). 
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where: C represents observed production expenditure; R represents revenue and π represents 

profit; w is an input price vector; p is an output price vector; and β is a vector of parameters 

to be estimated. These stochastic frontiers can accommodate multiple-output production 

technology as output(s) information is included on the right hand side as the regressor(s).
6
  

 

But no matter which frontier one is looking at, with cross-sectional data, only a snapshot of 

producers and their efficiency is available. The ML estimation technique can be applied to 

panel data in the same way as to cross-sectional data under the assumption that the noise 

component v and the inefficiency error term u are distributed independently of each other, 

and of the regresors. Panel data methods, viz. fixed-effects and random-effects models, are 

also applied to SFA by Schmidt and Sickles (1984) among others. Repeated observations on 

a sample of producers provide more reliable evidence on their performance, because it is 

possible to track the performance of each producer through a sequence of time periods. Panel 

data can also serve as a substitute for the strong distributional assumptions, as well as the 

independence assumption between u and the regressors (Ahmad and Bravo-Ureta, 1996). 

When the panel is long in terms of time periods, Cornwell et al. (1990), Kumbhakar (1990), 

and Battese and Coelli (1992) relaxed the assumption of time-invariant efficiency, which then 

stimulated a great deal of interest in seeking the determinants of efficiency variation.  

 

The intuition behind the various techniques developed in the stochastic frontier literature 

along with their wide empirical applications can be found in surveys conducted by Schmidt 

(1985-1986), Bauer (1990), Battese (1992), Bravo-Ureta and Pinheiro (1993), Greene (1993, 

1997), Coelli (1995), Cornwell and Schmidt (1996) and Cuesta (2000), and books edited by 

Coelli et al. (2005) and Kumbhakar and Lovell (2000) which target the readers from different 

perspectives and levels. Coelli et al. (2005) provides a broad coverage to the entire 

productivity and efficiency measurement field, whereas Kumbhakar and Lovell (2000) 

specifically dedicated to stochastic frontier methodology.  

                                                
6 Recently developed stochastic distance functions (Coelli and Perelman, 2000; Coelli et al. 2005; O‟Donnell 

and Coelli, 2005) can be used to estimate the structures of multiple-output production technologies in cases 

where it is not applicable to estimate any of the three frontiers.  
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Battese (1992) and  Bravo-Ureta and Pinheiro (1993) review that SFA has been frequently 

applied in the agricultural sector since 1980s, especially the rice industry in developing 

countries and the dairy industry in many developed countries, such as Australia, Canada, 

United States, and England. But the applications in NZ are relatively limited. Bravo-Ureta et 

al. (2007) contains a comprehensive list of empirical studies investigated the technical 

efficiency performance of the farming sector since late 1980s.   
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Chapter III: Technical Efficiency and Technological Gap of New 
Zealand Dairy Farms: A Stochastic Meta-Frontier Model 

 

 

Abstract 
 

Given the different climate, soil and farming history between North and South Islands of 

New Zealand, it is questionable whether these two regions share the same dairy farming 

technology. The objective of this paper is to explicitly test this hypothesis using Cobb-

Douglas stochastic production frontiers with technical inefficiency as modelled in Battese 

and Coelli (1995). An unbalanced panel consisting of 1,294 dairy farms for the 1999-2007 

periods was used in the analysis. Results show that production in both regions exhibit 

decreasing returns to scale but the technologies are not the same. Labour and electricity are 

relatively more important in North Island dairying whose technological change effect is 

found to be non-linear and decreasing with time. South Island dairying relies more heavily on 

capital and fertilizer. A meta-frontier model proposed by Battese et al. (2004) and O‟Donnell 

et al. (2008) is therefore used to calculate the technological gap and compare the technical 

efficiency performance across North and South Island. To our best knowledge, this is the first 

analysis of regional production technology differences under the Meta-Frontier framework. 

Our approach is essentially empirically, but it is carried out in the context of the existing 

theoretical literature. 

 

Key words: NZ dairy farming, meta-frontier, stochastic production frontier, regional 

technological gap. 
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3.1 Introduction 
 

 

World demand for dairy products has risen by 15% from 2003 to 2008 and was forecast to 

further increase 10% by 2012 (Asia Food Journal, 2008). The increase was driven by a 

number of economic factors such as growing population and prosperity leading to greater 

demand; rising costs and climate change causing supply instability. 

   

New Zealand is a world leader in producing and exporting dairy products. NZ dairy farming 

is well known for its low cost, high quality pasture-based production systems and high levels 

of technological expertise in the areas of breeding, pasture management, animal health and 

overall farm management. But to keep pace with increasing global demand and maintaining a 

competitive edge among those often heavily subsidized dairy producers in other developed 

countries, productivity growth continues to be an important policy objective.  

 

As is well established in the literature, growth in productivity can result from technical 

advancement, i.e. shifting up of the production frontier; adjusting the operating scale; and 

improvement in technical efficiency (TE), i.e. operates more close to the frontier, (Coelli et al. 

2005). In the face of the NZ climate change legislation which is driving up dairy production 

costs, the efficient use of resources becomes a more prevalent objective than ever before.   

 

New Zealand dairy farming efficiency literature 
 

Several studies have investigated NZ dairy farm efficiency performance: Jaforullah & Devlin 

(1996), Jaforullah & Whiteman (1999), Jaforullah & Premachandra (2003), Jiang & Sharp 

(2008) and Rouse et al. (2009). A summary is provided in Appendix A.  

 

Among the above five studies, Jaforullah & Devlin (1996) and Jiang & Sharp (2008) applied 

stochastic frontier analysis (SFA), where TE is measured in terms of output-orientation, i.e. 

the ratio of the actual amount of output a farm produced to the maximum amount of output it 

could produce given the inputs used and current technology. Jaforullah & Whiteman (1999) 

and Rouse et al. (2009) specifically adopted the data envelopment analysis (DEA), and their 
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resulting efficiency estimates were based on an input-orientation, which is the ratio between 

the minimum amount of inputs a farm should use given the quantity of output it produced, 

and the actual amount of inputs it used.  

 

Jaforullah & Whiteman (1999) utilized DEA for a sample of 264 NZ dairy farms observed in 

the 1991/92 season. The same dataset was used by Jaforullah & Devlin (1996) and Jaforullah 

& Premachandra (2003). In their DEA analysis, three outputs, milk-fat, milk-protein, and 

milksolids were considered, instead of only one, such as total milk revenue in Jaforullah‟s 

other two studies that will be discussed latter or milksolids in Jiang & Sharp (2008) and 

Rouse et al. (2009). Constant returns to scale (CRTS) and variable returns to scale (VRTS) 

were imposed, the ratio of TE estimates under CRTS to the one under VRTS gave the 

resulting scale efficiency (SE) estimates. They found that the average pure technical and scale 

efficiency were 89% and 94% respectively. A reduction of up to 11% in all the inputs was 

achievable if the inefficient farms in the sample emulated the management practices of their 

efficient bench-marking peer farms. A further reduction of 6% in inputs use was attainable 

when all the farms operated at their optimal scale. Fifty-three percent of the sampled farms 

were smaller than their most productive scale size (i.e. sub-optimal scale), 28% were larger 

than their optimal scale (i.e. supra-optimal). Hence the conclusion supported a policy of 

encouraging the trend toward larger farm size which has occurred in NZ since late 1980s.  

 

Rouse et al. (2009) applied similar DEA to a sample of 120 North Island dairy farms for the 

2004/05 season, 89 in Waikato and 31 in Taranaki, both dairy-based farming regions. The 

resulting average TE and SE was estimated to be 91% and 95% respectively, with the optimal 

herd size of being 275. Waikato farms were found to be larger, and more efficient than those 

in Taranaki. Rouse et al. (2009) also used ordinary least squares (OLS) to regress the TE 

estimates obtained in DEA on a number of farm-specific characteristics, such as altitude, 

rainfall, fertiliser, debt-ratio, herd size etc. in order to access the impact of these factors on 

farm efficiency. The dependent variable in this second-stage regression, i.e. the TE estimates, 

is bounded between 0 and 1, therefore other econometric methodologies, such as probit or 

logit models, should have been considered instead of OLS.  
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Using the same dataset as Jaforullah & Whiteman (1999), Jaforullah & Premachandra (2003) 

compared the TE estimates between three estimation methods, namely, corrected ordinary 

least squares (COLS), SFA and DEA.
7
 Results indicated that TE estimates were sensitive to 

the choice of methodology. Under VRTS, the mean efficiency score was lowest with COLS 

(56.9%), and highest in DEA (86%), the SFA result (85.5%) was slightly below the DEA; 

whereas under CRTS, COLS still gave the lowest average efficiency (57%), followed by 

DEA (80.7%), and SFA (85.3%). The differences between the mean efficiency estimates 

were found to be significant between estimation methods using normality, ANOVA and 

Kruskal-Wallis tests.
8
 The variability of individual farm TE estimates was greater when using 

DEA than the other two. Spearman rank-order correlation was calculated between the 3 

models, the SFA TE estimates had a high correlation coefficient score (0.99) with the COLS 

TE estimates, indicating the TE rankings were nearly the same between the parametric 

methodologies. The result was less satisfactory for non parametric DEA and parametric 

methods, the correlation coefficients were in the range of 0.56 and 0.75.   

 

Regarding the choice of the best approach for efficiency analysis, neither method is without 

its limitations and one needs to consider the strengths and weaknesses of each, the type of 

industry being studied, the data at hand and the research objective when choosing the 

appropriate estimation modelling.  

 

Parametric methods, such as COLS and SFA, require a specific functional form regarding the 

relationship between inputs and output(s) to be assumed to represent the basic structure of the 

underlying production technology. DEA, on the other hand, is a non-parametric linear 

programming methodology, which can be implemented without knowing the algebraic form 

of the relationship between output(s) and inputs. However, SFA has the advantage of 

allowing part of the deviation from the frontier to be caused by out-of-control random factors, 

e.g. omitted variables, measurement error, weather, machine breakdown, and disease etc., and 

                                                
7 The comparison was based on a Cobb-Douglas (CD) production function for the two parametric approaches. 
 
8 The normality test requires the underlying population, i.e. the individual farm TE, to be normally distributed, 

which may be violated given the TE is bounded between 0 and 1, and definitely violated in SFA, when a non-

normal distributional assumption is explicitly imposed.  The ANOVA test requires the population variances to 

be equal in the three models. Only the Kruskal-Wallis test does not require any of these assumptions.  
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the other part caused by technical inefficiency, which is under the control of farm 

management, though a specific distributional assumption on the technical inefficiency has to 

be explicitly imposed prior to estimation of the stochastic frontier. COLS and DEA attribute 

all movement away from the best practice to technical inefficiency, leaving no room for 

random effects.   

 

Given the nature of dairy production, SFA has been the most frequently adopted 

methodology in measuring farm efficiency performance as evidenced in literature reviews 

and empirical surveys conducted by Battese (1992), Coelli (1995), and Bravo-Ureta et al. 

(2007). A summary of oversee dairy farming efficiency studies in the past 25 years using 

SFA is provided in Appendix B. 

 

Jaforullah & Devlin (1996) applied stochastic production frontier (SPF) analysis to the same 

sample of 264 NZ dairy farms used by Jaforullah & Whiteman (1999). There was no 

indication which region(s) the sample was from. Robustness of the estimation results with 

respect to the distributional assumptions imposed on the inefficiency error term was tested, 

and they concluded the frontier estimates were robust to the distributional assumptions, but 

the TE estimates were not. This later result could be sample specific, as Jiang & Sharp (2008) 

found both the frontier estimates and the resulting TE estimates were robust to the 

distributional assumptions, using a sample of 150 NZ dairy farms for the 2004/05 season. 

None of the above studies modeled technical inefficiency; they all assumed this one-sided 

error term follows a specific identical distribution.
9
 The effects of simultaneous-equation bias, 

which might be present in the stochastic frontier model where explicit farm effects are 

excluded, might move the function coefficients towards CRTS (Hoch, 1958, 1962). Indeed, 

both the above studies which adopted translog (TL) as the final production functional form 

found that NZ dairy farming exhibited CRTS.    

 

No evidence was found that a significant relationship existed between farm size and TE in 

Jaforullah & Devlin (1996), although an increasing trend in average farm size was observed. 

                                                
9 The distributional assumptions imposed on technical inefficiency term in these two papers include half normal, 

truncated normal, exponential and the two parameters gamma. 
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They mentioned two potential factors might contribute to this trend. First, the involvement of 

large, publicly listed companies in dairy farm ownership, mainly in the South Island (such as 

Tasman Agriculture and Applefields) since the 1990s. Farms operated by this group tend to 

be substantially larger than the average NZ dairy farm. Second, the conversion of sheep and 

beef farms, predominantly in the lower South Island, to dairy farms, was initiated in the 

Southland region by corporate companies in the late 1980s as a means of rapidly achieving 

substantial land holdings in the dairy industry. Nonetheless by incorporating a regional 

dummy into the SPF, Jiang and Sharp (2008) found South Island dairy farms appeared to 

have slightly higher TE levels than those located in the North Island.  

 

The question of whether the recently developed South Island dairy farms share the same 

production technology with traditional North Island farms arises and cannot be answered by 

previous SFA studies, which were based on a pooled sample that assumed the underlying 

technology is the same between regions. If the production technology is indeed different, then 

using a single stochastic frontier for both regions will produce biased estimates. In addition, 

TC over time has never been modeled as these past studies were all based on farm-level 

cross-sectional data. 

 

The objective of the paper is to test explicitly the null hypothesis that North and South Island 

dairy farms share the same technology using a stochastic production frontier technical 

inefficiency effects model and to assess the impacts of measuring and comparing TE based on 

a meta-frontier (MF) approach. With the availability of panel data, the modelling of TC can 

be incorporated into the SPF. Both the technical inefficiency effects model and the MF model 

have not previously been used in the NZ context. This study therefore contributes to the NZ 

dairy farming productivity and efficiency literature in the sense that it formally investigates 

TC and regional production system differences for the first time and models the on-farm 

technical inefficiency within a simultaneous SPF framework.  

 

The rest of the paper is organized as follows: Section 2 details the specification of the SPF 

technical inefficiency effects model and the MF methodology. Section 3 describes the data 

and the empirical models, including the variables employed and the functional form. A 
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discussion of the results follows in section 4. Finally, the principle conclusions are drawn 

along with their policy implications in section 5.  

 

3.2 Methodological Framework 
 

 

In order to see whether or not the production technology is the same between North and 

South Island, three SPFs need to be estimated, two SPFs for each region using a sample of 

dairy farms from that region and one SPF for pooled sample farms under the assumption that 

farmers maximize profits with respect to anticipated output.
10

 The SPF takes the following 

form: 

)1(,,2,1,,2,1}exp{);( TtNiuvXfy itititit     

where: ity  denotes the observed output produced by dairy farm i  at year t ; itX  denotes the 

1K  vector of inputs and other explanatory variables associated with that farm and   

represents the 1K unknown parameters to be estimated, which is common for all farms 

using the same production technology. The specific mathematical production function form, 

i.e. )(f , can be CD, TL etc.  

 

The composite error term consists of the standard noise component itv  which is, as usual, 

assumed to be independently and identically distributed normal random variable with mean 

zero and constant variance, i.e. ),0(~ 2

vNiid  . The itu  is the one-sided, non-negative random 

variable associated with technical inefficiency, which is assumed, according to Battese and 

Coelli (1995), to be independently distributed such that  

)2(),'(~ 2

uitit ZNu   

                                                
10 Given this assumption, the simultaneous-equation bias often associated single-equation production models is 

avoided (Zellner et al. 1966).  
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where: 
itZ  is a 1Q  vector of explanatory variables that may influence on-farm efficiency 

performance;  is the associated vector of parameters to be estimated. Thus, the inefficiency 

effects in the frontier model have distributions that vary with itZ  so they are no longer 

identically distributed across farms and over time. If 1itZ for all t  and 02  Q , 

this model collapses to the truncated normal stochastic frontier model with constant mode 1 , 

which in turn collapses to the half normal stochastic frontier model with zero mode if 01  . 

Each of these restrictions is testable.  

 

Simultaneous estimation of the parameters in equation (1) and equation (2), i.e. in the SPF 

and technical inefficiency effects model, can be obtained using the maximum likelihood (ML) 

method, under the assumptions that itv  and itu  are distributed independently of each other 

and of the regressors. The resulting farm specific TE relative to its own regional SPF is 

predicted as proposed in Battese & Coelli (1988):
11
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When the regional frontiers and farm specific TE have been estimated, the hypothesis that 

South and North Island farms share the same technology can be tested by a likelihood ratio 

(LR) test. If the null hypothesis that the stochastic frontier for the pooled data is rejected in 

favor of the separate regional frontiers, then the data should not be pooled, and North Island 

dairy farms‟ TE performance predicted as above are not comparable with those located in the 

South Island, in which case a MF is the appropriate framework to estimate and compare TE 

across groups.  

 

The meta-production function was first introduced by Hayami (1969) and Hayami & Ruttan 

(1970; 1971, p.82) as the envelope of commonly conceived neoclassical production functions. 

Battese & Prasada Rao (2002) operationalised the standard meta-production function 

                                                
11 One should be aware that TE is a relative concept. The actual output produced by a given farm in a specific 

region at period t is evaluated using the stochastic production frontier under which it is predicted, therefore, only 

comparable to other farms using the same production technology.  
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approach in a SPF framework and Battese et al. (2004) further refined this approach to make 

sure the MF envelop the separate SPFs for the different groups involved. O‟Donnell et al. 

(2008) then developed the formal MF theoretical framework in terms of output sets and 

output distance functions. And Moreira and Bravo-Ureta (2010) applied the parametric 

stochastic MF model to compare the TE of dairy farms in three South American countries, 

viz. Argentina, Chile and Uruguay. 

 

In a SPF context, the MF production function presents the potential technology available to 

the industry as a whole and is defined by Battese et al. (2004) as an overarching function of a 

given mathematical form that encompasses the deterministic components of the stochastic 

frontier production functions for the farms that operate under the different technologies 

involved. The MF production function can be expressed as  

)4();(   itit Xfy  

where * denotes the vector of parameters for the MF production function such that 
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In other words, it is a deterministic parametric frontier of specified functional form such that 

the predicted value for the MF is larger than or equal to the predicted value from the 

stochastic frontiers for all farms, regions, and time periods. It should be noted that the MF is 

assumed to be a smooth function and not a segmented envelope of the stochastic frontier 

functions for the different regions. An illustration is provided in figure 1.  
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The observed output for farm i  in region j  at year t  can now be expressed as 

 

 

)6()exp();(
);(

);(
)exp( j

it

j

itj

it

jj

itj

it

j

it vXf
Xf

Xf
uy 


 




 

 

 

The first term on the right-hand side is the TE relative to the j-th regional stochastic frontier. 

The second term is called the technology gap ratio (TGR) by Battese & Prasada Rao (2002) 

and metatechnology ratio by O‟Donnell et al. (2008) and is defined as the difference in the 

technology for a specific region, according to currently available technology for farms in that 

region relative to the technology available in the whole industry. The TGR has values 

between zero and one because of equation (5). The last term represents the MF output, 

adjusted for the corresponding random error.  

 

The technical efficiency of the i-th farm in region j  at year t  relative to the MF, denoted by 

j

itTE  , is the ratio of the observed output to the stochastic MF output, and it is the product of 

TE with reference to the regional SPF and the TGR:  
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Figure 1 illustrates j

iTE , j

iTE   and j

iTGR  in a one-output, one-input, two dimensional space, 

assuming that point A is an observation for the i-th farm in the North Island.  

  

Regional frontier output 

MF output 
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Figure 1: Graphical Representation of the Meta-Frontier 

 

 

 

To estimate the coefficients of the MF, i.e. the s , the objective function to be minimized is 

the sum of the logarithmic radial distance between the MF and the j-th regional frontier 

evaluated at the observed input vector for a farm. The respective linear programming problem 

to be solved can be written as: 
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where ĵ  is the vector of estimated coefficients for the regional stochastic frontier.
12

  

 

                                                
12 The minimization linear programming problem assigns the same weight for all the radial distances (between 

the MF and the group frontiers) for all the observations in the sample.  
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Since the ĵ  and the input vectors are assumed to be fixed for the above problem, the linear 

programming problem equivalent to equation (8) can be specified if the function );( *j

itXf  

is log-linear in the parameters:  

jj

it

j

it XXts

XMin
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where X is the arithmetic average of the itX - vectors for all observations in the data set. 

 

The application of the MF framework was also extended to non-parametric DEA by 

O‟Donnell et al. (2008).  

 

3.3 Data and Empirical Models 
 

 

The data for this study were provided by DairyNZ, the single industry good body, formed in 

November 2007 after the merge of Dairy InSight and Dexcel. DairyNZ owns and manages 

DairyBase® on behalf of the dairy farmers of New Zealand, which is a web-based package 

for recording and reporting standardized dairy farm business information – both physical and 

financial. DairyBase® is available to all levy-paying New Zealand dairy farmers, 

participation is voluntary and therefore contains farms with above average performance 

(DairyNZ, 2008).  

 

This study used a sample of 1,294 owner-operator dairy farms between the 1998/99 season 

and the 2006/07 season, within which, 1,042 farms are located in the North Island and 252 

are located in the South Island.  The number of observations available per farm varies from a 

low of one and a high of six. The total number of observations in each year is summarized in 

table 1 below together with the actual proportion of South Island dairy farms, obtained from 

NZ Livestock Improvement Corporation (LIC) Dairy Statistics. As can be seen, South Island 

dairy farms are underrepresented before the 2005/06 season and overrepresented in the last 



37 

 

two sample periods. Overall, around 17% of the sampled farms are in the South Island, which 

is very close to the average figures in the LIC Dairy Statistics.  

Table 1: Number of Observations by Year 

Observations 1999 2000 2001 2002 2003 2004 2005 2006 2007 Total 

             

Pool 216 208 268 211 208 223 218 202 318 2072 

North 197 182 232 178 178 191 183 144 232 1717 

South 19 26 36 33 30 32 35 58 86 355 

             
Sample South % 8.8% 12.5% 13.4% 15.6% 14.4% 14.4% 16.1% 28.7% 27.0% 17.1% 

           

Actual South %  14.1% 15.1% 15.2% 16.5% 17.3% 17.9% 18.4% 19.1% 19.7% 17.0% 

 
 

Figure 2 compares the sample annual average kgs of milksolids per cow with the actual 

annual averages reported by LIC. As suspected, the sample consists of farms with production 

performance above the average, but there is no big difference in the direction and magnitude 

of the bias between regions. 

 

 

Figure 2: Annual Average Milksolids (kgs) per cow  
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3.3.1 The variables 
 

As one can imagine, dairy production, due to its specific nature, is very complex compared to 

standard manufactured goods. Dairy production requires a variety of essential and 

nonessential inputs, and in addition to selling milk, a dairy farmer can also derive revenue 

from selling livestock and feed. There is no consensus on how one should measure output(s) 

and inputs, which inputs should be included in the production function and which should be 

eliminated, and what are the factors that determine the performance. As a result, judgement 

on the relevant variables hinges on a combination of dairy production knowledge, review of 

past literature, a balancing between reality and simplicity, as well as compromises on data 

availability.
13

 

 

Upon examination of the variables at hand and in consultation with DairyNZ, milksolids in 

kilograms (kgs) was retained as the measure of output. Milksolids are what farmers get paid 

for in NZ, and for this sample, on average, 91% gross farm revenue is derived from milk 

sales. Therefore, this sample of dairy farms can be seen as highly specialized in the 

production of milksolids. Inputs that are deemed to be necessary include livestock, labour, 

capital, veterinary services, feed, fertilizer and electricity:  

 

 Livestock is measured by the number of peak cows milked at any time during the 

year;  

 Labour is measured in working hours, which derived from multiplying the number of 

full time equivalent (FTE) labour units by 2,400 working hours in a year; 

 Capital is measured by the closing book value of dairy operating assets, which 

includes: land and buildings; plant, machinery and vehicles (include the dairy shed 

and irrigation system); livestock; investments (i.e. farming shares); current assets (e.g. 

cash at hand); and other fixed assets; 

 Veterinary services are measured by expenses on animal health, breeding and herd 

improvement; 

                                                
13 For a list of variables used in similar studies, refer to Appendix A and Appendix B.  
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 Feed is measured by expenditure on supplements, total grazing, run-off lease, pasture 

renovation plus feed inventory adjustments and run-off lease adjustments;
14

  

 Fertilizer and electricity are measured by total expenditure on each, and for farms 

with irrigation, irrigation expenses are included in electricity.  

 

Since all the inputs, except labour, are measured in value terms, technical efficiency is 

conflated here with allocative efficiency (Hadley, 2006). The value of one is assigned for 

zero observations.
15

 The expenses on veterinary services, feed, fertilizer and electricity were 

deflated using the relevant farm expenses price index published by StatisticsNZ every quarter, 

so they are measured in 1998/99 constant dollars.  

 

Motivated by Mbaga et al. (2003) and Saha and Jain (2004), all inputs and output were 

divided by the number of peak cows milked and are therefore measured in per cow terms. 

There are a number of reasons for doing this. Firstly it reduces the severe multicollinearity 

problem one usually encounters in this type of studies. Secondly it is more logical when 

considering a dairy production in this way because a dairy herd acts more like the platform of 

diary production, various inputs directly and indirectly go into cows.
16

  

 

Other farm specific factors in the sample dataset that can potentially impact individual farm 

efficiency performance include the following listed below, among others, studies adopted 

similar specifications include Reinhard and Thijssen (2000), Brummer and Loy (2000), 

Kompas and Che (2006), Hadley (2006) and Abdulai and Tietje (2007): 

                                                
14 Supplements include supplements made on-farm, purchased and cropped. Feed inventory adjustment is only 

available for 2005/06 and 2006/07. 

 
15 Four farms in the sample have zero value observations for electricity expenses, 2 farms have zero 

observations for feed expenses, and 33 have zero observations for fertilizer expenditure. Given the “zero cases” 

are not a significant proportion of the total number of sample observations, we assume they happened mainly 

due to “data entry error” rather than these farms having different output elasticities with respect to those inputs 
as considered in Battese (1997).  

 
16 This is equivalent to imposing constant returns to scale on an aggregate production function with the number 

of cows on the right hand side as an input.   
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 Farm size – equals to 0 if the herd size is no more than 200; 1 if the herd size is 

between 200 and 300; and 2 if no less than 300;
17

 

 Shed technology - equals to 1 if Herringbone; 2 if Rotary; and 0 otherwise; 

 Intensity - measured by the number of peak cows milked per hectare;  

 Irrigation - equals to 0 if the farm is not irrigated; 1 if less than 30% of the farming 

area is under irrigation; 2 if more than 30% is irrigated.
18

 

 

3.3.2 Descriptive statistics 
 

Table 2 gives the descriptive statistics of the variables employed in aggregate terms. As can 

be seen from the means, standard deviations and ranges, there are considerable differences 

among North and South farms.  

 

The average South Island dairy farm has 399 dairy cattle milked in a year between 1999 and 

2007, ranging from 55 to 1650; whereas in the North Island, the average number of peak 

cows milked in a season is only 248, ranging from 43 to 1510. Accordingly, South Island 

dairy farms employ more labour, more assets, spend more money on veterinary services, feed, 

fertilizer and electricity on average.  

 

The same pattern is observed when looking at the mean statistics of each year as attached in 

Appendix C. However, these statistics are incapable of revealing any difference in farming 

practices. 

  

                                                
17 By using a categorical variable for farm size instead of the standard dummies for each category, a linear 

relationship was imposed loosely between different farm size and technical inefficiency. Experimentation with 

alternative specification shows that the estimation results are robust between these two specifications. Same for 

shed technology.  It might be reasonable to expect this kind of linear relationship given that bigger farm using 

more advanced technology is normally operated by more experienced operators. On the other hand, if the 
number of cows is used instead of this categorical variable, the estimated coefficient is statistically insignificant, 

probably because not only a linear relationship was imposed by doing this, but extremely strict linear 

relationship.   

 
18 Irrigation data was missing for year 2002 so this variable was not included in the final estimation.  
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Table 2: Descriptive Statistics for Aggregates 

Variable   Count Mean Std. Dev. Min Max 

milksolids (kgs) 

Pool 2072 90,085 59,252 8,586 669,346 

North 1717 78,452 44,511 8,586 474,577 

South 355 146,350 84,285 16,393 669,346 

cows 

Pool 2072 274 163 43 1,650 

North 1717 248 135 43 1,510 

South 355 399 220 55 1,650 

labour (hrs) 

Pool 2072 5,438 3,153 1,200 74,400 

North 1717 4,993 2,835 1,800 74,400 

South 355 7,595 3,682 1,200 26,712 

operating assets 
(000s $) 

Pool 2072 2,807 2,276 133 39,500 

North 1717 2,530 1,742 133 19,200 

South 355 4,148 3,661 623 39,500 

veterinary 
expenditure 

Pool 2072 20,327 13,698 1,723 139,183 

North 1717 18,038 10,697 1,723 127,122 

South 355 31,395 19,869 1,842 139,183 

feed      
expenditure 

Pool 2072 51,092 47,320 0.7776 385,646 

North 1717 42,147 35,392 0.7776 350,227 

South 355 94,354 69,015 472 385,646 

fertilizer 
expenditure 

Pool 2072 32,508 25,209 0.8347 253,448 

North 1717 28,637 20,592 0.8347 184,025 

South 355 51,233 35,186 0.9074 253,448 

electricity 
expenditure 

Pool 2072 6,398 8,594 0.7974 197,529 

North 1717 5,020 2,982 1.0163 41,844 

South 355 13,062 18,311 0.7974 197,529 

 

 

Table 3 describes the variables in per cow terms. South Island dairy farms do have higher 

output yield per cow. On average, a cow produces 366 kgs of milksolids in a season, 

compared with only 315 kgs in the North Island.  

 

South Island farms also consume more inputs per livestock than their Northern counterparts, 

except for “labour” and “capital”. There are no significant differences regarding these two 

inputs just by looking at the statistics across the whole sample periods, but yearly average 

statistics as shown in Appendix C reveal that most of the time, South Island dairy farms use 

less labour than those in North Island, the exception is the 2003-2005 period. The average 

value of the operating assets per cow is always smaller for South Island dairying.  
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Table 3: Descriptive Statistics in per cow terms 

Variable   Count Mean Std. Dev. Min Max 

milksolids 
(kgs)/cow 

Pool 2072 324 59 84 1382 

North 1717 315 57 84 1382 

South 355 366 52 219 533 

labour (hrs)/cow 

Pool 2072 21.7 12.1 7.6 450.9 

North 1717 21.8 12.7 7.6 450.9 

South 355 21.1 9.2 9.2 85.7 

operating assets 
$/cow 

Pool 2072 10,327 4,880 1,208 79,339 

North 1717 10,323 4,757 1,208 79,339 

South 355 10,344 5,442 1,449 63,750 

veterinary $/cow 

Pool 2072 75 26 13 222 

North 1717 74 25 13 222 

South 355 80 28 20 211 

feed $/cow 

Pool 2072 177 100 0.006 818 

North 1717 166 92 0.006 808 

South 355 231 119 3.023 818 

fertilizer $/cow 

Pool 2072 117 52 0.002 438 

North 1717 114 50 0.002 438 

South 355 130 59 0.002 402 

electricity $/cow 

Pool 2072 23 13 0.002 214 

North 1717 21 8 0.002 92 

South 355 30 25 0.003 214 

 

 

Table 4 summarizes farm specific characteristics that may impact technical inefficiency as 

illustrated in equation (2). We can see that the average farm located in the South Island is 

substantially larger and less intensive, as measured by the number of cows per hectare of 

effective dairying area. This is reasonable given that land is less abundant and the price is 

higher in the North. Relatively speaking, more dairy farms in the South Island adopt 

irrigation which can be attributed to climatic conditions: Canterbury and Otago have less 

rainfall than Waikato and Taranaki. Another possible reason could be that South Island dairy 

farms are more corporate-type farms, they have the financial ability to employ expensive 

irrigation systems and automatic technologies, such as a rotary shed.  
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Table 4: Descriptive Statistics regarding Farm Characteristics 

Variable   Count Mean Std. Dev. Min Max 

              

Farm size 
     =0 if cows≤200 
       1 if 200<cows<300 
       2 if cows≥300 

Pool 2072 0.92 0.83 0 2 

North 1717 0.81 0.81 0 2 

South 355 1.45 0.73 0 2 

       

Shed Technology 
       = 1 if Herringbone 

2 if Rotary 
   0 Otherwise 

Pool 2072 1.13 0.37 0 2 

North 1717 1.08 0.31 0 2 

South 355 1.36 0.51 0 2 

       

Intensity 

)(
Hectare

Cows  

Pool 2072 2.69 0.53 0.62 4.95 

North 1717 2.71 0.52 0.62 4.95 

South 355 2.62 0.59 1.1 4.36 

       

Irrigation 
= 0 if not irrigated 

       1 if <30% irrigated 
       2 if >30% irrigated 

Pool 1861 0.17 0.54 0 2 

North 1539 0.07 0.36 0 2 

South 322 0.60 0.92 0 2 

 

 

Further focusing on the year trend in Appendix C, the average herd size went up by 55.5%, 

from 218 cows in 1999 to 339 cows in 2007. The aggregate milksolids produced by an 

average NZ dairy farm nearly doubled over these nine years period, increased from 61,044 

kgs in 1999 to 119,508 kgs in 2007. On average, dairy cows became more productive as the 

milksolids produced per cow increased by 25% in the North Island and 19% in the South 

Island.  

 

The value of operating assets for an average dairy farm in North and South Island went up by 

196% and 262% respectively, but the labour input, as measured by total working hours, only 

increased by 14% for the North and 40% for the South Island. Part of the huge increase in 

asset value can be attributed to the rising price of farmland. The average dairy land price 

increased by 91% over this sample period (LIC, 1999-2007); and the other part is the result of 

increasing on-farm capital investments.  
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As evidenced by the per cow mean statistics, the average labour input per cow in the North 

Island has decreased over time. The capital endowment per cow in both regions has more 

than doubled, suggesting a substitution of capital for labour and thus a movement towards 

relatively more capital intensive dairy farming production has occurred for the sample period.  

 

New capital endowments would require more energy, such as electricity, to operate. The 

average electricity bill for a dairy farm increased by 74% from $4657 to $8106, as measured 

by 1998/99 constant dollars. But in per cow terms, the average electricity expenses were very 

stable, around $23 over the entire sample period. Together with the increase in livestock 

productivity, this implies an improvement in on-farm energy productivity. The average farm 

size was also observed to follow an increasing trend over time and the shed technology was 

updating.  

 

3.3.3 The empirical model 
 

Different algebraic forms of )(f  give rise to different models. Cobb-Douglas and translog 

are the two most commonly applied production functions in the dairy SFA literature. Among 

others, studies adopted CD include Dawson (1987b), Battest & Coelli (1988), Bravo-Ureta & 

Rieger (1991), Admad & Bravo-Ureta (1996), Hadri & Whittaker (1999), Jaforullah & 

Premachandra (2003), and Kompas & Che (2006); and those used TL are: Dawson (1987a), 

Kumbhakar & Heshmati (1995), Jaforullah & Devlin (1996), Reinhard et al. (1999), Cuesta 

(2000), Hadley (2006) and Moreira & Bravo-Ureta (2010). 

 

Both CD and TL functions satisfy the strong essentiality property of a production technology. 

In other words, both assume that every input included in the production frontier is essential 

for dairy production.
19

 And both satisfy the monotonicity property provided the first-order 

                                                
19 Other common functional forms, such as linear, quadratic, generalized Leontief, and constant elasticity of 

substitution, satisfy the weak essentiality property, i.e. the production of positive output is impossible without 

the use of at least one input.   
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coefficients are non-negative.
20

 CD is also concave in inputs vector given the previous 

monotonicity property is satisfied.
21

 Its wide application in empirical studies is due to its 

simplicity, but this comes at the cost of losing flexibility. The elasticity of substitution is 

unity, the output elasticity (i.e. the technological parameters) and the returns to scale (i.e. the 

sum of the technological parameters) are assumed to be fixed. TL, on the other hand, is 

favoured for its ability to provide a second-order differential approximation at a single point. 

However, increased flexibility comes along with possible violation of convexity and the 

problem of having more parameters to estimate, which often give rise to major 

multicollinearity problems (Cornwell et al. 1990).  

 

The principle of parsimony says one should choose the simplest functional form that “gets the 

job done adequately” (Coelli et al. 2005, p.212).  The most important objective of this study 

is to estimate regional and meta frontiers, the latter was based on the estimated technological 

parameters of the former. Multicolinearity which leads to insignificant estimated coefficients 

could be a serious concern. Moreover, Maddala (1979), Good et al. (1993) and Ahmad & 

Bravo-Ureta (1996) argued that technical efficiency measures were robust to functional form. 

Therefore, the final production frontier is chosen to be CD.
22

 

 

The empirical stochastic production frontier estimated in this study is: 
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where: Ni ,,2,1  denotes farm; 9,,2,1 t  denotes year; ),0(~ 2

vi iidNv  , and  

                                                
20 The monotonicity property of a production function says that additional units of an input will not decrease 

output. If the production function is continuously differentiable, monotonicity implies all marginal products are 

non-negative.  

 
21 If the production function is continuously differentiable, concave in inputs (i.e. the technology is convex) 

implies that all marginal products are non-increasing, the well-known law of diminishing marginal productivity. 

  
22 The translog production frontier as well as its simplified form as in Ahmad & Bravo-Ureta (1996) were   

estimated, most of the parameters turned out to be insignificant possibly due to multicollinearity.   
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The rate of smooth-neutral technological change, i.e. the shifting of the production frontier, is 

hypothesized to be time-varying and is captured by the parameters 7  and 8 .
23

 Over time, 

the farm operator is assumed to gain more experience and hence reduce production 

inefficiency, which is picked up by 4 .  

 

The  ‟s are estimated simultaneously with the  ‟s by maximum likelihood for the North 

Island, South Island and the pooled sample dairy farms respectively.  

  

                                                
23 A non smooth technological change was also modeled and the corresponding estimation results are attached 

in Appendix D.  
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3.4 Empirical Results and Analysis 
 

3.4.1 Production frontier estimates and specification tests 
 

The maximum likelihood estimates of the parameters were obtained using the FRONTIER 4.1 

program (Coelli, 1996a), the results are presented in table 5. As can be seen, in all three 

frontiers, the estimated parameters associated with inputs have positive signs and most of 

them are highly significant, except for “labour”, implying the production function is well 

behaved. The null hypothesis that the one-sided technical inefficiency error term are 

insignificant can be rejected at the 1% level given the Kodde and Palm critical value of 

16.074 with 6 degrees of freedom. And the Cobb-Douglas functional form cannot be rejected 

in favour of the translog given the critical value for 2

21
 
is 38.932 at the 1% significance level.  

 

The hypothesis that North Island and South Island dairy farming share the same technology is 

tested using the Likelihood Ratio (LR) test: 

58.1235)( 0 HL  -  Log Likelihood Function from the Pooled data frontier 

32.1358)( 1 HL  - Sum of the Log Likelihood Functions of the North and South frontiers 

 

The test statistic is 245 and the critical value for 2

16
 
is 32 at the 1% significance level. 

Therefore we can easily reject the null in favour of the alternative hypothesis that North and 

South Island dairy farms share different production technologies.  

 

The above results reveal that the data should not be pooled together and therefore the MF 

framework could be adopted to compare efficiency performance across regions. One might 

obtain biased production frontier and TE estimates if the regional technological differences 

are not taken into account.  

 

Mean TE estimates vary between the three frontiers. For the pooled sample, in which the 

North and South Island dairy farms are assumed to have the same production technology, the 

average TE is estimated to be 92.7% over the sample period. But when the data are separated 

to estimate region specific frontiers, the North dairy farms are shown to have a mean TE of 
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92.3%, and the South dairy farms‟ average efficiency score is only 82.5%. This does not 

imply South Island dairy farms have lower technical efficiency performance on average than 

the North, because those two scores are not comparable to each other unless the underlying 

production technology is the same. But if the technology is the same, then one should use the 

results from the pooled sample frontier.  

 

The estimated coefficient on “labour” is significant at the 5% level in the pooled data frontier, 

but insignificant in both the regional frontiers, and its magnitude (i.e. labour-output elasticity) 

in the North Island frontier is nearly three times as big as the one in the South. 

Experimentation with alternative specification shows that this insignificance is more of a 

result of multicollinearity. The estimated coefficient on “electricity” in the North Island is 

close to twice of the electricity-output elasticity obtained for the South.  

 

On the other hand, the parameter associated with input “dairy operating assets” (i.e. capital-

output elasticity) in the South Island frontier is two times the one in the North, and it also has 

bigger fertilizer-output elasticity. It seems that labour and energy play relatively more 

important roles in dairy production for the North, and South Island dairy farming depends 

more on capital and fertilizer, this result is in accordance with what was observed before, viz. 

more dairy farms in the South Island adopt irrigation and rotary shed technology than North 

Island. 

 

The parameters associated with the linear time trend and its squared term in the SPF are 

significant at the 1% level for the North Island, meaning a non-linear technological change 

(TC) effect is observed for the North, this effect is shown to decrease with time. From 1999 

(t=1) to 2004 (t=6), the North Island production frontier was shifting out at a decreasing rate. 

After 2004, the TC effect became negative. The average TC rate from 1999 to 2007 is 

estimated to be 0.0217 for the North Island.  

9,,2,1009.00622.0
ln
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Table 5: Stochastic Production Frontier Estimates  

Variables Parameters Pooled   North   South   

  
      

  

one 0  4.3681 *** 4.3902 *** 4.7887 *** 

labour/cow 1  0.0196 ** 0.0153 
 

0.0059   

dairy assets/cow 2  0.0413 *** 0.0414 *** 0.0842 *** 

veterinary/cow 3  0.0913 *** 0.0891 *** 0.0796 *** 

feed/cow 4  0.0702 *** 0.0641 *** 0.0606 *** 

fertilizer/cow 5  0.0133 *** 0.0117 *** 0.0179 *** 

electricity/cow 6  0.0317 *** 0.0306 *** 0.0156 ** 

         9,,1t  7  0.0498 *** 0.0622 *** -0.0590 * 

 
2t  8  -0.0034 *** -0.0045 *** 0.0019   

  
      

  

one 0  0.3641 *** 0.4340 ** 0.4771 *** 

farm size 1  -0.4619 *** -0.2593 *** -0.0328 ** 

shed 2  -0.3992 *** -0.1275 *** 0.0059   

intensity 3  -0.2999 *** -0.6433 *** 0.0423 * 

 t  4  -0.0447 *** -0.0048 
 

-0.0662 *** 

  
      

  

  
222

uv    0.1373 *** 0.1565 *** 0.0179 *** 

  
22 / u  0.9116 *** 0.9307 *** 0.8410 *** 

  
 

            

  mean TE 0.927 
 

0.923 
 

0.825   
  

 
            

  

log likelihood 
function 

1235.58 
 

1067.71 
 

290.61 
 

  
LR test of the one-
sided error 216.70 

 
228.20 

 
42.19   

 
LR test of CD vs. TL -107.16 

 
-159.36 

 
3.90 

 * Estimated Coefficients significant at the 10% level  

** Estimated Coefficients significant at the 5% level 

*** Estimated Coefficient significant at the 1% level 
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The coefficient associated with the squared term of the linear time trend is insignificant for 

the South Island frontier, suggesting that this region follows a different path of TC. Based on 

the coefficient of the linear time trend, which is significant at only the 10% level, this TC 

effect is constant and negative in South Island.  

 

In terms of modelling technical inefficiency, the North Island frontier indicates that a farm‟s 

herd size, shed type and farming intensity all have a significant negative impact on its 

technical inefficiency. Holding everything else constant, a larger dairy farm in the North 

Island is associated with lower technical inefficiency, implying better efficiency performance. 

The same is true for the South Island, however the magnitude of the farm size effect as well 

as its significance is reduced. The employment of rotary shed technology and more intensive 

farming also lead to higher TE in the North Island whereas for the South Island, shed type 

was not found to have a significant influence, and intensity has a positive, instead of negative, 

effect on technical inefficiency.  

 

In addition, the coefficient on the linear time trend in the technical inefficiency effects model 

is negative and highly significant for the South Island frontier, implying that over time, farm 

operators were able to improve their efficiency performance. However, this kind of 

improvement does not exist in the North Island frontier as shown by the insignificance of the 

estimated coefficient.  

 

3.4.2 TGR and TE analysis with the Meta-Frontier 
 

The MF linear programming problem in equation (9) is solved based on the estimated 

regional technological parameters presented in table 5, using Shazam programming software. 

The resulting solution, i.e. the MF technological parameters, are exactly the estimated 

parameters for the South Island frontier, meaning the dairy production technology employed 

in NZ South is more advanced than the technology used in the North. The South Island 

production frontier defines the potential technology available for the whole dairy farming 

industry in NZ and it is above the North production frontier as depicted in figure 2, where 

point A illustrates a farm in the North Island.  
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The technological gap ratio (TGR), defined in equation (6), is therefore equal to 1 for every 

dairy farm in the South Island; the average TGR for farms in the North Island is about 76% 

with a standard deviation of 10%. These results imply that, for the North Island, the 

maximum output a dairy farm can produce using its inputs is, on average, only about 76% of 

the maximum output that could be produced using the same inputs and the technology 

available in the South Island.  

 

Figure 3: Illustration of Estimated South and North Frontier 

 

 

Technical efficiency, relative to the MF as denoted by TE*, is estimated for each farm in the 

North Island sample according to equation (7), i.e. North

i

North

i

North

i TGRTETE   . The South 

Island farm specific TE estimate with reference to the MF is equivalent to that evaluated 

under regional frontier. Table 6 summarizes the resulting efficiency and TGR estimates.  
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We are now able to compare the efficiency performance between North and South Island 

dairy farms. The North has an average TE* estimate of 70% relative to the MF between 1999 

and 2007; the most inefficient farm has a TE* score of only 28%, whereas the most efficient 

farm is 93%. The South Island farm‟s mean TE* is 82%, substantially higher than the North, 

and its efficiency range is narrower, from a minimum of 46% to a maximum of 98%.  

 

If one compares the TE estimates relative to their own regional frontiers, the conclusion is 

contradictory to what we observed before and therefore misleading. The North Island‟s 

average dairy farm has a TE score of 92% with reference to its regional frontier, higher than 

the South‟s average, and 80 percent of the observations have an efficiency level no less than 

90% as shown by the frequency distribution in table 6. But only 2 percent of North Island 

observations‟ TGR is equal to or above 90%, thus when using the TE estimates relative to the 

South MF (i.e. the TE*), we have now only 12 observations with a TE* score no less than 

90%, 20 percent of the observations are between 80-90%, and 33.5 percent are in the range of 

70-80%. Compared with the South Island sample, in which more than 34 percent have a TE* 

score no less than 90%, 28 percent are between 80-90%, and 20 percent are in the range of 

70-80%. 

Table 6: Summary of TE and TGR Estimates 

STATS  NorthTE  NorthTGR  *

NorthTE  *

southsouth TETE   

       

mean 0.9235 0.7580 0.7005 0.8247 

std. dev. 0.0509 0.1048 0.1067 0.1178 

min 0.4232 0.5514 0.2797 0.4560 

max 1 0.9728 0.9330 0.9828 

     

level     

0.9 -1.0 1379 (80.3%) 35 (2.0%) 12 (0.7%) 122 (34.4%) 

0.8 - 0.9 289 (16.8%) 730 (42.5%) 344 (20.0%) 98 (27.6%) 

0.7 - 0.8 37 (2.2%) 373 (21.7%) 575 (33.5%) 70 (19.7%) 

0.6 - 0.7 5 (0.3%) 382 (22.2%) 438 (25.5%) 51 (14.4%) 

below 0.6 7 (0.4%) 197 (11.5%) 348 (20.3%) 14 (3.9%) 
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The sample mean statistics of the estimates for each year are shown in figure 3. It appears 

that for the North Island, the average TGR (green line) follows a steady increasing trend, 

from only 57% in 1999 to 88% in 2007, implying the gap between the regional dairying 

technologies substantially decreased over time. The TE relative to others in the same region 

(red line) changed slightly from 91% to 94%. As a result, most of the increase in TE with 

reference to the MF (i.e. TE*, purple line) comes from the advances of the regional 

production technology over time rather than improvements in individual on-farm efficiency 

performance. And for South Island, a similar steady increasing trend in TE performance (blue 

line) can be observed with the exception of year 2005. The average TE is 61% in 1999 and 92% 

in 2007.  In contrast to the North Island, this increase could be the result of better on-farm 

efficiency performance when operators gain more experience in overall farm management. 

 

 

 

 

In conclusion, North Island dairy farms have a higher TE performance than those in the South, 

when evaluated using their own regional production frontiers. In other words, they have been 

doing a better job in terms of emulating the best farm management practices in their own 

region. However, when compared with the same production frontier, South Island dairy farms 
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are, on average, more efficient in converting those inputs into output, implying that their 

farming technology is more advanced than the North.   

 

Table 7 further breaks down the average TE and TGR estimates over the sample period by 

each sub-region within North Island and South Island. Because sub-region specification for 

the South Island was not available in the dataset until the season 2005/06, the average TE and 

TGR estimates for South Island sub-regions are based on the period between 2006-2007 only.  

 

Table 7: Sub-Regional Sample Average TE and TGR Estimates
24 

 

North Island Region (1999-2007) TE TGR TE* Count 

  

   

  

Northland 0.8958 0.7556 0.6769 267 

Waikato 0.9317 0.7851 0.7325 617 

Bay of Plenty 0.9305 0.7166 0.6672 298 

Taranaki 0.9252 0.7500 0.6939 330 

Lower North Island 0.9216 0.7530 0.6936 205 

 

South Island Region (2006-2007) TE=TE*  Count 

  

 

  

West Coast – Tasman 0.8987 43 

Marlborough-Canterbury 0.9049 37 

Otago-Southland 0.9352 64 

 

 

Within the North Island, Waikato dairy farms have the highest regional TE estimate (93.17%) 

and TGR (78.51%) averaged over the entire sample period.
25

 Bay of Plenty is in the second 

place with its 93.05% average regional TE performance, but in terms of technological 

distance from the MF, it is in the last place with only 71.66% TGR. Taranaki sits in the third 

place in average sub-regional TE ranking (92.52%), followed by Lower North Island and 

Northland. A Wilcoxon-Mann-Whitney test however shows that the average sub-regional TE 

                                                
24 A New Zealand dairying regional map is in Appendix E. Significance of the differences in sub-regional means 

are tested in Appendix F.  

 
25 Waikato also has the largest number of observations.  
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estimates are not statistically different from each other between Waikato, Bay of Plenty, 

Taranaki and Lower North Island, and there is no statistical evidence that the average TGRs 

between Northland, Taranaki and Lower North Island are different.
26

   

 

In the South Island, Otago-Southland has the highest TE score (93.52%) averaged over 2006-

2007, Marlborough-Canterbury comes next and followed by West Coast-Tasman. Those 

differences in mean efficiency scores are statistically significant at the 1% level as shown in 

Appendix F.  

 

3.4.3 Returns to scale 
 

If NZ dairy farming technology exhibits CRTS as found in previous SPF studies, then the 

technological parameters associated with all the inputs will sum to one in both regional 

frontiers, i.e. 

 southnorthjfor
k

j

k ,1
6

1
 

  

This restriction was imposed on the previously estimated North and South SPFs with 

technical inefficiency effects and the resulting new estimates have a log likelihood function of 

351.11north and 105.08south respectively. A LR test easily rejects the null hypothesis that the 

underlying production technology is CRTS for both regions. In fact, the summation of the 

technological parameters (i.e. output elasticities) in all frontiers is less than one, implying 

dairy farming in NZ exhibits decreasing returns to scale (DRTS), i.e. if one doubles the 

labour work, the dairy assets, the veterinary services, feed, fertilizer, and electricity expenses 

on a dairy cow, the milksolids produced by that cattle will be less than double, ceteris paribus. 

This result makes sense as there is certainly a biological constraint regarding the maximum 

milk can be produced by a cow.  

 

                                                
26 The Wilcoxon-Mann-Whitney test is a non-parametric analog to the independent samples t-test and can be 

used when one does not want to assume that the dependent variable (i.e. the efficiency estimates) is normally 

distributed.  
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In aggregate terms, when the dairy herd is treated as one of the inputs as in Jaforullah & 

Devlin (1996) and Jaforullah & Premachandra (2003), DRTS is still expected, especially for 

medium to large sized farms. For example, if a farm expands the herd size from 500 to 1,000 

and doubles all the other inputs, additional labour will be required for the managerial work in 

order to coordinate the production, relatively more resources might be wasted as a result of 

the expansion because the challenges of effective management rises.  

 

And DRTS might be why we observe a constant negative TC effect for the South Island dairy 

farming. As shown in Appendix B, the average herd size is 295 in the season 1998/99 for 

South Island, this figure reached 467 in 2006/07, a 58% increase over 9 years. As mentioned 

in section 1: NZ dairy farming efficiency literature, Rouse et al. (2009) estimated the optimal 

herd size was 275 for NZ dairying. It is therefore likely that the average South Island farm 

was operating with a herd size above the optimal starting at the beginning of the sample 

period and continued to move further away from that.  

 

The TC effect remains positive for North Island dairy farming from 1999 to 2004, the 

average herd size during this period ranges from 210 to 268, and when it reaches 286 in 2005, 

we start to observe a negative TC effect.  

 

3.5 Conclusion and Policy Implications 
 

 

In summary, NZ North Island and South Island dairy farming systems do not share the same 

production technology as assumed in previous dairy efficiency studies. What is in common is 

that the dairy farming production exhibits decreasing returns to scale in both regions.  

 

North Island farmers use a more conventional dairy production system, where labour and 

electricity have a larger and significant output elasticity compared to the South. Higher 

technical efficiency is associated with larger farm size, the employment of rotary sheds and 

more intensive farming. On the other hand, capital and fertilizer are more important in NZ 
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South Island dairying, farm size has a smaller positive impact and intensity negatively affects 

individual farm efficiency performance.  

 

Regarding the path of the technological involvement, a non-linear technological change effect 

which decreases over time is found for the North Island dairy farming. This is different to the 

South Island, where a constant negative technological change effect was found which is 

significant only at the 10% level. The inward shifting of the production frontier may be due 

to rising farmland prices as the value of land was a component of the capital input. Holding 

everything else constant, the increase in farmland value will result in an increase in capital 

value, with no additional output. Another possible explanation is the continuous increasing 

trend in average farm size above the optimal scale. Therefore although larger farm size is 

found to lead to higher technical efficiency performance, the possible negative effect on 

technological change should also be taken into account.  

  

Upon the computation of the Meta-Frontier, South Island farming technology is found to be 

more advanced than the North and it defines the potential production technology available for 

NZ whole dairying industry. Relative to the South Island Meta-Frontier, the average technical 

efficiency over this sample period was estimated to be 70% for the North Island and about 82% 

for the South Island. Therefore, although the North Island dairy farms have been doing a 

good job in terms of following the best farm management practices of their regional 

counterparts (the mean TE is 92% relative to North frontier), the North Island, as a whole, is 

being left behind by the South dairy industry, whose technology is more up to date. The 

average gap between the two regional production frontiers, as denoted by the technological 

gap ratio, is estimated to be 76%, meaning that a fully technically efficient dairy farm in the 

North Island is only 76% efficient if evaluated using the South production technology.  

 

As a result, policies that aim to encourage more efficient dairy production in the South Island 

should focus on lifting individual TE performance, which could be achieved by promoting 

the use of extension services. The average farm‟s milksolids produced per cow could be 

increased by up to 8% with reference to the year 2007 if all the inefficiency in production 
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was eliminated.
27

 In spite of the fact that the data suggest South Island technical inefficiency 

was decreasing over time, meaning the farm operators have demonstrated good abilities to 

implement efficiency enhancing practices.  

 

Policies that may impact North Island dairying should be designed with extra caution. 

Individual farm TE relative to their regional peers can be increased through more intensive 

farming and the use of rotary, instead of herringbone, shed technology. However, more 

stringent environmental requirements, higher energy prices, and increased difficulty in 

finding experienced farm workers make this potential 6% gain in output as measured in per 

cow terms, very challenging.
28

 Moreover, the most prevalent objective given the wide 

technological gap is lifting the whole region‟s production frontier to catch up with their 

Southern counterparts, which suggests a movement towards more fertilizer and capital 

intensive production, such as wide application of irrigation. This, of course, increases the 

energy intensity of dairy production. Hindering the process of intensification means an up to 

12% potential gain in output per cow by an average North Island dairy farm could be lost.
29

 

 

In the absence of some environmental constraints, such as the climate change legislation, it is 

natural to assume that over time, profit-maximizing dairy farms will move closer to their 

current frontier, try the best to eliminate production inefficiencies, and adopt modern 

technology once it is available. However, to deal with uncertainties and challenges in a new 

environment, they may have to alter their production structures accordingly towards more 

environmentally friendly production, which might slow down the adaptation and application 

of technically efficient technology. As interpreted above, this gain in efficiency and 

technology uptake which could be realized otherwise might worth to be considered when 

policy makers anticipating the cost of certain environmental policy.  

 

                                                
27 As figure 3 gives the average TE is 92.3% in 2007 for South Island.  

 
28 The average TE is 93.6% in 2007 for North Island, evaluated using regional specific frontier. 

 
29 The mean TGR is 87.7% in 2007 for North Island dairy farming.  
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Appendix A: NZ Dairy Farm Efficiency Literature 
 

Studies Method Mean Efficiency Output Inputs 

Jaforullah & Devlin (1996) SFA 

CRTS Translog TE 

89.7% (Half Normal) 

91.4% (Truncated Normal) 

94.6% (Exponential) 

Total farm revenue ($) 
(All 3 studies used the same dataset containing 264 NZ 

dairy farms for the 1991/92 season. The Input variables 

used are the same except in Jaforullah and Whiteman 

(1999), land area was included as one of the inputs.) 

 

labour; cows; fixed Assets (closing book value); 

expenditures ($) on:  animal health and herd testing; 

feed supplements and grazing; and fertilizer. 

 

Jaforullah & Whiteman 

(1999) 
DEA 

VRTS 

TE: 89%; SE: 94% 

Milk-fat (kg) 

Milksolids(kg) 

Milk-protein (kg) 

Jaforullah & Premachandra 

(2003) 

COLS 

SFA 

DEA 

VRTS Cobb-Douglas TE: 

56.9% (COLS) 

85.5% (SFA) 

86% (DEA) 

Total farm revenue ($) 

Rouse et al. (2009) DEA 
VRTS 

TE: 91.3%;  SE: 95% 
Milksolids (kg) 

labour; cows; land area; operating expenses($); fixed 

assets, fertilizer ($); pasture and supplement ($). 

Jiang & Sharp (2008) SFA 

CRTS Translog TE 

90.3% (Half Normal) 

92.2% (Truncated Normal) 

92.7% (Exponential) 

92.8% (Gamma) 

Milksolids (kg)/cow 

labour/cow; fixed Assets (current market value)/cow; 

animal health and herd improvement $/cow; feed 

supplements and grazing $/cow; fertilizer $/cow; 

electricity $/cow; regional dummies; farm size 

dummies. 
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Appendix B: Oversee Dairy Farm Efficiency SFA 
 

Studies Focus Data Functional Form Mean TE 

Dawson (1987a) 
Measure TE at discrete points in time, i.e. 
estimate one SPF for each year 

3 sets of cross sectional data for the England 
and Wales dairy sector, 490 dairy farms in 
1976/77, 406 in 1980/81 and 406 in 1984/85. 

Translog 
1976/77: 85%                        
1980/81: 87%                             
1984/85: 84% 

Dawson (1987b) 

Recover TE estimates from a estimated cost 
function (which is a function of output 
produced) by applying the Cobb-Douglas "Dual 
Property" 

Cross section - 406 England and Wales dairy 
farms in 1984/85 

Cobb-Douglas 81% 

Battese and Coelli (1988) Develop the prediction of firm-level TE 
Unbalanced Panel - 112 Australian dairy farms 
in NSW and Victoria during 1779-1981 

Cobb-Douglas NSW: 77%  Vic: 63%  

Kumbhakar et al. (1989) 
Estimate TE, AE and SE using a system of 
equations approach 

Cross section - 89 USA Utah dairy farms  Cobb-Douglas 
Small farm: 48%                       

Medium farm: 68%              
Large farm: 80% 

Bailey et al. (1989) 
Estimate TE, AE and SE using a system of 
equations approach 

Cross section - 68 Ecuadorian dairy farms in 
1986 

Cobb-Douglas 
Small farm: 76%                       

Medium farm: 77%              
Large farm: 77% 

Dawson (1990) 
Measure TE in the immediate post-quota 
period, construct a SPF for each sample year 

3 sets of cross sectional data for the England 
and Wales dairy sector, 306 dairy farms each 
year for 1984/85, 1985/86 and 1986/87 

Cobb-Douglas 
1984/85: 89%                        
1985/86: 86%                             
1986/87: 86% 
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Studies Output Inputs 
Input price                                            

system of equations 

Dawson (1987a) milk produced (litres) 

(1) Herd replacement costs; (2) total labour costs; (3) total machinery and 
equipment costs: running costs, maintenance, depreciation and contract costs; 
(4) purchased concentrates costs; (5) purchased and home-grown forage costs 
and imputed grazing costs; (6) actual rent and imputed rent. 

 

Dawson (1987b) 
total cost is the sum of the inputs 
in Dawson (1987a) 

Output is the sum of wholesale quota, direct sales quota and extra quota (litres) 
 

Battese and Coelli (1988) Total Gross farm returns 
(1) Total farm labour measured as work weeks; (2) total cost of fodder, seed and 
fertilizer; (3) capital value, include replacement cost of structures.   

Kumbhakar et al. (1989) milk produced (pounds) 
Endogenous inputs (1) total labour measured in hours; (2) capital measured by 
depreciation and interest expenses. Exogenous inputs (3) operator's education 
as measured in years; (4) off-farm income $ (5) two dummies for 3 farm size  

NA 

Bailey et al. (1989) 
annual average production per 
cow times no. of cows 

(1) Total labour measured in months; (2) capital measured by the market value 
of buildings, machinery and milk cows; (3) land (hectares); (4) dummy for use or 
non-use of modern milking system; (5) dummy for use of artificial insemination; 
(6) dummy for use of feed concentrates 

(1) Labour price: average payments per 
month paid to labours by the farmer; (2) 
Capital price: depreciation and interest 
expenses on the farm; (3) Land price: 
21% of land value. 

Dawson (1990) same as Dawson (1987a) same as Dawson (1987a) 
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Studies Focus Data Functional Form Mean TE 

Dawson and White (1990) 
same as Dawson (1990) plus estimate the 
marginal value product of each input at the 
mean 

same as Dawson (1990 ) Cobb-Douglas 
1984/85: 88%                        
1985/86: 83%                             
1986/87: 86% 

Dawson and Woodford (1991) 
Measure TE in the immediate post-quota 
period 

Balanced Panel for 306 England and Wales 
dairy farms observed between 1984/85 - 
1986/87 

Translog 80% 

Bravo-Ureta and Rieger (1990) 

Evaluates the sensitivity of TE estimates to the 
choice of parametric methodologies between 
(1) linear programming (2) COLS (3) SFA gamma 
and half normal 

Balanced Panel  - 404 US dairy farms in 1982 
and 1983, a Cross sectional frontier was 
estimated for each year 

Cobb-Douglas 
1982: 49% - 82%                        
1983: 46% - 85% 

Bravo-Ureta and Rieger (1991) 
Estimate a SPF and recovered the 
corresponding cost function by applying the 
Cobb-Douglas "dual property" 

Cross section - 511 New England dairy farms in 
1984 

Cobb-Douglas 83% 

Kumbhakar et al. (1991) 

Investigate TE and AE using a system of 
equations approach, which consists of the 
production frontier and FOCs of profit 
maximization. 

Cross section - 519 US dairy farms in 1985  Cobb-Douglas 
Small farm: 70%                       

Medium farm: 74%              
Large farm: 80% 

Heshmati and Kumbhakar 
(1994) 

Introduce a dummy for each farm in the 
standard half normal SPF to control for farm-
specific heterogeneity. A 4-step procedure  (1) 
estimate the SPF using OLS within 
transformation (2) regress the residuals on 
farm dummies (3) model residuals obtained in 
step 2 using ML (4) estimate technical 
inefficiency under the truncated normal 
distributional assumption 

Append 4 Balanced panel data set together for 
745 Sweden farms. These panels are 1976-78, 
1979-81, 1982-84, and 1986-88. No farm 
overlaps from one panel to the other.  

Translog 

1976-78: 81%                       
1979-81: 83%                    
1982-84: 82%                            
1986-88: 82% 
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Studies Output Inputs 
Input price                                            

system of equations 

Dawson and White (1990) same as Dawson (1987a) same as Dawson (1987a) 
 

Dawson and Woodford (1991) same as Dawson (1987a) same as Dawson (1987a) 
 

Bravo-Ureta and Rieger (1990) 
milk produced (hundredweight 
adjusted to a 3.5% butterfat)  

(1) total labour measured in FTEs; (2) purchased dairy concentrates (tons); (3) 
veterinary and breeding fees and other animal expenses; (4) other feed and 
machinery expenses 

 

Bravo-Ureta and Rieger (1991) 
milk produced (hundredweight 
adjusted to a 3.5% butterfat)  

(1) variable labour measured in FTE, obtained by subtracting 1 from total 
labour, assuming 1 operator per farm; (2) purchased dairy concentrate (tons); 
(3) succulent roughage plus dry roughage (tons); (4) dummy for carry milking 
system; (5) 2 regional dummies 

 

Kumbhakar et al. (1991) 
milk produced (hundredweight 
adjusted to a 3.5% butterfat)  

(1) no. of dairy cows; (2) total labour measured by hours; (3) capital measured 
by actual no. of dairy machinery hours reported in the survey; (4) farm size and 
regional dummies were argued to be used as "control variables" rather than 
inputs  

(1) Cattle price: acquisition cost of a cow 
divided by its productive period; (2) 
Labour price: weighted average of a 
sample dairy farm's wage bill for hired 
labour and the prevalent market wage 
rate for family labour; (3) Capital price: 
depreciation and interest rate divided by 
capital machinery hours 

Heshmati and Kumbhakar 
(1994) 

total income from all on farm 
activities 

(1) no. of milking cows; (2) labour in dairy activity only as measured by $ (3) 
capital as measured by depreciation, maintenance, insurance, and net interest 
rate for machinery, inventory and building;  (4) total cost of purchased and 
grown concentrated fodder; (5) expenditure on mineral, fodder and other 
expenses; (6) time trend. Technological change was modelled as smooth and 
non-neutral, a linear time trend and its squared term, plus interaction with log 
inputs. 
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Studies Focus Data Functional Form Mean TE 

Ghosh et al. (1994) 

Analyze the separate effects of technical 
efficiency and risk attitudes on the adoption of 
new technologies using a system of equations 
approach 

Cross section - 145 US Appalachian dairy region 
farms in 1985 

Cobb-Douglas 92% 

Kumbhakar and Heshmati 
(1995) 

Introduced a multistep (4 steps) procedure to 
estimate SPF without imposing distributional 
assumption on technical inefficiency error term 

Rotating panel data of 1425 Sweden farms in 
1976-88, observed 3.43 times on average 

Translog 85% 

Hallam and Machado (1996) 

Efficiency analysis with panel data, comparision 
between the fixed effects within estimator, 
random effects GLS, Hausman-Taylor 
estimator, and ML estimator. 

Balanced Panel of 85 Portuguese dairy farms 
observed in 1989-1992 

Translog 

57% (within)                      
74% (GLS)                            
68% (H-T)                    
88%(ML) 

Ahmad and Bravo-Ureta (1996) 
Compare the impact of fixed effects and 
stochastic production frontier models on TE 
measures 

Unbalanced Panel - 96 USA Vermont Dairy 
farms 1971-1984 (1072 obs) 

Cobb-Douglas and 
Simplied Translog 

76%-86% 

Heshmati (1998)  

Different from Kumbhakar and Heshmati 
(1995), a 2 step procedure was used, a dummy 
for each farm was introduced for the persistent 
component of technical inefficiency 

Rotating panel data of 1425 Sweden farms in 
1976-88, observed 3.43 times on average 

Translog 94.50% 
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Studies Output Inputs 
Input price                                                                                

system of equations 

Ghosh et al. (1994) milk produced 
(1) no. of dairy cows; (2) total labour; (3) capital measured 
by per-cow capacity to feed, house, and milk; (4) grown 
feed; (5) purchased feed; (6) College education dummy 

(1) Cattle price: acquisition cost of a cow adjusted for 
productive period and interest rate; (2) State milk, Labour 
and Feed prices obtained from U.S.D.A agricultural market 
statistics; (3) The price of Grown Feed were imputed by the 
opportunity cost of the state market price; (4) Capital price: 
depreciation and interest adjusted for the age of capital 
items and interest rate for farm capital.  

Kumbhakar and Heshmati 
(1995) 

total income from all on 
farm activities 

(1) labour as measured by $ (2) capital as measured by 
depreciation, maintenance, insurance, and net interest rate 
for machinery, inventory and building; (3) cost of purchased 
and grown concentrate fodder; (4) grass fodder measured 
by the land area used to produce grass times annual average 
harvest for the area; (5) arable farm land (hectare); (6) 
pasture land; (7) expenditure on mineral, fodder and other 
expenses; (8) age of the farmer; (9) time trend. TC was 
modelled as linear and non-neutral. A linear time trend and 
its interactions with log inputs were included in the 
production frontier.  

 

Hallam and Machado 
(1996) 

Gross farm revenue 

(1) no. of milk cows; (2) total labour in FADM units; (3) 
capital value include land and land improvement buildings, 
plant, machinery, equipment and circulating capital; (4) 
costs of purchased and self-produced feed; (5) costs of other 
intermediate inputs 

 

Ahmad, Bravo-Ureta 
(1996) 

milk produced 
(hundredweights) 

(1) no. of dairy cows; (2) total labour measured in FTEs; (3) 
purchased concentrate feed (tons); (4) veterinary medicine, 
breeding and animal supplies expenses; (5) fertilizer, seed, 
spray, lime, repairs and maintenance on machinery and 
equipment, and gas and oil expenses; (6) other farm 
expenses including electricity, hauling, miscellaneous 
expenses and depreciation on buildings and equipment.  

 

Heshmati (1998)  
same as Kumbhakar and 
Heshmati (1995) 

same as Kumbhakar and Heshmati (1995) 
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Studies Focus Data Functional Form Mean TE 

Reinhard et al. (1999) 
Consider Nitrogen surplus as an 
environmentally detrimental input and derive 
its input oriented input-efficiency within SPF. 

Unbalanced Panel - 613 Dutch dairy farms in 
1991-1994 (1545 obs) 

Translog 
TE: 89%                           

Input efficiency for 
nitrogen surplus: 44% 

Reinhard et al. (2000) 

Consider Nitrogen surplus, phosphate surplus 
and total energy used as environmentally 
detrimental inputs and derive an input oriented 
input-efficiency using SPF and DEA. 

Unbalanced Panel - 613 Dutch dairy farms in 
1991-1994 (1535 obs) 

Simplied Translog 

SFA TE: 89%                           
Input efficiency for 

nitrogen surplus: 27%;   
for energy: 80% 

Reinhard and Thijssen (2000) 

Define Nitrogen efficiency at the nitrogen 
minimizing input bundle instead of cost 
minimizing input bundle and evaluate efficiency 
in a shadow cost system. 

Rotating panel of 434 Dutch dairy farms in 
1985-1995 (2589 obs), max. stay 7 years.  

Translog  
TE: 84%                           

Input efficiency for 
nitrogen surplus: 56% 

Cuesta (2000) 
Propose a model for the analysis of temporal 
variation in technical inefficiency 

Balanced Panel of 82 Spanish Asturias Dairy 
farms in 1987-1991 

Translog 83% 

Brummer and Loy (2000) 

Analyze the impact of "Farm Credit 
Programme" on dairy farms by comparing TE 
measures btw participation and non-
participating farms 

Unbalanced Panel of Northern Germany dairy 
farms in 1978-1994. Up to 50% of farms 
replaced in the sample from year to year (5093 
obs) 

Translog  96% 
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Studies Output Inputs and Inputs price for system of equations 
Variables used to model Technical Inefficiency                                  

Battese and Coelli (1995) 

Reinhard et al. (1999) 

Implicit quantity index = value of 
output / average of the 
multilateral Tornqvist price index. 
Output includes milk, meat, 
livestock and roughage sold. 

(1) family labour hours; (2) capital is measured by a quantity index 
obtained similar to output; (3) variable input quantity index; (4) 
nitrogen surplus (kgs), difference btw N input and N contained in 
desirable output; (5)  time trend. TC was modelled as smooth and non-
neutral. 

 

Reinhard et al. (2000) same as Reinhard et al. (1999) 

(1) family labour hours; (2) capital is measured by a quantity index 
obtained similar to output; (3) variable input quantity index; (4) 
nitrogen surplus (kgs), difference btw N input and N contained in 
desirable output; (5) phosphate surplus; (6) total energy content of all 
inputs; (6) year dummies. TC was modelled as non-smooth. 

 

Reinhard and Thijssen (2000) same as Reinhard et al. (1999) 

Fixed inputs (1) family labour hours; (2) capital is measured by a 
quantity index obtained similar to output.                                      
Variable inputs price (1) intermediate input price index; (2) purchased 
concentrates and roughage $ (3) nitrogen fertilizer $; (4) time trend. 
TC was modelled as smooth and non-neutral.              

Battese & Coelli (1995) inefficiency effects model: 
(1) age ; (2) years of experiences; (3) education 
dummy of the farm manager; (4) milk production 
per cow; (5) intensity; (6) no. of dairy cows; (7) 
dummies for soil type; (8) regional dummies 

Cuesta (2000) 
milk produced (thousands of 
litres) 

(1) average no. of milking cows, cows was argued to be used as proxy 
for capital; (2) total labour measured in FTEs; (3) total farm area 
(hectares); (4) concentrate feedstuffs given to milking cows (tons); (5) 
year dummies. TC was modelled as non-smooth. 

 

Brummer and Loy (2000) Revenue from dairy production 

(1) family labour FTEs; (2) capital measured by annual depreciation; (3) 
land used for pasture and feed crop (hectares); (4) spending on 
intermediate inputs include paid employees; (5) milk quota (in kgs); (6) 
time trend. TC was modelled as smooth and non-neutral. 

 (1) - (6)  same inputs variables used in the 
production frontier;  (7) dummies for how long 
they have been in FCP; (9) no. of cows; (10) age of 
the farm manager 
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Studies Focus Data Functional Form Mean TE 

Mbaga et al. (2003) 
Gauge the robustness of TE estimates with 
respect to the selection of a functional form 
and distributional assumptions 

Cross section of 1143 Canada dairy farms in 
1996 

Cobb-Douglas     
Translog        

Generalized Leontief 
91%-96% 

Pierani and Rizzi (2003) 
Estimate a short-term specification of the 
symmetric generalized McFadden cost function 

Balanced panel of 41 Indian dairy farms in 1980-
1992 

Symmetric Generalized 
McFadden 

Cost Efficiency (CE): 66% 

Saha and Jain (2004) 
Measure efficiency of the small holder dairy 
farms  

Cross section of 180 Indian Haryana dairy farms 
in 2000/01 

Cobb-Douglas  91% 

Lawson et al. (2004a) 
Investigate relationships between TE and 
Lameness, metabolic and digestive disorders 

Cross section of 574 Danish dairy farms in 1997 Translog 94.5% 

Lawson et al. (2004b) 
Investigate relationships between TE and 
reproductive disorders 

Cross section of 514 Danish dairy farms in 1998 Translog 93% 
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Studies Output Inputs and/or Input price  
Variables used to model Technical Inefficiency                                  

Battese and Coelli (1995) 

Mbaga et al. (2003) 
milk (hectolitres) per cow, 
adjusted for butterfat content 

per cow term (1) total labour FTEs; (2) capital as measured by total 
value of assets; (3) average weight of dairy cows; (4) feed 
concentrates consumed (kgs); (5) forage consumed (kgs) 

 

Pierani and Rizzi (2003) 
Costs of purchased feed, other 
intermediate inputs and hired 
labour 

(1) milk output value $; (2) hired labour FTEs; (3) purchased feed $; (4) 
other intermediate inputs $; (5) quasi-fixed family labour FTEs; (6) 
quasi-fixed capital value, include land, breeding livestock, machinery 
and buildings; (7) time trend. TC was modelled as smooth-linear.                                                           
Inputs Price (1) price index of feeds; (2) price index of other inputs; (3) 
wage of hired labour; (4) capital price: depreciation plus interest 

 

Saha and Jain (2004) milk produced per cow 

per cow term (1) hired labour for management; (2) unpaid family 
labour for management; (3) depreciation and interest on fixed assets; 
(4) index for green fodder; (5) index for dry fodder; (6) index for 
concentrate; (7) cost of veterinary expenses; (8) cost of miscellaneous 
expenses. 

 

Lawson et al. (2004a) milk delivered to plant 

(1) no. of cows; (2) labour hours exclude feed production; (3) other 
expenses represents depreciations, maintenance; (4) concentrate 
(1000 feed units); (5) roughage (1000 feed units); (6) sum of variable 
expenses;  

 (1) treatment reporting risks for lameness; (2) 
risks for ketosis; (3) risks for milk fever; (4) risks for 
digestive disorder; (5) disease treatment incidence 
risk; (6) calving interval; (7) cow age at first 
calving; (8) replacement rate; (9) cull rate; (10) age 
of the farmer 

Lawson et al. (2004b) 
energy corrected milk produced 
(1000kg) 

(1) no. of cows; (2) labour hours exclude feed production; (3) other 
expenses represents depreciations, maintenance; (4) concentrate 
(1000 feed units); (5) roughage (1000 feed units); (6) sum of variable 
expenses;  

(1) dummies for breeds; (2) dummies for different 
reproductive disorders; (3) age of the farmer; (4) 
replacement rate; (5) calving interval; (6) cow age 
at first calving 
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Studies Focus Data Functional Form Mean TE 

Moreira and Bravo-Ureta 
(2003) 

Measure TE and Technological Change  
Highly Unbalanced Panel - 48 Chile dairy farms in 
1996/97-2001/02 (92 obs). A farm is observed 1.9 
times on average.  

Cobb-Douglas 69% -77%  

Moreira and Bravo-Ureta 
(2010) 

Stochastic Meta Frontier analysis of TE and 
technological gap of dairy farms in 3 
southern American countries 

Unbalanced Panel                                             
Argentina: 46 farms in 1998, 2000 and 2002 (82 obs)                                                                           
Chile: 48 farms in 1997, 1999, 2000-2002 (92 obs)                                                                             
Uruguay: 70 farms in 2000-2003 (147 obs) 

Translog 
Argentina: 73%                       

Chile: 66%                    
Uruguay: 73% 

Kompas and Che (2006) 
Technology choice and efficiency of 
Australian dairy farms 

Highly Unbalanced Panel - 252 Australian dairy 
farms in NSW and Victoria 1996, 1998 and 2000 (415 
obs). A farm is observed 1.6 times on average.  

Cobb-Douglas 
NSW: 88%                            
Vic: 87%  

Hadley (2006) 
Efficiency of 8 different types of farms in 
UK  

Unbalanced Panel - 1431 UK dairy farms in 1982-
2002 (10,597 obs) 

Translog 90% 

Wang (2002)  
Parameterizing both the variances of the 
error terms and the truncated mean 

Unbalanced panel of 34 Indian dairy farms in 1976-
1985 (271 obs) 

Cobb-Douglas 
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Studies Output Inputs  
Variables used to model Technical Inefficiency                                  

Battese and Coelli (1995) 

Moreira and Bravo-Ureta 
(2003) 

milk produced (litres) 
(1) average no. of dairy cows; (2) total labour value $ (3) purchased 
feed value $ (4) dummies for each year; (5) dummies for agro-climate 
zones; (6) year dummies 

Battese and Coelli (1992) time-varying decay 
inefficiency model 

Moreira and Bravo-Ureta 
(2010) 

milk produced (litres) 
(1) no. of dairy cows; (2) total labour FTEs; (3) costs of purchased feed 
and on-farm production; (4) expenditures on veterinary services; (5) 
time trend. TC was modelled as smooth and non-neutral. 

 

Kompas and Che (2006) Revenue from milk and cattle sold 

(1) no. of dairy cows; (2) farm area (ha) including land owned plus land 
leased; (3) total labour measured as weeks worked for the owner-
operator; (4) expenditures on fodder and purchases of non-tree and 
vine crops; (5) expenditures on Materials and Services, such as 
fertilizer, fuel, chemicals, drainage and water etc.; (6) capital 
measured by the current value of plant, buildings, machinery, vehicles, 
include the dairy shed and irrigation system 

 (1) area of farm utilized by the milking herd; (ha); 
(2) no. of cows milked at peak time; (3) a dummy 
for each shed technology: Walk-through, Swing-
over, Herringbone and Rotary; (4) proportion of 
the total area irrigated; (5) feeding concentration 
average. 

Hadley (2006) 

sum of value from all agricultural 
enterprises (include subsidies and 
grants, but exclude income from 
non-crop or non-livestock 
activities) 

(1) average no. of livestock; (2) hours of family and managerial labour; 
(3) hours of hired labour; (4) capital measured by summing 
maintenance and running costs, depreciation charges and interest on 
capital stock; (5) expenditure on feed; (6) expenditure on veterinary 
services; (7) other costs include electricity, heating fuel, etc. plus crop 
costs; (7) size of quota (hectolitres); (8) demise of the Milk Marketing 
Board 1995 onwards dummy; (9) 1993 onwards CAP Reform dummy; 
(9) year 2001 dummy for foot and mouth disease; (10) 1996 onwards 
BSE dummy; (11) time trend. TC was modelled as smooth and non-
neutral. 

 (1) a linear time trend; (2) debt to asset ratio; (3) 
interest and rent paid to gross margin ratio 
(measure financial stress); (4) subsidies to gross 
margin ratio; (5) farmer age; (6) suited in a less 
favoured area dummy; (7) utilised agricultural 
area (hectares); (8) average no. of livestock; (9) 
rented land ratio; (10) ratio of farm revenue 
derived from livestock enterprise (measure 
specification); (11) 1996 onwards BSE dummy; (12) 
6 regional dummies 

Wang (2002)  total value of output $ 

(1) total labour hours; (2) bullock labour hours; (3) total operated land; 
(4) % of irrigated land; (5) $ other inputs, include fertilizer, manure, 
pesticides, machinery etc. (6) time trend. TC was modelled as smooth-
linear. 

(1) age of the operator; (2) years of formal 
schooling of the operator; (3) linear time trend. 
The same variables were used to model the 
variances of the two error terms.  
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Studies Focus Data Functional Form Mean TE / CE 

Hadri and Whittaker (1999)  
Investigate relationships between farm size & 
TE, and the use of agrochemicals & TE 

Balanced Panel of 35 South West of England 
dairy farms in 1987-1991 

Cobb-Douglas 89% 

Karagiannis et al. (2002) 
Propose a model to separate technical change 
from time-varying technical inefficiency using a 
general index approach 

Unbalanced Panel - 242 UK  Dairy farms in 
1982-1992 (2147 obs) 

Translog 63%-86% 

Abdulai and Tietje (2007) 
Examine the unobserved heterogeneity 
problem associated with u by estimating 7 
different production frontier models.   

Balanced Panel of 148 Northern Germany dairy 
farms in 1997-2005. 

Translog 68%-95% 

Hailu et al. (2005) 
Estimate a Stochastic Cost Frontier (SCF) with 
and without local concavity imposed 

Unbalanced Panel of Alberta and Ontario dairy 
farms 1984-1996 (1943 obs) 

Translog CE: 88%-89% 

Revoredo Giha (2006) 

A system of cost and cost share equations 
were estimated for all 5 types of farms. Cost 
efficiency was treated as fixed effects.  
Empirical models were not stated. 

Unbalanced Panel of 358 Scottish dairy farms 
1997-2004 (50 dairy), a farm stays for at least 5 
years in the data. 

Translog CE: 58% 

Alvarez et al. (2008) 
Firstly classified the sample according to their 
level of intensification using a cluster analysis. 
Then a separate SCF estimated for each group. 

Balanced Panel of 224 Asturias dairy farms from 
1999 to 2006. 

Translog 
CE Extensive: 72%                            
CE Intensive: 81%  
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Studies Output / Costs Inputs / Inputs price  
Variables used to model Technical Inefficiency                                  

Battese and Coelli (1995) 

Hadri and Whittaker (1999)  revenue from milk and crops 

(1) total costs of labour; (2) total costs of feed and seeds; (3) 
maintenance, rates and overhead costs; (4) costs of fertilizer and crop 
protection; (5) livestock capital flow; (6) land area (hectares); (7) 
percentage of land devoted to non-forage crops; (8) time trend. TC 
was modelled as smooth-linear. 

Battese & Coelli (1992) time varying decay 
inefficiency model and Battese & Coelli (1995) 
inefficiency effects model: (1) land area (hectares); 
(2) costs of fertilizer and crop protection (3) 
percentage of land devoted to non-forage crops; 
(4) linear time trend 

Karagiannis et al. (2002) milk produced (hectolitres) 
(1) no. of dairy cows; (2) total labour measured in hours; (3) total farm 
area (hectares); (4) spending on intermediate inputs  

Abdulai and Tietje (2007) revenue from dairy production 
(1) no. of livestock; (2) livestock expenditure; (3) labour hours; (4) 
farming land (hectares); (5) expenditure on feed; (6) year dummies 

(1)-(5) inputs; (6) age and age^2; (7) education of 
the farm manager; (8) off-farm employment 

Hailu et al. (2005) 

Cost per cow. Cost represents the 
sum of expenditures for feed, 
labour, capital and intermediate 
inputs. 

(1) labour price: wage rate obtained from CANSIM, common to all 
farms in the same year; (2) capital price: a service price of capital was 
calculated, Fished index used for aggregation; (3) feed price: Fisher 
price index; (4) intermediate input price: Fisher price index by 
combining price indices of the individual components; (5) year 
dummies 

 province dummy 

Revoredo Giha (2006) 
Costs on materials, purchased 
services, labour and capital. 

Defra's input price indices for the UK 
Cost efficiency estimates were regressed on a set 
of possible explanatory variables by linear 
regression. 

Alvarez et al. (2008) Average costs per litre of milk. 
No statements about how they obtain prices for feedstuffs and herd, 
the only two inputs used in the SCF. TC was modelled as smooth linear 
(a time trend) and a dummy for year 2003. 
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Appendix C: Sample Statistics by Year 
 

aggregates 

 

Year Region 
Milksolids 

(kgs) 
No. of 
cows 

Labour 
(hours) 

Assets 
(000s $) 

Veterinary 
$ 

Feed    
$ 

Fertilizer 
$ 

Electricity 
$ 

   

       
  

1999 Pool 61,044 218 4,902 1,479 14,883 35,144 24,486 4,657 

 North 57,693 210 4,822 1,453 14,258 32,905 22,622 4,435 

 South 95,785 295 5,735 1,748 21,364 58,354 43,819 6,955 

   

       
  

2000 Pool 66,174 217 4,420 1,577 14,936 32,263 23,978 4,796 
 North 62,050 209 4,306 1,555 14,101 29,824 22,540 4,491 

 South 95,045 275 5,220 1,736 20,780 49,333 34,045 6,935 

   

       
  

2001 Pool 78,563 249 5,084 1,733 19,782 44,145 35,510 5,413 
 North 69,811 226 4,660 1,658 17,361 35,902 31,444 4,707 

 South 134,964 397 7,817 2,218 35,388 97,264 61,711 9,962 

   

       
  

2002 Pool 75,738 236 5,026 1,908 19,416 40,299 32,567 5,026 
 North 68,182 218 4,714 1,807 17,314 35,152 28,877 4,663 

 South 116,494 335 6,708 2,447 30,757 68,058 52,467 6,987 

   

       
  

2003 Pool 87,479 267 5,642 2,474 19,619 48,041 30,721 6,726 
 North 79,157 247 5,139 2,340 17,481 41,848 27,512 5,059 

 South 136,856 385 8,624 3,273 32,309 84,787 49,761 16,619 

   

       
  

2004 Pool 97,138 282 5,603 2,877 20,927 53,895 31,993 6,700 
 North 89,940 268 5,263 2,822 19,758 48,991 29,356 5,371 

 South 140,097 367 7,628 3,205 27,905 83,169 47,731 14,632 

   

       
  

2005 Pool 96,888 296 5,601 3,220 21,725 59,760 36,819 6,692 
 North 90,833 286 5,233 3,151 20,533 51,616 34,986 5,548 

 South 128,545 352 7,524 3,581 27,961 102,337 46,406 12,672 

   

       
  

2006 Pool 117,267 337 6,245 4,474 24,201 69,441 35,932 8,974 
 North 91,259 280 5,337 3,749 19,572 49,946 29,289 5,217 

 South 181,839 477 8,499 6,274 35,693 117,843 52,426 18,304 

   

       
  

2007 Pool 119,508 339 6,170 4,843 25,235 69,689 37,368 8,106 
 North 97,750 291 5,485 4,294 21,662 53,561 30,394 5,665 

 South 178,205 467 8,018 6,322 34,873 113,198 56,182 14,690 
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per cow term 

 

Year Region 
milksolids 
kgs/cow 

labour 
hrs/cow 

assets 
$/cow 

veterinary 
$/cow 

feed 
$/cow 

fertilizer 
$/cow 

electricity 
$/cow 

    
      

  

1999 Pool 275.04 24.49 7,101 70.14 150.33 109.86 22.46 

  North 270.77 24.8 7,191 69.99 147.23 106.71 22.12 

  South 319.39 21.25 6,167 71.68 182.42 142.51 25.94 

    
      

  

2000 Pool 300.45 22.39 7,649 70.84 146.47 108.99 22.68 

  North 294.43 22.64 7,794 70.2 144.27 106.99 22.33 

  South 342.55 20.63 6,631 75.36 161.89 122.98 25.14 

    
      

  

2001 Pool 314.16 22.14 7,342 79.84 167.19 138.7 22.58 

  North 309.89 22.45 7,591 78.72 157.37 135.22 22.32 

  South 341.66 20.13 5,738 87.05 230.5 161.09 24.2 

    
      

  

2002 Pool 320.9 23.3 8,560 81.41 167.93 133.04 22.3 

  North 314.6 23.6 8,609 79.63 160.01 129.93 22.2 

  South 354.88 21.67 8,292 91.01 210.64 149.85 22.86 

    
      

  

2003 Pool 324.97 22.55 9,805 74.28 170.88 110.62 23.53 

  North 320.25 22.01 9,959 72.4 165.56 107.31 21.38 

  South 352.95 25.74 8,892 85.38 202.43 130.28 36.31 

    
      

  

2004 Pool 343.39 21.42 10,872 74.56 187.23 109.09 23.24 

  North 337.1 21.06 11,130 74.18 179.55 107.47 20.74 

  South 380.96 23.58 9,334 76.85 233.01 118.81 38.21 

    
      

  

2005 Pool 329.94 20.72 11,843 75.65 208.19 123.12 22.38 

  North 322.08 19.9 11,995 74.27 186.84 122.79 20.18 

  South 371.04 25.05 11,048 82.89 319.85 124.84 33.89 

    
      

  

2006 Pool 343.52 19.54 13,600 72.09 195.86 107.81 22.9 

  North 326.17 19.73 13,646 69.78 174.09 104.31 18.69 

  South 386.61 19.06 13,485 77.81 249.92 116.53 33.34 

    
      

  

2007 Pool 349.4 19.39 14,799 74.56 194.68 108.7 22.22 

  North 338.2 19.72 15,250 74.72 180.93 102.63 19.54 

  South 379.62 18.53 13,582 74.15 231.79 125.06 29.43 
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farm characteristics 

 

Year Region farm size shed intensity irrigation 

    
   

  

1999 Pool 0.66 1.04 2.66 0.13 

  North 0.60 1.03 2.70 0.09 

  South 1.26 1.21 2.26 0.53 

    
   

  

2000 Pool 0.64 1.07 2.52 0.10 

  North 0.57 1.05 2.53 0.07 

  South 1.15 1.19 2.44 0.31 

    
   

  

2001 Pool 0.78 1.10 2.61 0.12 

  North 0.66 1.06 2.63 0.07 

  South 1.50 1.36 2.49 0.44 

    
   

  

2002 Pool 0.77 1.09 2.67 NA 

  North 0.66 1.07 2.69 NA 

  South 1.36 1.21 2.56 NA 

    
   

  

2003 Pool 0.93 1.12 2.74 0.18 

  North 0.84 1.08 2.74 0.08 

  South 1.47 1.33 2.70 0.80 

    
   

  

2004 Pool 0.95 1.14 2.76 0.20 

  North 0.87 1.10 2.77 0.06 

  South 1.44 1.34 2.74 1.00 

    
   

  

2005 Pool 0.96 1.13 2.76 0.21 

  North 0.92 1.09 2.77 0.08 

  South 1.14 1.31 2.71 0.86 

    
   

  

2006 Pool 1.26 1.22 2.75 0.17 

  North 1.11 1.13 2.75 0.06 

  South 1.64 1.43 2.72 0.47 

    
   

  

2007 Pool 1.23 1.22 2.76 0.20 

  North 1.10 1.12 2.79 0.08 

  South 1.59 1.48 2.67 0.55 

      



77 

 

Appendix D: Estimation results for non-smooth technological change effects 
 

Stochastic Frontier Estimates for non-smooth technological change 

Variables  Parameters Pooled   North   South   

           

one 0  4.3825 *** 4.4122 *** 4.6236 *** 

labour/cow 1  0.0192 * 0.0160  0.0148   

dairy assets/cow 2  0.0447 *** 0.0423 *** 0.0864 *** 

veterinary/cow 3  0.0938 *** 0.0869 *** 0.0769 *** 

feed/cow 4  0.0726 *** 0.0651 *** 0.0637 *** 

fertilizer/cow 5  0.0131 *** 0.0123 *** 0.0181 *** 

electricity/cow 6  0.0315 *** 0.0294 *** 0.0143 ** 

           

year2000 7  0.0525 *** 0.1099 *** 0.0222   

year2001 8  0.0735 *** 0.1358 *** -0.0749   

year2002 9  0.0805 *** 0.1390 *** -0.1155   

year2003 10  0.0867 *** 0.1640 *** -0.1887 ** 

year2004 11  0.1033 *** 0.2065 *** -0.1541   

year2005 12  0.0972 *** 0.1453 *** -0.2439 ** 

year2006 13  0.1048 *** 0.1605 *** -0.2372 * 

year2007 14  0.1117 *** 0.1851 *** -0.2723 ** 

          

        

one 0  0.1850  0.2211  0.4469 *** 

farm size 1  -0.4474 *** -0.2616 *** -0.0362 ** 

shed 2  -0.2029 *** -0.1331 * 0.0048   

intensity 3  -0.1888 *** -0.6268 *** 0.0435 ** 

t  4  -0.1260 *** -0.0038  -0.0644 *** 

        

 
222

uv    0.1424 *** 0.1692 *** 0.0177 *** 

 
22 / u  0.9181 *** 0.9406 *** 0.8203 *** 

                

  Mean TE 0.9239  0.9236  0.8374   

                

  
Log Likelihood 
Function 1223.5348  1101.7690  296.5790   

           

  
LR test of the 
one-sided error 229.7281   254.8133   41.6247   

year 1999 is the benchmark  
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Descriptive Statistics and Frequency Distribution of TE and TGR Estimates 

Non-smooth technological change 

STATS  NorthTE  NorthTGR  *

NorthTE  *

southsouth TETE   

       

mean 0.9236 0.7741 0.7154 0.8374 

sd 0.0519 0.1021 0.1050 0.1119 

min 0.4143 0.5670 0.2773 0.4845 

max 1 0.9953 0.9632 0.9829 

     

level     

0.9 -1.0 1365 (79.5%)   116 (6.8%) 19 (1.1%) 137 (38.6%) 

0.8 - 0.9 301 (17.5%) 808 (47.1%) 386 (22.5%) 98 (27.6%) 

0.7 - 0.8 37 (2.2%) 412 (24.0%) 615 (35.8%) 68 (19.2%) 

0.6 - 0.7 7 (0.4%) 197 (11.5%) 385 (22.4%) 44 (12.4%) 

below 0.6 7 (0.4%) 184 (10.7%) 312 (18.2%) 8 (2.3%) 

 

 

 

Sub-Regional Sample Average 

 

North Island Region (1999-2007) TE TGR TE* Count 
  

   
  

Northland 0.8963 0.7729 0.6928 267 
Waikato 0.9316 0.7999 0.7462 617 
Bay of Plenty 0.9305 0.7346 0.6841 298 
Taranaki 0.9256 0.7656 0.7087 330 
Lower North Island 0.9220 0.7688 0.7082 205 

 

South Island Region (2006-2007) TE=TE*  Count 
  

 
  

West Coast-Tasman 0.9052 43 
Marlborough-Canterbury 0.9112 37 
Otago-Southland 0.9384 64 
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Appendix E: NZ Dairying Regional Map 
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Appendix F: Wilcoxon-Man-Whitney Tests of Equal Means 
 

     Null Hypothesis: the average TE in each sub-region is NOT statistically different from the other 

        Northland Waikato Bay of Plenty Taranaki Lower North Island 

Northland NA *** *** *** *** 

Waikato _ NA x x  x 

Bay of Plenty _ _ NA x  x  

Taranaki _ _ _ NA x 

Lower North Island _ _ _ _ NA 

      
  West Coast Tasman 

Marlborough 
Canterbury Otago - Southland 

  West Coast 
Tasman NA *** *** 

  Marlborough 
Canterbury _ NA *** 

  Otago - Southland _ _ NA 

  

      

     Null Hypothesis: the average TGR in each sub-region is NOT statistically different from the other 

        Northland Waikato Bay of Plenty Taranaki Lower North Island 

Northland NA *** *** x x 

Waikato _ NA *** *** ***  

Bay of Plenty _ _ NA *** ***  

Taranaki _ _ _ NA x 

Lower North Island _ _ _ _ NA 

 

Null Hypothesis: the average TE* in each sub-region is NOT statistically different from the other 

        Northland Waikato Bay of Plenty Taranaki Lower North Island 

Northland NA *** * * x 

Waikato _ NA *** *** *** 

Bay of Plenty _ _ NA ***  ***  

Taranaki _ _ _ NA x 

Lower North Island _ _ _ _ NA 

     ***can reject the null hypothesis at the 1% significance level;  ** at the 5% significance level;  *at the 10% significance level                
x

 cannot reject the null hypothesis at conventional significance levels 
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Chapter IV: Cost and Input Efficiency of New Zealand Dairy Farms: 
A Stochastic Cost Frontier Approach 

 

 

Abstract 
 

Technical efficiency evaluation alone only reveals how well farms utilize the physical 

production process; there is a need to closely examine the cost efficiency performance of 

NZ dairy farms that also addresses the management of financial resources. This chapter 

utilized an unbalanced panel data with 701 dairy farms in the North Island and 123 dairy 

farms in the South Island observed over the period 1999-2005 to assess how well NZ 

dairy farming does in terms of producing a given level of output at minimum cost. The 

approach applied is benchmarking each individual farm‟s production cost in the short run 

against a common estimated simplified translog stochastic cost frontier. And this 

stochastic cost frontier was estimated independently for each region in order to 

accommodate technological differences. To the best of our knowledge, such cost 

efficiency analysis has never been done for NZ dairying before. Average cost efficiency 

is estimated to be around 83 percent for the North Island dairy farms and 80 percent for 

the South Island, relative to their own stochastic cost frontier. Analysis of the relationship 

between inefficiency and farm specific factors found capital intensiveness, livestock 

quality and farm size have significant effects on cost efficiency performance. And input 

efficiency, defined in this study as the ratio of the expected input demanded at the cost 

efficient input bundle (conditional on output and fixed capital) to observed use of that 

input, was computed for each observation. Results suggest there is considerable 

underemployment of labour and over application of fertilizer in average NZ dairy farms. 

 

Key words: NZ dairy farming, stochastic cost frontier, cost efficiency, input efficiency. 
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4.1 Introduction 
 

 

DairyNZ, the industry good organization, representing NZ dairy farmers and funded by a 

levy on milksolids, uses a Tornqvist index total factor productivity approach to measure 

farm productivity change over time (DairyNZ, 2009). As mentioned in chapter II, 

productivity is a ratio of the output(s) to input(s). There is no doubt about the importance 

of increasing productivity as it directly links to increased competitiveness and profit. 

Nonetheless, when the room to achieve better on farm economic outcome through 

productivity improvement is limited in the absence of continuous scientific innovation, 

investigating dairy farming‟s existing efficiency performance might shed light on the 

extent to which profit can be increased by improving current practices.  

 

The previous chapter focused on investigating the technical efficiency performance of NZ 

dairy farms, but the ability to transform input(s) into output(s) only reveals the existing 

physical production technology utilization, the financial aspects of production are not 

addressed. Ensuring and enhancing farm profitability requires effective management of 

both financial and physical resources (DairyNZ, 2011).  

 

For a dairy farm, with a profit maximizing business objective, effectively utilizing 

physical resources is essential. Correctly identifying the optimal input and output mix at 

current market prices is also a part of the decision making process that is nowhere less 

important than the physical production planning. The success of achieving the best 

economic outcome hinges on both and can be measured by profit efficiency, which is the 

ratio of maximum profit attainable to actual profit obtained.  

 

In the context of New Zealand dairying, the milk produced by about 97 percent of dairy 

farms is supplied to the Fonterra Co-operative, which is owned by the dairy farmers that 

supply the milk (MAF, 2003). The amount of milk each farm can supply is largely 

determined by the Fonterra shares they hold. Farmers are paid regularly for the milk they 

supply, based on an estimate of returns made from the milk. A final payment is made at 

the end of the season to reflect actual returns. This means at least in the short term, the 
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output level is targeted and milk price is taken as given, and there is not so much can be 

done on the revenue side. As a result, the objective of profit maximization is equivalent 

to cost minimization. Profit efficiency analysis can be replaced by cost efficiency analysis 

to address the extent to which NZ dairy farms are doing the best they can to maximize the 

economic returns from farming operations.  

 

Cost efficiency (CE) is the product of input-oriented technical and allocative efficiency. 

Input oriented technical efficiency (TE) measures the ability to produce a given level of 

output(s) with minimum input(s). Allocative efficiency (AE) measures the ability to 

produce a fixed level of output(s) with the input bundle that costs the least at current 

market prices.  

 

At the aggregate level, average CE is critical in predicting the future structure of dairy 

production following possible policy changes. At the industrial level, the long-run 

competitiveness of the industry in a generic commodity market like milk depends upon 

low cost of production. At the farm level, CE evaluation is crucial in signalling profit 

potential and identifying areas for improvement.  

 

The main objective of the paper is to evaluate the CE performance of NZ dairy farms, 

benchmarking a dairy farm‟s production cost against a common estimated best practice 

cost frontier, and investigating farm specific factors affecting efficiency performance. 

Upon the estimation of the cost frontier, “expected” conditional input demands are 

obtained for each farm using Shephard‟s lemma, which can be seen as the amounts of 

input a farm should use if it is fully efficient. This provides a framework to analyze the 

impact of certain policy changes on individual farm management structure and also can 

serve as the benchmark for evaluating the efficiency performance of a particular input. To 

the best of our knowledge, such sector specific cost and input efficiency analysis has 

never been done in NZ before.  

 

The rest of the paper is structured as the following: section 2 reviews the basic economic 

concepts for CE analysis along with the limited empirical literature that applies stochastic 
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cost frontiers (SCFs) to dairy farming. Section 3 elaborates the empirical model and 

summarizes the data utilized for estimation. Section 4 describes the estimation results and 

section 5 concludes the main findings, the associated policy implications and potential 

future research.  

 

4.2 Literature 
 

4.2.1 Cost function and efficiency measurements 
 

A production function describes the physical relationship between input(s) and output, 

when there is more than one input, firms decide on the mix of inputs they wish to use. It 

is most common to impose the assumption that firms make these decisions in order to 

minimize costs. If the input markets are perfectly competitive (i.e. individual firm is so 

small relative to the size of the market that it has no influence on input prices), a firm 

searches over all technically feasible input-output combinations and finds the input 

bundle that minimises the cost of producing a certain volume of output. Mathematically, 

the cost minimization problem for a firm with only one output can be written: 

)1()(min),( xfyxwywc thatsuch

x
  

where: ),,,( 21
 Kwwww   is a 1K  vector of input prices, with Kk ,,2,1   denotes 

inputs; ),,,( 21
 Kxxxx  is a vector of input quantities with the same dimension; y  is 

the output level and c  is a scalar that gives the minimum cost of producing output y  

when facing input prices w .  

 

A cost function expresses the minimum production cost (under the current technology) as 

a function of input market prices and output quantity. For a certain input prices vector 0w , 

a cost function describes the relationship between minimum production expenditure and 

output level. As demonstrated in figure 1, each firm must be on or above ),( 0 ywc  

(Kumbhakar and Lovell, 2000, p.33). The ratio of this minimum cost to actual cost is the 
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measurement for CE. For example, if minimum cost/actual cost = 80%, this means the 

firm can reduce production costs by 20% without affecting its output level.  

Figure 1: A Cost Frontier

y

$

c( w0, y)

0

 

 

Figure 2 further illustrates the idea by fixing the output level at 0y . Assume that firms 

use only two inputs x1 and x2 with market prices 1w  and 2w  respectively, to produce 

output 0y . The curve SS΄ represents the 0y  isoquant which defines the minimum 

combinations of inputs that can be used to produce this level of output.  An isocost line 

represents all input combinations that cost 2211 xwxwc  . AA΄ is the isocost line that 

is tangent to SS΄ at point Q' with vertical intercept 2wcA  and slope )( 21 ww . It is the 

minimum cost of producing output 0y  when using the optimal input bundle: *

1x  units of 

x1 and *

2x  units of x2.   

 

A firm that produces 0y  units of output and operates at point P will be fully technically 

efficient if it can successfully contract the inputs it used and operates on SS΄. Input 

oriented TE is measured by the ratio of 0Q over 0P, which indicates how well the 

physical production process is utilized. This firm will be fully cost efficient if it can 

further identify the mix of inputs that minimizes cost, i.e. operates at point Q'. AE is 
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therefore measured by the ratio of 0R over 0Q, which signals how well financial 

resources are utilized given existing market prices. 

Figure  2: Cost Efficiency
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One can apply the same logic to individual input usage. Input efficiency is measured by 

taking the ratio of the minimal amount of input that should be used, as given by the least 

cost input bundle, to the quantity of input actually used. For example, the firm operates at 

point P used 1x  and 2x units of each input respectively, its input efficiency performance 

can be measured by 1

*

1 xx  and 2

*

2 xx . This approach differs from Reinhard et al. (1999) 

and Reinhard et al. (2000), in which nitrogen surplus was treated as an environmentally 

detrimental input and nitrogen efficiency was defined in a stochastic production frontier 

context. It also differs from Reinhard and Thijssen (2000) which defines nitrogen 

efficiency at the input bundle that minimizes nitrogen use.  

 

Input efficiency measured in a cost frontier context incorporates a firm‟s ability to extract 

and use market information to organize production, therefore, provides additional criteria 

to be used to assess the firm‟s performance and directions for possible improvements. In 
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the above example, input x1 has an efficiency score greater than 1 and x2 has efficiency 

smaller than 1, implying this firm should substitute x2 for x1.   

 

The motivation for deriving this input efficiency measure is to quantify the externalities 

associated with the inefficient use of inputs having environmentally detrimental impacts. 

Agricultural productivity has increased rapidly since World War II in most Western 

countries as a result of technological development that enabled substitution of fertilizer 

and energy for labour (Oskam, 1991; Rutten, 1992). In dairy farming, most pollution is 

induced by excessive application of purchased feed and chemical fertilizer (Reinhard et 

al. 1999). A number of studies have analyzed policy alternatives for limiting fertilizer use, 

e.g. Burrell (1989), Oude Lansink and Peerlings (1997), Vatn et al. (1997) and Yadav et 

al. (1997). A tax on purchased inorganic fertilizer has been identified as the easiest option 

to reduce excess nitrogen in agriculture (Vatn et al. 1997).  

 

This chapter takes a totally different approach to this problem. Input efficiency, for 

fertilizer in particular, analyzes the possible reduction of pollution resulting from 

increasing efficiency of NZ dairy farms, this potential improvement in environmental 

performance does not come at the cost of distorting the market price and the best 

achievable economic outcome. 

 

4.2.2 Stochastic cost frontier 
 

The cost function can be estimated using data on observed cost, input prices and output 

quantity. The general form of the cost frontier model can be written: 

)2(,,2,1,,2,1);,,,,( 21 TtNiywwwcc itKitititit     

where: itc  is the observed cost of firm i in period t; kitw  is the k-th input price; ity  is the 

output volume and   is a vector of technological parameters to be estimated. The cost 

function (.)c  should satisfy the following properties for it to be seen as the solution of 

cost minimization problem in equation (1): nonnegative, nondecreasing in input prices 
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and output, homogeneous of degree one and concave in input prices (Coelli et al. 2005, 

p.23).  

 

The above cost function is deterministic as it ignores the fact that the minimum 

production cost allowed by current technology may be affected by random shocks outside 

the control of the operator. Especially for agricultural production, this kind of random 

shocks is very common and can exhibit non-negligible effects on production performance. 

As a result, a stochastic cost frontier can be written: 

)3(}exp{);,,,,( 21 ititKitititit vywwwcc   

where itv  is an independently and identically distributed random error component 

reflecting statistical noise, usually assumed to follow the standard normal distribution 

with zero mean and constant variances 2

v .  

 

The cost frontier in equation (3), with random error, is no longer deterministic, and is 

named stochastic cost frontier accordingly. Actual cost can be greater than the stochastic 

minimum production cost due to inefficiency and it can be written:  

)4(}exp{);,,,,( 21 itititKitititit uvywwwcc    

where itu  is the non-negative producer specific inefficiency error term that follows 

certain distributional assumptions. If the firm is 100% efficient, this inefficiency error 

term will be zero and it is operating on the stochastic cost frontier. The measurement of 

cost efficiency in a stochastic frontier context is provided by the ratio of the stochastic 

frontier cost to the actual cost: 

)5(}exp{
}exp{}exp{);,,,,(

}exp{);,,,,(

21

21
it

itititKititit

ititKititit
it u

uvywwwc

vywwwc
CE 








 

 

The parameters of the stochastic cost frontier can be estimated consistently by maximum 

likelihood (ML) providing that itv  and itu  are distributed independently of each other 
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and of the regressors. Producer specific cost efficiency can be estimated by the Battese 

and Coelli (1998) point estimator: 

)6(])exp([ itititit uvuECE   

 

4.2.3 Application of stochastic cost frontier to dairy farming 
 

The literature of cost efficiency analysis is relative scarce, and to the best of our 

knowledge, has never been done in NZ, despite the rich information it can deliver. This is 

mainly a result of difficulties with data. Unlike estimating a production frontier using 

data on the quantity of output and inputs used by firms, cost frontier estimation requires 

data on the input prices paid by each firm, and there has to be variation on the price data. 

The problem is that either firms pay the same price for common factors of production due 

to market competition, or if they don‟t, then price data are confidential and hard to obtain.  

 

Early application of stochastic cost frontier analysis to dairy farming industry began with 

Dawson (1987), a cross-section of 406 dairy farms observed in 1985 for the England and 

Wales‟s dairy sector was used. But the cost frontier estimated in Dawson (1987) was 

implied by the Cobb-Douglas production function under the “dual property” and was 

used for evaluating solely TE performance;
 30

 hence it was just a function of output only 

when input prices were hypothesized to be invariant across farms. Another early 

application was Rieger and Bravo-Ureta (1991), which used a cross-section of 511 New 

England dairy farms for the year 1984. In contrast to Dawson (1987), Rieger and Bravo-

                                                

30Schmidt and Lovell (1979) showed that if firms minimize production cost: 
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Ureta (1991) estimated a Cobb-Douglas stochastic production frontier and recovered the 

corresponding cost frontier with the “dual property”.  

 

None of the above applications used a direct SCF approach and they all assumed the 

underlying production technology was Cobb-Douglas in order to apply the “dual 

property”. Unfortunately the constant elasticities and returns to scale properties embodied 

in the Cobb-Douglas functional form are too restrictive and limit the scope of the studies.  

 

Following the reforms of the European Union Common Agricultural Policy, experts in 

the farming sector predicted a reduction in milk prices paid to farms in Europe (Hennessy 

et al. 2005). This set the stage for cost efficiency studies aimed at improving the 

survivability of dairy farms. Revoredo Giha et al. (2006) estimated a translog SCF based 

on an unbalanced panel of 358 Scottish farms (50 of them are dairy farms) over the 

period 1998 to 2004;
31

 the data came from the Farm Accounts Data Network, which 

monitors farm performance across the EU. Similar with other data of this kind, actual 

paid input prices were not recorded. Defra‟s input price indices for the UK were used for 

most of the inputs, except for labour.
32

 Multiple outputs were accommodated into the 

translog cost frontier.
33

 The cost inefficiency error term was modelled as a farm specific 

fixed effects as in Kumbhakar and Lovell (2003, p.97-100; p.170) which varied across 

farms but not across time. Possibilities of technological change (TC) as well as on farm 

efficiency improvements over time were not considered.  

 

The resulting CE for Scottish dairy farms during the period was estimated to be 58% on 

average with a mode (i.e. the most typical value) in the range of 40% to 45%, relative to 

all other types of farms. This study further regressed the estimated individual farm‟s CE 

                                                
 
31 There are five types of farms in the sample: dairy, specialist sheep, cattle and sheep, cereals and general 

cropping, and mixed farms.  

 
32 Those input price indices are for three groups: materials (feed, fertilizer, etc.), purchased services (e.g. 

contract work, crop protection costs, etc.) and capital (rent and depreciation).  

 
33 Eight outputs were considered: cereals, potatoes, oilseed rape, cattle, sheep, milk & milk products, wool 

and eggs.  
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score against a set of possible explanatory variables; results indicated a significant 

negative relationship between farm size, specialization level and CE performance. In 

other words, the larger the farm/the higher the specialisation level, the lower the relative 

cost efficiency. Meanwhile, partnership with family members and the use of a personal 

computer for business were found to have positive influences on CE performance.  

 

Because different types of farms have different production processes, therefore possibly 

different farm management systems, assuming the same production technology (i.e. 

estimating a single cost frontier) across various types of farms might not be a valid 

approach. Separate cost frontiers for each type of farm would suit the data better. 

 

Alvarez et al. (2008) conducted a SCF analysis to examine the effects of intensification 

on farm efficiency performance with a balanced panel of 224 dairy farms located in 

Asturias, Spain, over an 8-year period from 1999 to 2006.
34

 A cluster algorithm was used 

first to assign each observation to either the intensive production system group or the 

extensive system group based on 4 separation variables: milk/cow, milk/hectare, 

feed/cow and cows/hectare. An independent translog SCF was then estimated for each 

group using ML and the resulting farm efficiency performance was benchmarked against 

the corresponding frontier. The average total cost per litre of milk was treated as the 

dependent variable and only 2 inputs, feed and herd size, were incorporated into the 

frontier. It was not clear how the price data were obtained. They may have used a similar 

index as in Revoredo Giha et al. (2006) or this information was actually available in the 

dataset. It is not clear why other major inputs, such as labour and fertilizer, were not 

considered. 

 

Alvarez et al. (2008) found that the extensive farms have a lower cost frontier (i.e. at any 

production level, an efficient extensive farm could produce at a lower average cost than 

                                                
34 In recent decades, the dairy sector has shown a global tendency toward intensification. New Zealand is 
no exception, since 1982, the number of cows on an average NZ dairy farm has increased by 182%, from 

130 to 366. Meanwhile, the average effective milking hectares only increased by 108% from 63 to 131 

hectares. The resulting stocking rate (i.e. intensification level) increased from 2.1 cows per hectare to 2.8 

cows per hectare on average.  
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an efficient intensive farm). However, the average cost efficiency was only 72% for the 

extensive farms and 81% for those intensive farms. The results in this study should be 

interpreted with extra caution as the efficiency scores estimated under different frontiers 

can not be compared with each other. Efficiency is a relative concept, relative to others 

using the same technology. Alvarez et al. (2008)‟s results do not imply the effect of 

intensification on dairy farming is positive, they only suggest that farms employing an 

intensive farming system operate closer to their own cost frontier on average. Another 

possible explanation could be that at the first stage, when the observations were clustered 

into two groups, the intensive group contains more homogeneous farms than the 

extensive group so that it has higher average cost efficiency.  

 

Outside the EU, Hailu et al. (2005) applied a translog SCF to a panel of Canadian 

Alberta and Ontario dairy farms for the period 1984-96. By extending the work of Ryan 

and Wales (1998; 2000), local concavity constraints were imposed prior to frontier 

estimation. This procedure involves imposing negative semi-definiteness on the Hessian 

matrix at some reference point, through reparameterization and subsequent check on the 

percentage of violation. The size and signs of the estimated elasticities differs between 

with and without imposing the curvature condition, contrary to the CE rankings, which 

are relatively unaffected.  So this study implicitly suggests that if one‟s objective is to 

estimate CE only, violation of concavity may not be a serious concern. However, if 

investigating elasticity related concepts is also part of the research, then the regularities of 

the estimated frontier need to be checked and reasonably satisfied.  

 

The resulting price elasticities for feed, labor, other inputs and capital are -1.2, -0.78, -

3.14 and -0.68, respectively. The elasticity of scale ranges from 1.39 and 2.92, with a 

mean of 1.852. Estimated CE falls between 41% and 97% and the average efficiencies 

are 84% and 92% for Alberta and Ontario respectively. Time dummies were used to 

capture the year effects and served as an indication of the potential technical progress 

(non-smooth TC) in the frontier. The results show significant positive TC.  
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The two provinces were assumed to share the same SCF in Hailu et al. (2005); provincial 

differences were captured in the one-sided inefficiency error term, which was modelled 

according to Battese and Coelli (1995) as a nonnegative truncation of the normal 

distribution with constant variances and mean as a function of a provincial dummy. So 

the inefficiency error was invariant across time as well as farms in the same province. The 

effects of other farm specific factors on efficiency performance and possible individual 

farm efficiency improvement over time as a result of knowledge accumulation were not 

considered.  

 

Finally Pierani and Rizzi (2003) estimated a symmetric generalized McFadden cost 

function for a panel of Italian dairy farms and Reinhard and Thijssen (2000) developed a 

shadow cost system to evaluate the efficiency performance of Dutch dairy farms. Their 

approaches have not received much empirical attention due to its complexity and the 

requirement for a panel of dairy farms with relatively large T.
35

 

 

4.3 The Empirical Model 
 

 

The traditional NZ dairying region is the North Island which is still the major dairy 

farming area today with 66% of the national cows, mainly located in Waikato and 

Taranaki (LIC, 2009). Climate in this region is subtropical, with consistent year-round 

rainfall about 1,200mm and temperature averages approximately 14°C (NIWA, 2009). 

These climatic conditions and fertile soils make it one of the most productive grass 

growing regions in the world, pasture-based systems therefore have been traditional in 

North Island dairy farming.  

 

Since 1980s, the availability of modern technology, access to water, and relatively cheap 

land has made the South Island increasingly attractive for dairy farming. To date, 34% of 

                                                
35 Pierani and Rizzi (2003) used a balanced panel of 41 Indian dairy farms observed from 1980-1992. 

Reinhard and Thijssen (2000) adopted a panel of 434 Dutch dairy farms in 1985-1995, each farm is 

observed on average 6 times, yet they cannot estimated the complete shadow cost system being developed 

due to there are too many parameters to be estimated.  
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the national cows are in South Island, 44% of which are in the Canterbury region (LIC, 

2009). Climate there is temperate, annual rainfall is only above 600mm and temperature 

averages at 11.5°C (NIWA, 2009). Irrigation is used extensively to improve production 

as the summers are hot and dry.  

 

Given the diverse climate and farming development between North Island and South 

Island, an independent cost frontier for each region is proposed in order to take into 

account technological differences.  

 

4.3.1 Short term stochastic variable cost frontier 
 

The behavioral objective assumption under a cost frontier is cost minimization subject to 

a certain output volume and exogenous input prices. This assumption is considered to be 

appropriate in the context of NZ dairy farming for the following reasons: 

 

First, farmers are paid on the basis of milksolids. About 97% of the farm milk produced 

is supplied to the Fonterra Co-operative. Ex ante, farmers don‟t know exactly what the 

pay-out will be nor can they accurately predict output. A profit frontier would be more 

appropriate otherwise. However, the maximum quantity of milksolids a farm can supply 

to Fonterra is largely determined by the amount of Fonterra shares they hold, so farms do 

have an expected output target based on the shares and past experience.   

 

And at the beginning of a season, when a typical farm operator makes production plans to 

get the most out of the year, he/she has a certain amount of fixed capital (e.g. livestock, 

land, plant, buildings, machinery, etc.) which can not be easily changed quickly, this 

makes short term variable cost minimization a more practical behavioral hypothesis 

compared with long term.  

 

Under this assumption, a farm operator seeks to minimize expenditures on variable 

inputs for producing the targeted output, taking input market prices as given, conditional 
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on the amount of fixed capital at disposal. The corresponding stochastic variable cost 

frontier can be expressed as the following: 

)7(}exp{);,,( itititititit uvzywvcvc    

where:  itvc  -  observed cost of farm i in year t on variable inputs; 

(.)vc  -  a cost function with certain properties that will be discussed later; 

itw  - 1K  input prices vector faced by i-th dairy farm in year t; 

ity -  observed output volume produced by farm i in year t; 

itz -  fixed capital of farm i in year t; 

  -  parameters to be estimated, common to all dairy farms; 

itv  - systematic random error component, capturing statistical noise, 

assumed to follow the standard normal distribution with zero mean and 

constant variances, denoted by 2

v . 

 

Two common specifications for the one-sided inefficiency error component were 

considered. One of them follows Battese and Coelli (1992) “time-varying decay 

inefficiency model”, where itu  takes the form:  
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iu   is the non-negative time-invariant producer specific inefficiency error term, assumed 

to have a truncated normal distribution with mean µ and variances 2

u .   is an unknown 

parameter to be estimated which determines how inefficiency itu  varies over time. If 

0 , then itu  increases over time, suggesting deteriorated efficiency performance. On 

the contrary, if 0 , then itu  decreases over time, suggesting improved efficiency 

performance. A limitation of this specification is that it does not allow for a change in the 

rank ordering of producers over time – a firm that is ranked n-th at the first time period is 

always ranked n-th (Coelli et al. 2005, p.278).  
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The second specification is the “efficiency effects model” firstly proposed by 

Kumbhakar et al. (1991) and then extended by Battese and Coelli (1995) to panel data as 

follows: 

)9(),(~ 2

uitit ZNu   

where the inefficiency error term itu  is assumed to follow a truncation of the normal 

distribution with mean as a function of some explanatory variables, denoted by the 1Q

vector itZ . Those variables can be producer specific environmental variables which have 

the potential to impact farm management performance, and/or it can include time 

variables to capture efficiency variation across time. α is a vector of the associated 

parameters to be estimated. This specification allows the distribution of the inefficiency 

error term to vary between each observation.  

 

Parameters in both of the inefficiency error term specifications along with those in the 

cost frontier can be estimated consistently by ML in a simultaneous framework, provided 

that  itv  and itu  are distributed independently of each other and of the regressors. 

 

As discussed in the previous chapter, Cobb-Douglas and translog are the two most 

commonly applied functional forms in stochastic frontier analysis for dairy farming. Each 

has its own merits and drawbacks. This study will apply both and compare the estimation 

results to determine the best fitted functional form.  

 

4.3.2 Anticipated signs/effects of the independent variables 
 

The mathematical expression regarding the properties of a well behaved variable cost 

function is listed below (Kumbhakar and Lovell, 2000): 

 

1) Nonnegativity:  00),,(0),0,(  yforzywvcandzwvc  
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2) Linearly homogeneous in w :  0),,(),,(   forzywvczywvc   

3) Concave in w : 
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As a result, a farm‟s minimum production expenditure on variable inputs should not 

decrease as the farm increases production or faces increasing input prices, and should not 

increase as the farm has more fixed capital. These imply for a Cobb-Douglas cost frontier, 

the estimated coefficients associated with output y  and input prices w  ought to be non-

negative, and with respective to fixed capital z  should be non-positive.
 36

  

 

For a translog cost frontier, the linear homogeneity and global concavity can be imposed 

using a substitution approach as illustrated by Coelli et al. (2005, p.229) prior to 

estimation. However, imposing global curvature constraints often destroys the flexibility 

properties of second-order flexible functional forms (Diewert and Wales, 1987). One 

solution is to impose the linear homogeneous property first by a transformation of the 

variables, then the concavity constraint is imposed at only a handful of data points in the 

region of the point of approximation (i.e. locally) using the substitution approach, as 

proposed by Ryan and Wales (2000) and extended by Hailu et al. (2005).
37

  

 

Another common practice is to use the second-order derivatives of an estimated translog 

function to check the concavity condition at every point in the data set and then report the 

proportion of times the condition is violated (Coelli et al. 2005, p.229). This is the 

                                                
36 The Cobb-Douglas function automatically satisfies concavity by imposing constant elasticities and 

returns to scale restrictions.  
 
37 Ryan and Wales (2000) use the substitution method to ensure estimated translog and Generalized 

Leontief cost functions satisfy concavity at a single point. Hailu et al. (2005) extended Ryan and Wales 

(2000)‟s work by imposing the concavity constraint at all sample data point and check for percentage of 

violation (as discussed in section 4.2.3). 
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approach being adopted in this study for examining the regularities of the estimated cost 

frontier. 

 

4.3.3 The measurement of input efficiency 
 

Both the Cobb-Douglas and translog cost functions are linear in logarithm terms. The 

conditional demand for an input can be derived from the estimated cost frontier by 

applying Shephard‟s Lemma:   
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This conditional input demand can be regarded as the “expected” demand for input k  at 

the least cost input bundle. A measurement of input efficiency can be provided by the 

ratio of the “expected” input demand to the amount of input k  actually used. One should 

be aware of the fact that this input efficiency measure attributes all deviations from the 

minimal demand to inefficiency, there is no account of the effect of random shocks; the 

“expected” conditional input demand, not the “stochastic” conditional input demand, is 

the benchmark used here.  

 

4.3.4 The data 
 

The dataset containing farm level financial and physical information for the period 1999-

2007 was provided by DairyNZ. The data comes from two sources. Prior to 2006, it was 

from an annual survey undertaken by Livestock Improvement Corporation (LIC) and 

Dexcel using a random sampling procedure, stratified by region and herd size. After 2005, 

this annual survey was replaced by DairyBase® database, which is web based 

information collecting software available to all levy paying NZ dairy farmers. As 

participation is voluntary, DairyNZ suggests this database tends to involve farms with 

above average milk production performance. This study utilized only data for the 1999-
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2005 periods because information regarding the quantity of feed and fertilizer consumed 

is no longer available in the DairyBase® database.  

 

Farms with a missing regional code were deleted. Not all sampled farms provided 

information in a form that can be used. For example, a few farms have positive 

consumption of fertilizer, but expenditure on this input was placed in the feed related 

expenses category. And some have positive expenditure, but zero consumption recorded 

for an input. These observations were considered to be recording/reporting errors, 

therefore zero value and some extreme value observations were dropped from the 

analysis. The final number of observations used is summarized in table 1 below, and the 

proportion of sampled South Island farms is compared with the actual proportion stated 

in LIC Dairy Statistics. One should be aware that South Island dairy farms were 

underrepresented in the sample dataset.  

 

This is a highly unbalanced panel data, among those 701 dairy farms in the North Island 

and 123 dairy farms in the South Island, none of them was observed for all 7 years.
38

  

 

Table 1: Number of Observations by Year 

Observations 1999 2000 2001 2002 2003 2004 2005 Total 

  
       

  

Pool 187 190 245 180 193 202 203 1400 

North 170 171 211 154 163 172 172 1213 

South 17 19 34 26 30 30 31 187 

  
       

  

Sample South % 9.10% 10% 13.90% 14.40% 15.50% 14.90% 15.30% 13.36% 

  
       

  

Actual South % 14.10% 15.10% 15.20% 16.50% 17.30% 17.90% 18.40% 16.36% 

 

 

                                                
38 Four hundred and forty seven farms were appeared only once, 382 were observed for 2 years, 396 were 

in for 3 years, 164 have 4 years of observations, only 5 farms were observed for 5 years and 6 farms were 

observed for 6 years.  
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4.3.5 The variables39 
 

Variable cost expenditure ($): measured in per cow terms, derived from the data by 

summing the total on-farm cash expenditure and adjustments (i.e. labour and runoff 

adjustments), which is also equivalent to subtract depreciation from total operating 

expenses.  

 

Output (kgs): total milksolids produced, measured in per cow terms.  

 

There is no input price information in the data, but they are more or less fairly determined 

by the market given that there were 14,362 to 12,271 dairy farms in NZ during the 

sample periods (LIC, 2009). So an average input cost was computed for each observation 

by dividing the total expenditure on a particular input by the quantity consumed.
40

 Three 

major inputs were considered: labour, feed and fertilizer.  

 

Labour price ($/FTEs): obtained from dividing the total payments to employed labour 

and adjustments made for family labour in a given year by the number of full time 

equivalent workers (FTEs), so it is measured on a $/FTEs/year basis.  

 

Feed price ($/t.dm): derived by taking the ratio of all the feed related expenses to the 

total tons of dry matter (t.dm) supplements made on farm and brought in feed.   

 

Fertilizer price ($/100g): obtained by having the total expenditure on fertilizer divided by 

the quantity of fertilizer purchased.  

                                                
39 Appendix A lists the formulas for deriving the variables used in this study from the dataset.  

 
40 Another common approach is to use farm expenses index in a panel data to provide the price information 

as in Revoredo Giha et al. (2006), although there is no price variation between farms, but there is price 

variation across time. This might be suitable for research with CE estimation purpose only. For research 

also concerning the elasticity of substitution behaviour like Hailu et al. (2005), price variation between 

farms is very important because the data most often is for a short period of time, the price variation across 
time is not enough for approximating the reaction under a price change. This is why the farm expenses 

index published by Statistics NZ was not used in this study, we need to derive the input demand function 

from the estimated cost frontier as shown by equation (10), then obtain measures of input efficiency 

performance and also analyze the reaction of farms for a change in relative input prices (as can be seen in 

the next chapter).  
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Fixed assets: the effective dairy hectare was used as an indication of the amount of fixed 

capital.  

 

Capital intensiveness, livestock quality and the size of a farm were incorporated into the 

inefficiency error term modelling in order to assess their relationships with CE 

performance. 

 

Capital intensity: measured by the capital cost incurred in per cow terms.  Capital cost 

was defined as expenditure on repair and maintenance plus depreciation. A farm with 

more advanced machinery would have higher capital costs.    

 

Livestock quality: measured by the average price per cow, this is derived by taking the 

ratio of the livestock market value at the end of the year to the maximum number of cows 

milked. A farm with more productive herd (e.g. better breed, more proportion of milking 

cows) would have a higher average market value for their livestock.    

 

Farm size: A dummy variable equal to 0 if the maximum number of milking cows is no 

more than 150; 1 if 150 < no. cows <=250; 2 if 250 < no. cows <=500; 3 if >500.
41

 

 

A linear time trend, 7,,2,1 t  was used to denote year 1999 to 2005. This time trend 

and its quadratic term were incorporated into the cost frontier to capture potential TC, 

and also in the modelling of the inefficiency error term, representing possible farm level 

efficiency improvement over time.  

 

The vector Zit in equation (9), the “effects model”, therefore can be written: 

 

)11(],,,)_ln(,)/cos_[ln( 2  ttsizepricecowcowtcapitalZ itititit  

                                                
41 Similar with chapter III, by using a categorical variable for farm size instead of the standard dummies for 

each category, a linear relationship was imposed loosely between different farm size and efficiency 

performance. 
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Rougoor et al. (1998) and Kumbhakar et al. (1991) found that variables such as age, 

education and experience describing the ability of farm managers could also influence 

efficiency performance. Unfortunately, such variables are not available in the dataset. 

 

A summary of the key statistics about those variables is presented in table 2. South Island 

dairy farms were, on average, larger and more capital intensive with higher value livstock 

compared with those in North Island; they also faced higher input prices but managed to 

produce more output, and incurred overall more expenditure on variable inputs.  

 

4.3.6 The empirical stochastic variable cost frontier 
 

The variables were transformed to incorporate the linear homogeneous constraint on 

input prices, and were denoted as the following after transformation: 

 

)ln(

)ln()ln(2
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The resulting Cobb Douglas cost frontier can be written: 
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The translog cost frontier with the usual symmetry constraint can be written: 
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   Table 2: Summary Statistics of Variables 

Variables  Region Mean Std. Dev. Min Max 

      

variable cost/cow ($) North 960 234 392 2211 

  South 1159 316 667 2750 

        

milksolids/cow (kgs) North 312 50 140 559 

  South 354 56 218 533 

        

labor price ($/FTE) North 32679 10006 10250 106282 

  South 35643 9117 13315 70135 

        

feed price ($/t.dm) North 236 193 41 1840 

  South 247 211 45 1500 

        

fertilizer price ($/100 g) North 14.35 7.80 3.04 85.62 

  South 14.90 8.79 3.17 59.75 

      

effective dairy hectares North 90.53 49.86 20 570 

 South 135.59 72.19 36 490 

        

capital cost/cow ($) North 171 81 39 881 

  South 221 108 48 756 

        

cow price ($) North 1098 286 315 2866 

  South 1171 344 353 2450 

      

Size North 1.17 0.80 0 3 

 South 1.78 0.85 0 3 

  



113 

 

4.4 Results  
 

4.4.1 Frontier estimates 
 

The two cost frontiers in equation (12) and (13) were estimated respectively by ML with 

3 datasets using Frontier 4.1 (Coelli, 1996a): the pooled dataset, data containing only 

North Island dairy farms and data containing only South Island dairy farms.  

 

For each cost frontier, the one-sided inefficiency error term itu  has two specifications: the 

“time varying decay inefficiency model” as described in equation (8) and the “efficiency 

effects model” as in equation (9) and (11).  

 

Among all the estimated frontiers, the one-sided inefficiency error term itu  is always 

significantly different from zero at better than a 1% level, regardless the functional form, 

the inefficiency error term specification, and the dataset. So a great deal of variation in 

farm expenditure on variable inputs is explained by differences in CE performance, 

which is something that can be improved. 

 

Estimation results for the Cobb-Douglas SCFs are presented in table 3 and table 4. In the 

“time-varying decay inefficiency model”, all the estimated coefficients associated with 

output and input prices are positive and highly significant, and the coefficients associated 

with fixed capital (i.e. effective dairy hectare) are negative and significant at 1% level. 

Similar results are observed in the “efficiency effects model”, except that the estimated 

negative coefficient associated with fixed capital is significant at 5% level for the North 

Island variable cost frontier only. Those results imply the estimated Cobb-Douglas cost 

frontier is well behaved.  

 

There is however a difference between the two SCFs regarding the TC, the coefficients 

associated with the linear time trend and its quadratic term are small in magnitude and 

insignificant in the “time-varying decay inefficiency model” most of the time, but highly 

significant and much larger in the “efficiency effects model”.  
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Table 3: Cobb Douglas “time-varying decay inefficiency” Estimation Results 

 Pool   North   South   

0  -3.2775 *** -2.9019 *** -3.6623 *** 

y  0.4390 *** 0.3870 *** 0.5228 *** 

1  0.6484 *** 0.6529 *** 0.6305 *** 

2  0.1370 *** 0.1397 *** 0.1281 *** 

z  -0.1626 *** -0.1929 *** -0.1267 *** 

t  0.0068  0.0103  0.0267  

tt  -0.0030 * -0.0035 ** -0.0041  

         

222

uv    0.0641 *** 0.0593 *** 0.0737 *** 

22 / u  0.6592 *** 0.6484 *** 0.6055 *** 

  0.4112 *** 0.3923 *** 0.3301   

  -0.0349 *** -0.0284 * -0.0455   

         

Log Likelihood 218.675  225.802  13.389   

         

LR test of the one sided error 296.594  251.617  23.427   

df=3 p=0.01 critical value 10.501  10.501  10.501   

   *** Estimated coefficient is significant at the 1% level;  

   ** Estimated coefficient is significant at the 5% level;  

   * Estimated coefficient is significant at the 10% level.  

 

 

And between the two error term specifications, the “efficiency effects model” always has 

a larger log likelihood function compared with the “time varying decay efficiency model”, 

no matter whether the functional form is Cobb Douglas or translog, and regardless of 

which dataset is utilized for the frontier estimation. Another advantage of the “efficiency 

effects model” is that the ability of associating the resulting efficiency estimates to farm 

specific explanatory variables. The translog “time-varying decay inefficiency” estimation 

results are in Appendix B. Estimation results for the translog “efficiency effects model” 

are presented in table 5.  
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Table 4: Cobb Douglas “efficiency effects” Estimation Results 

 Pool   North   South   

0  -3.9254 *** -3.3414 *** -3.1885 *** 

y  0.3974 *** 0.3333 *** 0.3189 ** 

1  0.6607 *** 0.6531 *** 0.7152 *** 

2  0.1495 *** 0.1558 *** 0.1252 *** 

z  -0.0010  -0.0479 ** -0.0025   

t  0.1588 *** 0.1414 *** -0.3164 *** 

tt  -0.0214 *** -0.0179 *** 0.0134  

         

0  -1.5021 *** -1.3737 *** -1.6599 *** 

tcapital cos_  0.2069 *** 0.2044 *** 0.2789 *** 

pricecow_  0.1665 *** 0.1479 *** 0.0200   

size  -0.1220 *** -0.1004 *** -0.1079 *** 

t  -0.2460 *** -0.2173 *** 0.3311  ** 

tt  0.0293 *** 0.0245 *** -0.0144   

         

222

uv    0.0407 *** 0.0392 *** 0.0437 *** 

22 / u  0.0070 ** 0.0135 ** 0.0000   

       

Log Likelihood 254.607  242.213  27.415   

         

LR test of the one-sided error 368.458  284.439  51.478   

df=7 p=0.01 critical value 17.755  17.755  17.755   
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Table 5: Translog “efficiency effects” Estimation Results 

 Pool  North  South  

0  31.0431 *** 19.7181 *** 36.3027 *** 

y  -11.3623 *** -8.4187 *** -16.0275 *** 

1  1.0714 * 1.8163 *** 1.6833 ** 

2  -0.5081  -1.0491 *** 0.2734   

z  -0.7482  -0.5665  1.3187   

yy  0.9232 *** 0.7033 *** 1.7398 *** 

11  -0.0472 ** -0.0676 *** 0.0069   

22  -0.0485 *** -0.0443 *** -0.0700  

zz  0.0739 *** 0.0559 *** 0.0904 *** 

12  0.0714 *** 0.0852 *** 0.0223   

1y  0.0737  -0.0114  -0.2440  

2y  0.0637  0.1422 ** 0.0546   

1z  -0.0682 ** -0.0658 ** 0.0447   

2z  0.0038  -0.0035  -0.0514 **  

yz  0.0931  0.0986  -0.4220 ** 

       

t  0.1070 *** 0.1718  0.3149 *** 

tt  -0.0145 *** -0.0285  -0.0325 *** 

       

0  -1.9262 *** -1.3357 *** -0.2436  

tcapital cos_  0.2455 *** 0.1988 *** 0.1197 *** 

pricecow_  0.1831 *** 0.1708 *** 0.0444   

size  -0.0707 *** -0.1015 *** -0.0140  

t  -0.2096 *** -0.2586  -0.2915 ** 

tt  0.0236 *** 0.0361 * 0.0304 ** 
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 Pool   North   South   

       

222

uv    0.0383 *** 0.0372 *** 0.0470 *** 

22 / u  0.0252  0.3943  0.0000  

       

Log Likelihood 297.526  287.405  33.839   

       

LR test of the one-sided error 342.929  302.038  22.571   

df=7 P=0.01 critical value 17.755  17.755  17.755   

       

LR test of CD functional form 85.838  90.384  12.848  

df=10 p=0.01 critical value 23.21  23.21  23.21  

       

LR test of same technology 47.436       

df=25 p=0.01 critical value  44.31           

 

 

A likelihood ratio (LR) test rejects the pooled translog frontier in favour of the separate 

regional frontiers at 1% significance level. In other words, same cost frontier for North 

Island and South Island dairy farming was rejected in favour of different SCFs between 

regions.   

 

For the North Island variable cost frontier, the Cobb Douglas functional form is rejected 

in favour of the translog functional form based on the LR test.  On the contrary, for the 

South Island variable cost frontier, we cannot reject the null hypothesis that the 

underlying functional form is Cobb-Douglas, implying the cost function representing the 

South Island sample is more restrictive. The own-price elasticities are assumed to be -1 

and the cross-price elasticities are assumed to be equal to 0 in a Cobb-Douglas cost 

function.   

 

4.4.2 A simplified translog frontier and its properties 
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As mentioned before, the Cobb Douglas is simple but too restrictive, whereas the translog 

is flexible but at the cost of having many insignificant estimated coefficients due to the 

incorporation of second order parameters. Motivated by Ahmad and Bravo-Ureta (1996) 

and Reinhard et al. (2000), which estimated a simplified stochastic production frontier, a 

simplified translog “efficiency effects” cost frontier containing only those parameters that 

are always shown to be significant during the experimentation with the best functional 

form is estimated for each region respectively as shown in equation (14) and (15).
42

 

Estimation results are presented in table 6 and the cost frontier model is elaborated in 

Appendix C.  
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The monotonicity property implies a well behaved cost function should be nondecreasing 

in input prices (i.e. increasing an input price will not decrease costs). This property can be 

checked by examining the nonnegativity of the estimated conditional input demand.
43

 For 

the North Island frontier, only 18 observations are found to violate the monotonicity 

property with respect to feed price. There is no violation in the estimated South Island 

variable cost frontier. Table 7 presents the sample average input price elasticities based 

on those observations satisfying the monotonicity property (i.e. having positive estimated 

conditional input demand).
44

 

                                                
42 Based on the log likelihood functions in table 5 and table 6, a LR test shows that the simplified translog 

cost frontiers cannot be rejected in favor of the complete translog functional form at the 1% significance 
level for both regions.  

 
43 See Appendix D for the estimated conditional input demand functions.  

 
44 Calculation of the price elasticities for each observation was described in Appendix E. 
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Table 6: Simplified Translog “efficiency effects” Estimation Results 

 North   South   

0  21.8218 *** 46.1100 *** 

y  -9.4632 *** -16.9705 *** 

1  1.7920 *** 0.7122 *** 

2  -1.0360 ***    

yy  0.8254 *** 1.5369 *** 

11  -0.0699 ***    

22  -0.0442 ***   

zz  0.0526 *** 0.0656  

12  0.0847 ***    

2y  0.1376 ***    

1z  -0.0658 ***    

2z    0.0254 ***  

yz    -0.1276 * 

t  0.0808 *** 0.5016 * 

tt  -0.0109 *** -0.0594 ** 

0  -1.7567 *** -0.5364  

tcapital cos_  0.2133 *** 0.3379 *** 

pricecow_  0.1882 *** -0.0054   

size  -0.0941 *** -0.0616 * 

t  -0.1823 *** -0.5329 ** 

tt  0.0200 *** 0.0633 ** 

222

uv    0.0368 *** 0.0396 *** 

22 / u  0.0039 ** 0.0380  

Log Likelihood 284.759  37.716   

LR test of the one-sided error 298.131  49.095   

df=7 p=0.01 critical value 17.755  17.755   
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For the North Island dairy farms, the mean own-price elasticities for labour, feed and 

fertilizer are -1.22, -1.65 and -1.35 respectively; for the South Island dairy farms, the 

own-price elasticities are -1 and the cross-price elasticities are 0, same with those implied 

under a Cobb-Douglas cost function. As shown before, the Cobb-Douglas functional 

form cannot be rejected in favour of the translog, but it can be rejected in favour of the 

simplied translog cost function by a LLR test at the 1% significance level. The less 

satisfactory results could be due to we have only 187 observations for South Island dairy 

farms over 7 years.  

 

Table 7: Average own- and cross-input Price Elasticities 

  North South 

labor -1.2207 -1 

feed -1.6480 -1 

fertilizer -1.3511 -1 

labor/feed 0.1337 0 

labor/fertilizer 0.0870 0 

feed/labor 0.0422 0 

feed/fertilizer 0.0018 0 

fertilizer/labor 0.3290 0 

fertilizer/feed 0.0221 0 

 

 

The monotonicity property with respect to output and fixed capital are also checked, 

which has rarely been done in past research. In the North Island frontier, only less than 10% 

of the observations violate the monotonicity property with respect to output and 15% of 

the observations violate the monotonicity property with respect to fixed capital.  The 

figures are 20% and 22% in the estimated South Island frontier. Potential reasons for 

these violations might be the use of milksolids and effective dairy hectares as the 

measurement of output and fixed capital.  
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But given that over 90% of gross farm revenue is derived from milksolids payments on 

average with a minimum around 70%, and there is only a monetary value recorded for 

land, buildings, machinery, etc, these measures are considered to be reasonable and the 

best index we have in the dataset for quantity measurement of output and fixed capital.  

 

The estimated SCFs also need to satisfy the concavity property which implies the 

conditional input demand functions cannot slope upwards, i.e. increasing an input price 

will not encourage its use. This was assessed by examining the negative semi-

definiteness of the hessian matrix at each data point.
45

 Results shown that for both 

regional SCFs, the eigenvalues of the entire hessian matrix for each observation are 

negative, which means this concavity property is 100% satisfied at all sample data points.  

 

Based on the above results, one can reasonably say that these simplified translog SCFs 

estimated and presented in table 6 are well behaved.  

 

And as can be seen, all the coefficients associated with time trend variables are 

significant, meaning there is nonlinear TC as well as farm specific efficiency change over 

the sample period. The TC effects are estimated to start from positive but decreasing with 

time for both regions. In other words, the cost frontier is shifting out initially but at a 

decreasing rate. There is an improvement in individual farm‟s efficiency performance 

observed as well; the scale of improvement however is deteriorating over time.  

 

4.4.3 Cost efficiency performance 
 

Table 8 presents the Spearman rank correlation coefficients between individual farm‟s 

CE estimates under different functional forms for the “efficiency effects model”. These 

correlations range from 0.67 for North Island efficiency estimates obtained under translog 

and the simplified translog functions, and 0.98 for those between Cobb-Douglas and the 

simplified translog, suggesting the efficiency rankings of North Island dairy farms do not 

differ a lot between the choice of different functional forms. The same cannot be said for 

                                                
45 See Appendix E for description of the hessian matrix.  
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South Island, the efficiency estimates correlation coefficient is 0.86 between translog and 

the simplified translog, but only 0.27 between Cobb-Douglas and the simplified translog, 

and -0.16 between Cobb-Douglas and translog. So not only does the South Island operate 

under a cost frontier with different technological parameters from the North Island, but 

also the choice of the “best” functional form matters a great deal for the rankings of the 

resulting farm efficiency estimates.  

 

Table 8: Cost Efficiency Estimates Spearman Rank Correlation Coefficients 

North Island frontier Simplified TL Translog Cobb-Douglas 

Simplified TL 1 

 

  

Translog 0.6708*** 1   

Cobb-Douglas 0.9818*** 0.7017*** 1 

    South Island frontier Simplified TL Translog Cobb-Douglas 

Simplified TL 1 

 

  

Translog 0.8576*** 1   

Cobb-Douglas 0.2732*** -0.1618** 1 

 

 

Table 9 presents the summary statistics of CE estimates based on the simplified translog 

“efficiency effects model”. The average CE is about 83% for the North Island dairy farms 

and 80% for the South Island dairy farms. Within the North Island, the Waikato region 

has the best average CE performance, with a mean efficiency score of 84.5% and one 

quarter of the sampled farms operated with a CE level above 92%, this average efficiency 

score however is not statistically different from the one estimated for Bay of Plenty as 

indicated by the Wilcoxon-Mann-Whitney test in Appendix F.
46

 Bay of Plenty sits in the 

second place with an average CE level of 84%, followed by Taranaki, 82%. If all dairy 

farms were to become 100% cost efficient, one can expect the Waikato farms to save 

                                                
46 The Wilcoxon-Mann-Whitney test is a non-parametric analog to the independent samples t-test and can 

be used when one does not want to assume that the dependent variable (i.e. the efficiency estimates) is 

normally distributed.  
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15.5% of their expenditure on variable inputs on average, Bay of Plenty farms 16% and 

Taranaki farms 18%. 

 

South Island dairy farms, on the other hand, have a little more space to improve. The 

average cost saving could reach about 20% if they were to become 100% efficient. But 

South Island also has relatively more farms with very high efficiency performance; thirty-

five percent of the dairy farms in the sample have a cost efficiency score over 92%. As 

demonstrated in figure 3, South Island has a more dispersed cost efficiency distribution 

compared with North Island.  

 

Table 9: Cost Efficiency Estimates Summary Statistics 

Region Count mean min max   p50     p75 

  

      Northland 179 0.8071 0.4654 1 0.8044 0.8806 

Waikato 400 0.8449 0.4791 1 0.8505 0.9209 

Bay of Plenty 230 0.8407 0.5816 1 0.8375 0.9163 

Taranaki 240 0.8167 0.5354 1 0.8158 0.8731 

Lower North 164 0.8065 0.5006 1 0.8097 0.8827 

North Island 1213 0.8278 0.4654 1 0.8302 0.9014 

South Island 187 0.8034 0.3538 0.9954 0.8421 0.9676 

 

 

How could farms improve their CE performance? For the North Island simplified 

translog “efficiency effects model” presented in table 6, the estimated coefficients 

associated with the explanatory variables for inefficiency are all significant at 1% level. 

The estimated coefficients for capital intensity and livestock quality are 0.2133 and 

0.1882 respectively, indicating that more capital intensive farms or farms with higher 

average cow value are associated with higher inefficiency, therefore lower efficiency 

performance, ceteris paribus. Whereas the size of a farm is found to have a negative 

estimated coefficient: -0.0941, meaning larger farms tend to have a better CE score 

relative to those that are smaller, holding everything else constant.  
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Figure 3: Cost Efficiency Estimates Frequency Distribution 
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The same applies to South Island dairy farms except that the average livestock market 

value does not have any significant relationship with inefficiency as opposed to North 

Island.  

 

4.4.4 Input efficiency performance 
 

Regarding the measurement of input efficiency: firstly, the “expected” input demands for 

each observation are estimated based on the conditional input demand functions as 

attached in Appendix D; then the ratio of this “expected” input demand to actual 

consumption is defined as input efficiency; results are summarized in table 10 below: 

 

Table 10: Input Efficiency Estimates Summary Statistics 

Inputs Region Count Mean Std. Dev. Min Max 

    

    

  

Labour North 1213 1.9281 0.6410 0.4815 4.9737 

  South 187 2.1866 0.7449 0.5806 4.2237 

Feed North 1195 1.0763 1.4532 0.0150 30.3546 

  South 187 0.5930 0.5238 0.0924 4.1567 

Fertilizer North 1213 0.0140 0.0117 0.0009 0.1520 

  South 187 0.0124 0.0077 0.0029 0.0604 

 

Among those North Island observations, only 3.8% having a labour efficiency score 

smaller than 1, i.e. used more labour than they should; the rest had a labour efficiency 

score greater than unity. Similarly for South Island, only 2.7% used more labour than the 

expected conditional demand. The average labour efficiency is about 1.93 and 2.19 for 

North Island and South Island dairy farms respectively, implying a considerable labour 

under employment in the NZ dairy farming sector. If all the farms use the cost efficient 

optimal input mix, then employment in the dairy farming is expected to increase by 93% 

in North Island and 119% in the South Island.  
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As for feed, 18 observations in the North Island have invalid (i.e. negative) estimated 

conditional demand; 777 out of 1195 (65%) observations have a feed efficiency score 

smaller than one, and the rest 35% have a feed efficiency score greater than one. On 

average, feed efficiency is about 1.08 for North Island dairy farming with a very high 

standard deviation of 1.45, potentially due to recording error. For example, a farm may 

grow supplements at the end of the season, but store a large share for next year‟s feeding, 

the data does not separate consumed feed and inventory feed. Therefore although the 

overall picture indicates that North Island dairy farms used 8% more feed than expected, 

this over consumption of feed was mainly driven by a few observations. The average feed 

efficiency drops to 0.85 based on observations in the 95% percentile. Whereas in the 

South Island, 168 out of 187 (90%) observations are estimated having a feed efficiency 

smaller than one. The average feed efficiency score is only 59%, implying an expected 

increase in feed consumption up to 41% for South Island dairy farming if they switch to 

the least cost input mix.   

 

Finally, for fertilizer, the input with potential adverse environmental impacts, all the 

sampled observations are estimated to have an efficiency score less than unity, meaning 

an over application of fertilizer by all. The average fertilizer efficiency is only around 

0.01 for both regions, meaning a reduction of fertilizer application up to 99% is possible 

if all the sampled farms are operating on their best practice cost frontier and using the 

optimal mix of inputs. The average difference between the actual fertilizer consumption 

and “expected” fertilizer demand is about 97.82 kilograms per cow for North Island dairy 

farms, ranges from 4.48 to 370.64 kilograms; whereas the average fertilizer over 

application is around 112.79 kilograms per cow for South Island dairy farms, with a 

range between 16.59 and 260.69 kilograms.  

 

The above results may seem to be extreme, one however should be aware that the dataset 

does not separate consumed fertilizer and inventory fertilizer; and this fertilizer efficiency 

measure does not take into account soil quality. All the farms are benchmarked against 

farms with the most productive soil in the region and this fertilizer efficiency measure 

therefore tends to overstate over application.  
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4.5 Conclusion 
 

 

This study estimated the cost efficiency for an unbalanced panel of NZ dairy farms 

observed between 1999 and 2005 by benchmarking each farm‟s production cost against a 

common estimated short run stochastic cost frontier. A likelihood ratio test rejects the 

hypothesis of same frontier across regions, therefore an independent simplified translog 

SCF was estimated for North Island and South Island respectively. The resulting 

estimated frontiers were checked against those regularity conditions normally cannot be 

satisfied in a flexible functional form, and we found no violation of the concavity 

property and only a few violations of the monotonicity properties, meaning those 

estimated SCFs are reasonably well behaved.  

  

 The average CE is about 83% for North Island dairy farms, within which, Waikato 

ranked as the first, with a mean CE score over 84.5% and 2.75% of the sample 

observations are fully cost efficient; Bay of Plenty sat in the second place (84.1%), 

followed by Taranaki (81.7%), Northland and Lower North (80.7%). For South Island 

dairy farms, the CE distribution is more dispersed, the mean efficiency score is only 80%, 

but thirty-five percent of the sampled farms scored above 92%.  

 

The average own-price elasticities for labour, feed and fertilizer are estimated to be -1.22, 

-1.65 and -1.35 respectively for North Island dairy farms. We have only 187 observations 

for South Island over 7 years, the estimated SCF is more restrictive and no meaningful 

elasticity estimates were obtained.   

 

The one-sided inefficiency error term was modelled as a truncation of the normal 

distribution with the mean as a function of some explanatory variables, parameters were 

estimated simultaneously with those in the SCF by maximum likelihood. Results indicate 

a significant negative relationship between capital intensity, livestock quality (for North 

Island only) and CE, and a significant positive relationship between farm size and 

efficiency performance. 
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A non-linear TC effect was found to exist as well as improvements in an individual 

farm‟s efficiency performance over time as a result of experience accumulation. The rate 

at which they advance however was decreasing.  

 

The estimated SCFs are also used to derive the “expected” conditional input demands for 

each farm at the cost efficient input bundle by applying Shephard‟s lemma. Individual 

farm actual input usage is then benchmarked against this estimated input demand to 

measure input efficiency performance. Results indicate that employment in the dairy 

farming could be expected to increase by 93% in North Island and 119% in the South 

Island to reach full efficiency. And the average feed efficiency is about 1.08 for North 

Island dairy farming, this slightly overuse of feed is potentially driven by a few recording 

errors. The average feed efficiency drops to 0.85 based on observations in the 95% 

percentile. The South Island has an average feed efficiency score of 0.59, implying an 

expected increase in feed consumption up to 41% is desired. All the sampled 

observations are estimated to have a fertilizer efficiency score less than unity, meaning an 

over application of this input. The average fertilizer efficiency is only around 0.01 for 

both regions, in spite of the fact that this figure is likely to be overstated due to data 

quality and a lack of soil quality information in the analysis, it is difficult to deny the 

environmental concerns associated with excessive fertilizer application has been ongoing 

for the dairy farming industry.  

 

Future agricultural policies should aim to promote more efficient use of various on-farm 

inputs. For instance, ease the finding of dairy seasonal labour through favourable tax 

treatment; restrict the consumption of fertilizer by establishing a permit market, etc. The 

collection of more farm level information is also suggested in order to monitor the 

environmental performance and provide better quality data for future agricultural 

research. To illustrate, the Dutch has implemented a three-phase National Environmental 

Policy Plan in which the phosphate content of the manure is measured and the nitrogen 

contained in inputs and outputs is also recorded. With the availability of more data, future 

research could incorporate inputs such as nitrogen surplus (Reinhard et al. 1999), energy, 

water, etc. and/or explore the relationships between efficiency performance and other 
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farm specific factors, e.g. the ability of the farm operator, the financial indebtness of the 

farm, etc.   

 

Another direction for future research is to apply the Bayesian methodology, which has 

the ability of imposing the regularity conditions locally prior to estimation, to SCF 

(Griffiths et al. 2000) and compare the results with the ML estimation.   
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Appendix A 
 

Total cash expenditure = sum of spending on wages, animal health, herd improvement, farm 

dairy, electricity, freight, supplements (made & purchased), 

grazing off (weaners, yearlings & wintering cows), crop and 

regrassing, fertilizer, weed and pest, repair and maintenance, 

vehicles, administration, standing charges, runoff lease and other.  
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Appendix B 

Translog “time-varying decay inefficiency” estimation results 

 Pool   North   South   

0  29.1998 *** 23.4229 *** 36.0016 *** 

y  -11.1920 *** -9.7056 *** -15.0906 *** 

1  1.5590 *** 1.9004 *** 1.9428 ** 

2  -0.3158  -0.8311 * 0.6179   

z  -1.1205 ** -0.6755  -0.1480   

yy  0.9926 *** 0.8791 *** 1.5868 *** 

11  -0.0520 ** -0.0614 *** -0.0162   

22  -0.0433 *** -0.0335 *** -0.0980 *** 

zz  0.0752 *** 0.0622 ** 0.0594   
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 Pool   North   South   

12  0.0777 *** 0.0817 *** 0.0700   

1y  -0.0266  -0.0569  -0.2518   

2y  0.0156  0.0993  -0.0818   

1z  -0.0387  -0.0457  0.0395   

2z  0.0024  -0.0077  0.0005   

yz  0.1010  0.0549  -0.1483   

       

t  0.0118  0.0080  0.0832 * 

tt  -0.0040 ** -0.0034 ** -0.0072  

       

222

uv    0.0588 *** 0.0554 *** 0.0458 *** 

22 / u  0.6530 *** 0.6503 *** 0.5385 *** 

  0.3919 *** 0.3797 *** 0.3141 *** 

  -0.0392 ** -0.0307 * 0.0436   

       

       

Log Likelihood 259.473  255.352  31.072   

       

LR test of the one-sided error 266.823  237.931  17.036   

df=3 p=0.01 critical value 10.501  10.501  10.501   

       

LR test of CD functional form 81.596  59.100  35.366  

df=10, p=0.01 critical value 23.21  23.21  23.21  

       

LR test of same technology 52.848       

df=21 p=0.01 critical value  38.93           
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Appendix C 

North Island simplified translog SCF:  
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where ŝ denote the estimated parameters in table 6. Rearrange the terms, we get: 
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South Island simplified translog SCF:  
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Rearrange the terms, we get: 
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Appendix D 

The conditional input demand as illustrated in equation (11) can be written:  
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where the first term on the right hand side is the first derivative of the estimated log linear SCF in Appendix C. The numerator of the 

second term is the estimated “expected” variable cost. 
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Based on the simplified translog “efficiency effects” estimates presented in table 6, the resulting conditional input demand functions 

for North Island dairy farms are: 
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Estimated conditional input demand functions for South Island dairy farms are: 
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where: xk denotes the conditional input demand for the k-th input, measured in per cow terms; wk denotes the corresponding input 

price; z denotes the effective dairy hectares of a farm; y denotes output: kilograms of milksolids per cow; and )ˆ;,,( zywvc  is the 

estimated “expected” minimum variable cost per cow.  
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Appendix E 

Let 
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H denotes the symmetric Hessian matrix of the estimated simplified translog SCF, the corresponding 

components of the Hessian matrix is given by the first derivative of the conditional input demand functions (as presented in Appendix 

D) with respect to input prices:  
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Price elasticities are calculated as:
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, where k & j = 1. labor, 2. feed and 3. fertilizer
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Appendix F:  Wilcoxon-Man-Whitney Tests of Equal Means 
 
Null Hypothesis: the average CE in each sub-region is NOT statistically different from the other 

        Northland Waikato Bay of Plenty Taranaki Lower North Island 

Northland NA *** *** x x 

Waikato _ NA x *** *** 

Bay of Plenty _ _ NA x  ***  

Taranaki _ _ _ NA x 

Lower North Island _ _ _ _ NA 

***can reject the null hypothesis at the 1% significance level;  ** at the 5% significance level;  *at the 10% significance level               
x 

cannot reject the null hypothesis at conventional significance levels 
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Chapter V: The Climate Change Challenge and New Zealand Dairy 
Industry 

 

 

Abstract 
 

New Zealand‟s emission profile is very unique in that over half of the emissions result 

from pasture-based agriculture, within which, dairy farming is dominant.  Therefore it 

should not be difficult to imagine how prominent New Zealand‟s approach to climate 

change is when it schedules the agricultural sector to enter into the Emissions Trading 

Scheme (ETS) in 2015. No other country in the world has adopted such a comprehensive 

scheme, even those countries whose agricultural emissions are not significant.  

 

This chapter discusses the climate change challenge faced by NZ dairy industry and the 

design of the ETS. A particular focus is on the point of obligation issue and its affect on 

the production and mitigation incentives of the parties involved. Existing case studies on 

the cost effects of the ETS for dairy farms are all static, assuming farmers do nothing to 

adapt to the new cost structure. This chapter demonstrates the potential application of 

stochastic cost frontiers to analyze the impact of the ETS. The approach enables us to 

incorporate the elasticities of substitution embodied in dairy farming production 

technology.  

 

Key words: climate change, NZ ETS, dairy industry, point of obligation, stochastic cost 

frontier. 
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5.1 Introduction 
 

 

The Emission Trading Scheme (ETS) was the prime mechanism chosen by the New 

Zealand Labour government in September 2007 to meet its international obligations to 

cut greenhouse gas emissions. It was passed into legislation in September 2008. The 

newly elected National government amended some aspects of the ETS which became law 

in November 2009.  

 

Climate change represents a fundamental challenge for NZ because, unlike other 

developed economies, where the highest share of emissions comes from energy 

consumption, its emissions profile is dominated by the agricultural sector (47%). To date, 

no other country has adopted a comprehensive approach to climate change that 

incorporates all sectors of the economy.  

 

The dairy industry is going to be among those hit hardest by the ETS given its emission 

intensive production characteristics. This sector exports most of its products to 

international markets and competes with those not only emission obligation free, but 

often heavily subsidized dairy producers. And unlike others, the NZ dairy industry is 

vertically integrated, the design of the ETS, especially the point of obligation, matters a 

great deal in terms of placing the industry on the efficient development path.  

 

Existing case studies that provide estimates of the emission costs for NZ dairy farms are 

limited. No research has been undertaken that accounts for underlying production 

structures, on-farm input usage is assumed to remain the same in the face of price 

changes brought by the ETS.  

 

This chapter briefly describes the NZ climate change challenge and the current ETS in 

section 2, with special attention on the dairy industry. Section 3 discusses the factors 

which should be taken into account when choosing the point of emission obligation for 

dairy, as well as the experiences in other countries. Sector 4 reviews existing studies 

regarding the profitability/cost effects of the ETS on farms and, using the stochastic cost 
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frontier results obtained in previous chapter, highlights the likely impacts of the ETS for 

NZ dairying.  

 

 

5.2 The New Zealand Emission Trading Scheme and Dairy Industry 
 

 

This section starts with the challenge of global climate change, an overview of NZ‟s 

emission profile and highlights the particular challenges it presents to policy makers. This 

is followed by a brief description of the current ETS with an emphasis on the dairy sector.  

 

5.2.1 The Climate change challenge 
 

The earth‟s atmosphere is made up of oxygen, a large amount of nitrogen, and a small 

percentage of greenhouse gases (GHGs). GHGs act as a “radiation blanket” of the earth, 

they absorb long-wavelength radiation from the earth‟s surface and atmosphere, then emit 

less thermal radiation into space than they absorb, therefore trapping heat that would 

otherwise radiate into space. An appropriate level of GHGs is essential for the hospital 

climate on the earth, without GHGs, the earth‟s average surface temperature would be 

about -19°C instead of 14°C - 14.6°C it is now (Le Treut et al. 2007, p.97; Hansen et al. 

2010).
47

 

 

The „enhanced greenhouse effect‟ (commonly referred to as „climate change‟) describes 

the increased concentrations of GHGs in the atmosphere due to increasing 

industrialization and human activities over the past 150 years. As a result, the earth is 

heating up at an unprecedented rate (i.e. global warming) making it less hospital for 

human beings. The National Aeronautics and Space Administration (NASA) ranked 

                                                
47 Hansen et al. (2007) estimated the 1951-1980 global mean temperature to be 14°C and Hansen et al. 

(2010) concluded there was no reduction in the global warming trend of 0.15°C - 0.20°C per decade that 

began in the late 1970s.  
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2000-2009 as the warmest decade on record back to 1880, a clear warning trend is 

present (ScienceDaily,  2010).  

 

New Zealand, for instance, will likely face the following impacts of climate change 

(Ministry of the Environment, 2001): (1) higher temperatures, more so in the North Island, 

which might reduce the supply of ground water and increase water demand during hot, 

dry summers and alter the current electricity seasonal consumption pattern; (2) rising sea 

levels will increase the risk of erosion and saltwater intrusion; (3) a change in rainfall 

patterns – higher rainfall in the west and less in the east; (4) more frequent extreme 

weather events such as droughts (especially the eastern regions of NZ) and floods. These 

impacts might also disrupt existing native ecosystems and land use patterns, bring new 

challenges to the current approaches to energy and resource management and 

infrastructure systems, e.g. irrigation, water storage and drainage.  

 

When this global warming problem was more widely recognized, there was a worldwide 

desire to take actions to reduce human caused emissions and moderate climate change as 

soon as possible. However, as GHGs are global pollutants, which means they can travel 

extremely long distances in the atmosphere. The damage caused by them is an externality 

in both space and time.  

 

Spatially, the negative consequences are not exclusively borne by those who emit. Those 

who make no contribution to reduce emissions can free ride on the benefits arising from 

emission reductions initiated elsewhere. The strong free-rider effect discourages global 

participation in climate control. Temporally, the costs of reducing emissions fall on the 

current generation, while the benefits of control occur in the future, this makes the current 

generation more reluctant to make emission reductions (Tietenberg, 2006, p.410). As a 

consequence, uncoordinated decentralized market solutions to this problem cannot be 

relied on. There has to be global coordination to deal with global pollutants, although this 

kind of coordination is difficult to achieve. 
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5.2.2 The Kyoto Protocol 
 

In 1992 the international community recognized the potential negative impacts of climate 

change by adopting the United Nations Framework Convention for Climate Change 

(UNFCCC).
 
This aimed to stabilize greenhouse gas concentrations at a level that would 

prevent major human-induced interference with the climate system and implied major 

reductions in global emissions compared to current levels and future business as usual 

projections. 

 

When it became clear that the targets adopted by the Framework Convention were not 

met, the UNFCCC parties signed the Kyoto Protocol, which commits developed countries 

to legally binding emission reduction obligations.
 48

  It also provided for flexible 

mechanisms to enable these commitments to be traded between countries so that emission 

reductions could be located where they can be achieved at least cost.
 49

 

 

Six GHGs were included in the Kyoto Protocol to measure and monitor human caused 

emissions: carbon dioxide (CO2), nitrous oxide (N2O), methane (CH4), hydro 

fluorocarbons (HFCs), per fluorocarbons (PFCs), and sulphur hexafluoride (SF6). The 

aim of the Protocol is to reduce the emissions from developed country participants to 

around 5% below their 1990 level during the first commitment period (i.e. 2008-2012).  

 

New Zealand‟s primary obligation under the Kyoto Protocol is to monitor its emissions of 

the six Kyoto GHGs over the years 2008 to 2012 and ensure that on average they are 

equal to or less than 1990 emissions, or otherwise take responsibility for emissions above 

that level.
50

  

 

                                                
48 Countries with binding emission reduction targets are those so called “Annex I parties”, which comprised 

industrialized countries that were members of the OECD in 1992 plus countries with economies in 

transition.  

 
49 Three cooperative implementation mechanisms are authorized by the Protocol: Emission Trading, Joint 

Implementation, and the Clean Development Mechanism. 

 
50 Any Annex I country that fails to meet its Kyoto obligation will be penalized by having to submit 1.3 

emission allowances in a second commitment period for every ton of greenhouse gas emissions they exceed 

their cap in the first commitment period. 
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5.2.3 New Zealand emission profile 
 

According to the latest 2008 inventory report submitted in April 2010, New Zealand‟s 

total GHG emissions were about 74.7 million tonnes of CO2-e, which is 22% higher than 

the 1990 level of 60.8 million tonnes (Ministry for the Environment, 2010). NZ alone 

accounts for only 0.4% of total emissions of Annex I parties as at year 2008; however, 

between 1990 and 2007, NZ experienced the third highest growth rate in per capita 

emissions within the Annex I group and sat in the 5
th

 place in terms of emissions per 

capita in 2008 (World Resource Institute, 2011).  

 

In terms of agriculture‟s relative contribution to a country‟s emission profile, NZ was 

ranked first among Annex I countries; and in terms of the absolute increase in agricultural 

emissions for the 1990-2008 periods, NZ was ranked third behind Canada and the U.S. 

(UNFCCC, 2011).     

 

Table 1 shows the composition of NZ‟s greenhouse gas emissions in 2008, compared to 

1990. It also shows the 100 year Global Warming Potentials (GWP) used to convert the 

different gases into CO2 equivalent. For example, one tonne of CH4 is equivalent to 21 

tonnes of CO2 in terms of the heat it can trap in the earth‟s atmosphere. As one can see 

from the table, NZ‟s production has become relatively more emission intensive and 

therefore the economic cost of fulfilling the Kyoto obligation could be considerable.  

 

Table 1: Composition of New Zealand’s GHG Emissions 

Mega tonnes CO2 equivalent per year 

 100 year GWP 1990 2008 
Change from 

1990 % 
CO2 1 24.8933 36.0632 44.9% 
CH4 21 25.4564 25.8162 1.4% 
N2O 310 9.7789 11.9134 21.8% 
HFCs 140-11,700 - 0.8125 - 
PFCs 6,500-9,200 0.6299 0.0388 -93.8% 
SF6 23,900 0.0152 0.0145 -4.3% 
Combined total 60.7736 74.6587 22.8% 

Source: New Zealand‟s Greenhouse Gas Inventory 1990-2008  
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Shares of the different gases in 2008 emissions are presented in figure 1 and contrasted 

with the average shares in Annex I countries. This shows that NZ has a quite different 

emission profile, with methane (CH4) and nitrous oxide (N2O) accounting for 50.5% of 

total emissions collectively, compared to only 15.8% in other Annex I countries. 

 

Figure 2 shows the contribution of different sectors to gross emissions. As can be seen, 

unlike other Annex I countries, where CO2 emissions from energy (80%) dominate the 

profile, NZ‟s highest share is attributed to agriculture (46.7%), predominately methane 

(CH4) and nitrous oxide (N2O) emissions, followed by energy (45.3%). This is similar to 

Argentina, where emissions from agriculture add up to 42.5% of overall emissions and 

energy contributes 51.5% as at 2005 (World Resource Institute, 2010).  

 

The GHG inventory report (Ministry for the Environment, 2010) further indicates that 

emissions in the agricultural sector have increased by 9.3% from the 1990 level; 

primarily due to a 3.8% increase in methane (CH4) emissions from the enteric 

fermentation category and a 21.3% increase in nitrous oxide (N2O) emissions from the 

agricultural soil category. CH4 emissions from enteric fermentation now constitute 30.3% 

of NZ total GHGs emissions and N2O emissions from agricultural soils were 15.2%. 

 

The unique composition of NZ‟s GHGs stems from its resource endowments (temperate 

climate, abundant hydro and coal resources) and historical trade policies. Different from 

other developed countries, the comparative advantage of the NZ economy is in pastoral 

land-use activities. The dairy industry in particular, plays a significant role in terms of 

wealth generation, employment, and sustainability for rural communities as elaborated in 

the first chapter. The significance of agricultural emissions presents a particular challenge 

for solving NZ‟s global warming problem.   
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Figure 1: Greenhouse Gas Emissions by Gas 

CO2 equivalent basis 

 

 

Source: Annex I data is from UNFCCC GHG profile; New Zealand data is from the 1990-2008 inventory report 
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Figure 2: Greenhouse Gas Emissions by Source 

 

 

 

Source: Annex I data is from UNFCCC GHG profile; New Zealand data is from the 1990-2008 inventory report 
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5.2.4 The New Zealand Emission Trading Scheme  
 

In September 2007, as a way to comply with its Kyoto obligation, the NZ Labour 

government published the framework for a New Zealand ETS, which placed NZ as the 

first country in the world imposing a price of carbon over all sectors of the economy. 

Later on, the National led government amended some aspects of the ETS; the revised 

ETS became law in November 2009 and is subject to its first review in 2011. 

 

Emission trading is a financial market-based approach for reducing emissions of GHGs 

by charging those who emit. Emission units – sometimes called „carbon credits‟ – are 

traded between participants in the scheme. The primary unit of trade in the NZ ETS is a 

New Zealand Unit (NZU) issued by the Crown; participants are required to surrender 

NZUs to the Crown to meet their obligations under the scheme, they can also trade NZUs 

on the international market by exchanging them for Kyoto units (Ministry for the 

Environment, 2011). 

 

The economic rationality is to treat „the right to emit GHGs‟ as a common factor of 

production, similar to the role of labour and capital in traditional economic theory, where 

price is determined by the market. The economic model suggests that participants will 

choose to use emission units as long as the marginal benefit derived from consuming the 

last emission unit is greater than its cost (i.e. market price); and will choose to sell the 

emission units they have if the marginal benefit is lower than the market price. As a result, 

emission reductions will occur where they can be achieved at least cost.  

 

The introduction of the scheme is a staged process. Table 2 shows the starting time and 

point of obligation for each relevant sector as at January 2011. As can be seen, 

obligations to pay for agricultural emissions are set to begin on 2015 and were laid on 

upstream firms in the production process.  

 

However, NZ is the first Annex I country to bring the agricultural sector in line with the 

Kyoto Protocol, even knowing emissions from this sector constitute almost half of NZ‟s 

GHG emissions and cost-effective mitigation options are currently limited. This raises 
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competitiveness and profitability issues for domestic agricultural producers, especially 

dairying, which exports more than 95% of all its products.   

 

Table 2: The NZ ETS Entry Schedule 

Sector 
Mandatory 
reporting of 

emissions 

Full obligations: 
payment for emissions 

Participants: point of Obligation 

Forestry  1 January 2008 Owners of pre-1990 forest land 

Transport fuels 1 January 2010 1 July 2010 Suppliers 

Electricity production 1 January 2010 1 July 2010 Producers 

Industrial processes 1 January 2010 1 July 2010 Producers 

Synthetic gases 1 January 2012 1 January 2013 Suppliers 

Waste 1 January 2012 1 January 2013 Operators of landfills 

Agriculture 
(subject to review) 

1 January 2012 1 January 2015 

Meat and dairy processors, 
exporters of live animals, 
fertiliser importers and 
manufacturers, and egg 

producers.51 
Source: Ministry for the Environment 

 

 

5.2.5 Dairy industry in the Emission Trading Scheme 
 

The growth of the dairy sector over the past 20 years means that it is the single most 

important economic activity of the country and is expected to remain so in the 

foreseeable future. Climate change and the policy instruments to reduce emissions 

represent a fundamental issue for the dairy industry.  

 

A simple version of the relationships between the parties involved in dairy industry is 

described in figure 3 below; it is one of NZ‟s largest and best examples of a vertically 

integrated, co-ordinated global supplier industry.  

  

                                                
51 The Government has the flexibility to move the point of obligation to the farm level in the future, subject 

to the successful resolution of some practical issues, including the ability to verify emissions returns and to 

enforce compliance with the scheme.   
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Figure 3: NZ Dairy Industry Structure 
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To ease entry into the ETS, government will give participants an allocation of emission 

units in order to reduce the cost of compliance, and this allocation will vary depending on 

a participant‟s output.
52

 The initial allocation is set at 90% of an emission base line which 

will be determined by industry‟s average emissions per unit of output. Free initial 

allocations will be introduced in 2013 and phased out at 1.3% per year from 2016 

(Ministry of Agriculture and Forestry, 2010). Emission calculation is based on output 

intensity. To work out emissions, participants will need to multiply the quantity of a 

product by an emission factor for that product as set out in government regulations.  

 

Different from other sectors, the economic burden of the emission obligation is unlikely 

to be shared by all parties in the value chain no matter where the point of obligation is. 

This is because Fonterra, as the single largest NZ dairy products exporter, although it 

controls more than one third of the international dairy trade, it only accounts for just 2% 

of world dairy production. Therefore as a price taker in the international dairy market, 

unilaterally imposing emission costs on consumers implies losing market share. Most of 

the emission cost will eventually be borne by upstream dairy farmers because Fonterra is 

owned by the dairy farmers who supply the milk, emission obligation imposed at the 

processing level will be transferred to farming level through a reduction in milk payout. 

Nonetheless, other criteria should be evaluated when choosing the point of obligation as 

it does affect production and mitigation incentives of the parties involved.  

 

But before looking at the issue of where to place the emission obligation, it is desirable to 

consider whether or not the farm level is a possible candidate under the current emission 

monitoring and reporting technologies.  

 

Emissions from the dairy farming mainly consist of CH4 emissions from enteric 

fermentation, N2O emissions due to excreta deposited during animal grazing, and the 

application of synthetic fertilizers.  

                                                
52 However, the dairy industry does not qualify for free allocations to cover its CO2 emissions under the 

current ETS legislation.  
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At this stage, national CH4 emissions are calculated using two livestock datasets: (1) the 

regional level livestock population characterization data, obtained from Statistics New 

Zealand; (2) the livestock performance data, provided by the Livestock Improvement 

Corporation (LIC), such as information on milk yield, composition and animal liveweight. 

N2O emissions are calculated using the same livestock data plus country specific 

emission factors and the fraction of nitrogen deposited on the soil. These country specific 

emission factors are based on national averages. Farm level N2O emission rates will be 

strongly governed by farm specific factors, such as soil water content, which depends on 

the drainage class of pastoral soils; and the use of nitrification inhibitor, which is a 

mitigation technology designed to reduce N2O emissions and nitrate leaching.  

 

These existing calculations are also applicable at the farm level, and would be better than 

the current output intensity based approach as will be explained in the next section. In 

addition, replacement of those country specific emission factors used in N2O calculations 

with farm specific emission factors, if possible, will better reflect the actual NZ dairying 

emission performance and pave the path for more emission efficient dairy production.  

 

 

5.3 Point of Obligation Issue 
 

 

Who should be designated with the emission obligation in the dairy industry depends on a 

number of factors, including coverage, transaction costs, incentives to respond, abatement 

possibilities, the ability to innovate and diffuse technologies and responses to uncertainty 

and changes.  This section will look into each of these factors and discuss the experiences 

in other countries. 

 

5.3.1 Comprehensive coverage 
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Ideally, all the business units within the point of obligation should be targeted. When the 

dairy processing level is held to be responsible, as currently proposed, all the dairy 

processors will be obliged to hold emission units for the GHGs produced by the sector. 

On the other hand, if the obligation sits at the farm level, then individual dairy farms 

would have to surrender the emission units to cover the GHGs emitted at the farm level. 

And presumably, there would be a minimum number of livestock requirement for farms 

to be qualifying as a participant. Of course, the fewer parties there are, the easier it would 

be to ensure and manage complete coverage. Dairy processors are better candidates from 

this perspective because the industry has only a few dairy processors with Fonterra as the 

dominate player whereas the numbered dairy farms exceeds 11,000. 

 

5.3.2 Transaction costs 
 

Transaction costs include monitoring and enforcement costs, emission trading costs, etc. 

Requiring every business unit within the point of obligation to hold rights for emissions 

will incur transaction costs. The size of transaction costs will vary considerably and 

depend on the particular layer in the industry where the emission obligation is imposed 

upon. Generally, layers with a small number of parties and where the relevant data are 

already collected have low transaction costs (Small and Kerr, 2007). Transaction costs 

can be expected to increase as the coverage of emitters is more comprehensive. This 

might be one of the primary reasons the dairy processing level is chosen as the point of 

obligation in the ETS.   

 

5.3.3 Incentives to respond 
 

When „the right to emit‟ is no longer free, all entities that face the costs will respond 

accordingly. If rational, they will choose to emit only if the marginal benefits derived 

from consuming the right is greater than the costs.  

 

Imposing the emission obligation at the dairy processing level will induce weaker 

incentives to mitigate emissions compared to at the farm level due to the specific 
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structure of the industry. As mentioned before, the dominant player in the industry, 

Fonterra, is owned by the upstream dairy farms. The economic burden imposed at the 

processing level will be transferred to farm level through a reduction in milk payout and 

this reduction is universal to all, regardless of an individual farm‟s performance. Hence 

there would be no incentive for farms to adopt more emission efficient production 

practices, especially when those practices incur costs at the farm level. For instance, 

whether or not an individual dairy farm uses nitrification inhibitors does not affect the 

degree of reduction in its milk payout. 

 

We demonstrate the impact using a simple 2 - farm model. Suppose the dairy farming 

industry has only two farms producing the same level of output, denoted by yyy  21 ; 

their respective emissions are denoted by 1e  and 2e . Farm 1 emits less compared to farm 

2, so 21 ee  .  

 

Assume the market price for carbon is *p   which is exogenous and any emission 

reduction beyond 1e  costs more than *p  . Farm 2 however can achieve the same emission 

level as farm 1 at a cost of  . Further assume 

)1()()(
2

1
12

*

12

* eepeep    

This means   is smaller than the cost paying for 12 ee   units of emissions at a carbon 

price *p , but if this cost is shared equally among farms,   is greater than the cost of 

paying for farm 2‟s share, i.e. )(
2

1
12 ee  units of emissions. 

 

If the emission obligation is at the farm level, farm 2 will choose to spend   as it can 

save 0)( 12

*  eep . And this industry reduces 12 ee   units of emissions at a unit 

cost of 
12 ee 


. 
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But under the current ETS, emission costs are transferred to farms through a universal 

reduction in milk payout, this means each farm will pay *21

2
p

ee



, where 

2

21 ee 
 is this 

industry‟s average emission. If farm 2 spends  to reduce its emission level from 2e to 1e , 

the industry‟s average emission will be 1e  and farm 2 pay a total of *

1 pe , which is 

great than *21

2
p

ee



 according to equation (1). As a result, farm 2 won‟t choose to 

undertake emission reduction. The industry pays for 12 ee   units of emission at a carbon 

price of *p , which is greater than the unit cost of
12 ee 


when the emission obligation is 

at the farm level.  Farm 1 is penalized for being more carbon efficient as it subsidizes 

farm 2 by paying for
2

12 ee 
units of emissions.  

 

This suggests the point of obligation for farming emissions is better off at the farm level 

in terms of encouraging the adaptation of mitigation production. Besides the mitigation 

incentives, there are also efficiency implications of the ETS which might be good for the 

government to be aware of.  

 

The previous chapter found that there was considerable over application of fertilizer on 

NZ average dairy farms. Will the current ETS undermine the incentives to reduce this 

inefficiency? 

 

Let‟s denote the cost of being inefficient (i.e. incentives to reach full efficiency) in the 

absence of an emission cost as:  

)2()()( *

1

*

1 LLwFFw lf   

where fw denotes the fertilizer price and lw denotes the labour price. *

1F and *

1L  are the 

quantity of fertilizer and labour used at the cost efficient input bundle, and F and L are 

the actual fertilizer and labour used by an inefficient dairy farm such that *

1FF  .  
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Now there is an emission cost on fertilizer, so fw increases to fw , and the cost efficient 

input bundle contains *

2F and *

2L units of fertilizer and labour. The cost of being 

inefficient when there is an emission cost on fertilizer input is:  

)3()()( *

2

*

2 LLwFFw lf   

To compare these two inefficiency costs, we subtract equation (3) from equation (2) and 

get: 

)4()]()[()( *

1

*

1

*

2

*

2 LwFwLwFwwwF lflfff   

The first part of equation (4) is negative and represents the extra expenditure incurred for 

purchasing the same amount of fertilizer when its price increases. The second part is 

positive and denotes the increase in minimum production cost as a result of the emission 

cost on fertilizer. Equation (4) will be positive (i.e. the cost of being inefficient decreases 

when there is an emission cost on fertilizer) when the second part is great than the first 

part in absolute magnitude. This is mostly likely to occur when the ability to substitute 

away from fertilizer is relatively weak.  

 

Figure 4 illustrates the scenario of a farm‟s incentive to reach full efficiency is 

undermined when there is an emission cost on fertilizer using a diagram similar to figure 

2 in chapter IV. For a farm operating at point B, the cost efficient input bundle in the 

absence of an emission cost on fertilizer is denoted by point A, and the solid blue isocost 

line represents the minimum production cost when facing fertilizer price fw and labour 

price lw . The cost of being inefficient can be measured by the orthogonal distance 

between the solid blue isocost line and the dashed blue isocost line.  

 

When the fertilizer price increases as a result of the emission cost, the new cost efficient 

input bundle is denoted by point C, where the isoquant is tangent to the solid red isocost 

line, the minimum production cost when facing fertilizer price fw . Now the cost of being 

inefficient is measured by the orthogonal distance between the solid red isocost line and 
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the dashed red isocost line, which is smaller than the orthogonal distance between the 

blue isocost lines.  

labour
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Figure 4: Effects of an increase in fertilizer price for an inefficient farm
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5.3.4 Leakage concern 
 

Investment in dairy farming would become less attractive compared to the business as 

usual when there is a universal reduction in milk payout. If the total production in the 

sector deceases as a result, this lost production is likely to be matched by production in 

other places of the world given the world demand for dairy products is projected to 

increase in the future.  

 

Fonterra once declared NZ was one of the most greenhouse gas efficient dairy producers 

in the world (Hembry, 2008). Basset-Mens et al. (2008) investigated the environmental 
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performance of milk production based on a typical NZ dairy farm system.
53

 The potential 

environmental impact of milksolids are assessed by quantifying and evaluating the 

resources consumed and the emissions to the environment at all stages of its life cycle, i.e. 

from the extraction of resources (such as gas, metal), through the production of materials 

(such as electricity, machinery), and the product itself at the farm level.  

 

Compared with similar European studies, this investigation showed: per kilogram (kg) of 

milk produced in NZ, the Global Warming Potential (GWP) was 30% to 80% higher for 

all European systems.
54

 In the NZ system, 57% of GWP was due to CH4 emissions during 

cow digestion, 40% was associated with pasture and crop production for feed 

supplements, and CO2 emissions due to the use of fuel accounted for less than 9% of the 

total GWP. In terms of energy efficiency, the NZ system is in third place with 1.47 MJ/kg 

milk, slightly behind German organic (1.2 MJ/kg milk) and conventional extensive (1.3 

MJ/kg milk) systems.
55

 However, this could be due to the lack of fat adjustment for milk 

output in German studies.  

 

NZ‟s relative efficiency in GHGs and energy per unit of output rely essentially on 

permanent mixed pasture (clovers + ryegrass) grazed all year round. In the NZ climate 

(i.e. regular rainfall and not extreme soil moisture, moderate temperature, and adequate 

light), high yielding pasture (over 14 tonnes dry matter/hectare/year) is a key feature of 

the efficiency of the whole system. The presence of clover allows reduced use of nitrogen 

fertilizer because of its capacity for nitrogen fixation. In such pasture-based systems, 

cows ingest their feed from and apply their excreta directly on pastures. This very short 

cycle reduces the energy consumption and all associated impacts linked with the 

production and the transport of concentrated feed. 

 

                                                
53 This typical farm represents an average NZ dairy farm system in the season 2002/03, which has 111 

hectares of land, and 285 dairy cows.  

 
54 The European systems studied include: Sweden conventional and organic systems, German conventional 

extensive system, German conventional intensive system and German organic system.  

 
55 MJ = megajoule 



162 

 

The NZ dairy sector has an apparent natural competitive advantage, but this could be 

undermined by the current ETS. Leakage could occur if the total GHGs increase as a 

result of shifting production to countries that are less emission efficient and do not face 

any emission reduction obligations. In that case, the domestic dairy industry bears the 

cost of losing production and jobs only for an increase in global emissions.  

 

Both the mitigation incentive problem and leakage concern could be improved by placing 

the emission obligation at the farm level. Livestock population and performance data 

shouldn‟t be too costly to collect, emission obligation based on this farm level 

information would encourage the use of better diets and innovative management. Country 

specific emission rates for N2O calculation could be replaced by something based on farm 

specific practices and efficiency measurements thereby providing the incentive to adopt 

emission efficient production systems.  

 

5.3.5 Abatement possibilities 
 

In addition to planting forests/trees on farm land in order to earn carbon credits, 

improvements in on-farm productivity and efficiency have been identified as the key 

option to reduce agricultural emissions. Christie et al. (2008) studied the GHGs 

abatement options for the Australian dairy farming system and indicated at present, the 

best advice to dairy farmers is to follow current best practice for soil, pasture, fertilizer 

and herd management as listed below: 

 

 Herd management through balanced diet, reduce the number of unproductive animals, 

extend the lactation period and longevity of the herd; 

 Feeding fats, oils and condensed tannins, balancing energy and protein contents and 

pasture breeding; 

 Improving drainage, irrigation, effluent management and fertilizer management (rates, 

timing and type); apply nitrification inhibitors on fertilizer, feed to cows, or to 

pastures as a spray. 
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Recently, NZ biogeochemistry scientists proved the potential to reduce N2O emissions 

from animal urine by up to 70% by the application of 30 tonnes of biochar per hectare, 

incorporated into the pasture at a depth of 10cm (Carbon News, 2011).
56

 But this 

technology is still at its trial phase. Variety of soil types, crop species, biochar feedstock 

materials, process conditions and applications leads to a huge and diverse range of 

responses that are often contradictory. The safety, stability as well as the cost of the 

biochar products are still uncertain; more research is desired to verify the observed effects 

and to distinguish beneficial from detrimental biochar products (Australian and New 

Zealand Biochar Research Networks, 2008).   

 

All the above show that individual dairy farms have more control over possible 

abatement technologies compared to the dairy processing level, the question is “is the 

ETS designed in a way that provides them with the right incentive?”    

 

5.3.6 The ability to innovate and diffuse technologies 
 

When doing a direct comparison, the individual dairy farm does not have the resources 

necessary to discover innovative mitigation technologies. However, one should not forget 

the fact that they have the LIC, one of the largest integrated herd improvement 

organizations in the world. Thus, as a collective of dairy farmers, there is potential for 

innovative research and the diffusion of best management practice. Farmers also fund 

DairyNZ through a levy on milksolids, which finances most of the research on dairy farm 

production management.    

 

If the emission obligation is placed at the dairy processing level, passed on to dairy farms 

via a reduction in milk payout, and eventually making investment in NZ dairying less 

appealing, then there would be less resources for the industry to develop mitigation 

                                                
56 Biochar can be made from any organic feedstock, including wood, sewage and abattoir waste. It is 

produced by burning organic matter without oxygen in a controlled pyrolysis system. NZ scientists are also 

working with colleagues around the world to study the use of biochar to produce energy (such as biofuels 

and gases) and as a way of sequestering carbon in the soil.  
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technologies. From this perspective, emission obligations would be better placed at the 

farm level.  

 

5.3.7 Responses to uncertainty and changes 
 

Participation in the ETS means that producers will face uncertainties, such as, future price 

of emission units and production costs, and learning how to make necessary management 

changes to effectively deal with changes in relative prices. Ollikka (2006) showed that 

uncertainties coming from different sources affect in different ways risk adverse 

participants‟ production and investment decisions.  

 

Right now, the government has placed a price ceiling in the ETS, which capped the 

carbon price at $25/tonne of CO2-e. This will surely lessen the uncertainty associated 

with the cost of the emission obligation for the sector as a whole but there are still 

challenges during the development of a well functioning NZ carbon market. For instance, 

Fonterra‟s milk processing factories came into the ETS in July 2010 and found that there 

was a lack of liquidity and lack of a market standard for legal documentation, which 

caused them to spend a significant amount of time on negotiating terms of trade (Carbon 

News, 2011).  

 

Individual dairy farms might be in a weaker place in terms of handling carbon price 

volatilities compared to the dairy processing level. They might be also less capable of 

performing the actual trading on the carbon market due to lack of the desired financial 

knowledge. However, the choice of adopting limited current mitigation technologies lies 

mainly at the farm level. And no matter where the point of obligation sits at, dairy 

farming has to deal with uncertainties in production cost and milk payout as a result of 

increases in energy and fertilizer prices. If they are left out of the ETS as currently 

proposed, hence not able to receive any free emission allocations to help them ease the 

transition, there might be a drop in production and an underinvestment in more emission 

efficient production technologies due to a lack of certainty on profit and investment 

return.     
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5.3.8 The experiences in other countries 
 

Australia 
 

NZ is by far the first and only country in the world to propose bringing the dairy sector 

into its ETS; even Australia has not been able to match the NZ government‟s 

commitment to the climate change challenge.  Dairy is Australia‟s third largest rural 

industry behind the beef and wheat sector. There are about 7,511 dairy farms and 1.6 

million dairy cows during 2009/10 (Dairy Australia, 2010). Emissions from agricultural 

sector as a whole account for 16% of its total emissions as at year 2008.  

 

The Australian Government shared the same view that a cap-and-trade ETS is the most 

effective way of tackling climate change and therefore developed the Carbon Pollution 

Reduction Scheme (CPRS) to be implemented from 2011. However, due to a lack of 

bipartisan support on the CPRS, the Government announced in April 2010 that 

implementation of the CPRS would be deferred.  

 

The proposed CPRS does not include the agricultural sector as the Australian government 

believes it is not practical to do so at the moment given the problems associated with 

measuring agricultural emissions at so many locations across Australia. The Australian 

government proposes to make a decision on whether or not agricultural emissions will be 

included in the CPRS in 2013.  

 

Although excluded at this stage, there is an expectation that agriculture will contribute to 

reducing emissions. An agriculture work program was formed to evaluate a range of 

policy options that would enable the sector to work towards a voluntary reporting of 

emissions in 2011. And it has been proposed in the deferred CPRS that livestock farms 

might eligible to obtain „offset carbon credits‟ provided that they voluntarily adopt 

mitigation practices. 

  



166 

 

European Union 
 

The European Union has the world‟s largest number of dairy producers and is the major 

exporter of dairy products (Dairy Australia, 2011). It established the first multinational 

ETS in 2005, which is run in a series of defined phases and covers energy generators and 

energy-intensive industries only.  

 

The first phase began from 2005 and ended in 2007; the second phase is between 2008 

and 2012, coinciding with the first Kyoto commitment period; and the last phase is due to 

begin in 2013. The first phase of the scheme was perceived as a trial phase that 

established a market price for carbon, with an increasingly robust market in carbon 

futures providing a price signal over the long term. Now the EU carbon market is 

relatively well developed and, unlike the NZ carbon market, liquidity is not a problem, 

according to the British ETS expert Jill Duggan (Carbon News, 2011).  

 

An important lesson drawn from the first phase which NZ ETS designers should also 

keep in minds was that uncertainty associated with future emissions could result an 

oversupply of initial emission allocations, which might lead to a collapse of the trading 

system. The price of emission permit tripled in the first six months of Phase I, dropped by 

half in a one-week period in 2006, and declined to zero over the next twelve months. To 

provide stable incentives to emitters, banking of allowances and price floors should be 

incorporated into the design of an ETS. 

 

Agricultural emissions in the European Union were about 9% of total emissions as at 

2008, and it is highly unlikely that the sector will ever be included in the ETS. Given the 

lack of detailed emissions data across a large number of farms and limited opportunities 

for emission reductions, the EU does not perceive it as practical. More importantly, 

agriculture has long been heavily subsidized under the Common Agricultural Policy 

which represents 31% of the EU budget as at year 2010.  

 

The EU dairy subsidies in particular include a price programme implemented through 

government purchases for butter and skimmed milk powder, import taxes and export 
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subsidies, and production quotas (Bouamra-Mechemache et al. 2002). Following a price 

run-up, the EU dairy subsidies were discontinued in 2007, then reintroduced in 2009 in 

response to tumbling dairy prices in the world market. The EU believes they can 

encourage farm emission reduction efforts by redirecting these existing massive subsidies 

towards environmentally sustainable agricultural practices rather than through including 

the sector in the ETS (Bell, 2008).  

 

United States 
 

The United States accounted for 16% of dairy commodity export market by volume in 

year 2008, behind EU (32%) and NZ (22%) (Hembry, 2009). Agriculture in the U.S. was 

responsible for only 5.9% of total GHG emissions. There has been no national ETS 

established so far although America has long been seen as the pioneer in applying a cap-

and-trade emission trading system in solving air pollution problems. An early example of 

an ETS was the sulphur dioxide (SO2) trading system under the framework of the Acid 

Rain Program of the 1990 Clean Air Act. American corporations have been able to trade 

CO2 emissions on the Chicago Climate Exchange since 2003 under a voluntary scheme.  

 

The U.S. government reintroduced dairy subsidies in 2009 and it is more likely that 

emission reductions will be promoted by redirecting subsidies. Many existing voluntary 

federal programs in the current U.S. farm bill and state programs provide cost-sharing, 

low-interest financing and technical assistance to encourage farmers to implement GHG 

emission reduction practices.
57

 These voluntary programs are generally designed to 

address site-specific improvements at an individual farm level. Farmers in several states 

can also choose to participate in voluntary carbon credit trading programs, these 

programs “aggregate” carbon credits across many farmers and landowners; these credits 

may later be sold on the Chicago Climate Exchange and the revenues generated may help 

offset farm costs to install emission controls and/or practices that sequester carbon by 

providing a means for them to earn and sell carbon credits (Johnson, 2009).  

                                                
57 For example, several states, including Oregon, Wisconsin, Vermont and North Carolina, are promoting 

methane recovery and biofuels generation from livestock waste. 
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In summary, all major dairy producing countries are targeting the farm level to lower the 

dairy sector‟s emissions by focusing on providing reduction incentives.  While targeting 

the dairy processing level as the point of obligation has certain advantages, such as lower 

transaction costs and more complete coverage, it‟s also widely recognized that emission 

reduction efforts for this sector have to be made at the farm level. Therefore how to 

encourage more efficient dairy farm operation, how to promote innovation and adaptation 

of emission efficient production technologies, and how to equip farmers to face the 

uncertainties brought by the scheme, should not be left out in the design of the ETS. 

Failure to do so might jeopardize the competitiveness of the industry and result in carbon 

leakage.  

 

 

5.4 Implications for the NZ Dairy Farming Industry 
 

 

This section looks at the impact that the ETS could have on dairy farming sector. Part 1 

reviews existing studies that investigate the profitability/cost effects of the ETS; part 2 

applies cost frontiers to analyse the implications of the ETS for dairy farming. 

 

5.4.1 Studies on the costs of the ETS for NZ dairy farms 
 

MAF (2008) conducted an illustrative „static‟ analysis of the potential impacts of the NZ 

ETS on dairy farms using its 2006/07 „model dairy farm‟ budgets. By „model farm‟, it 

means an average dairy farm, having dairy cows and land areas approximately equal to 

the national mean values, i.e. a dairy farm producing 127,176 kilograms of milksolids 

with 360 milking cows and 126 hectares of milking area. By „static‟, it means input price 

changes as a result of the ETS implementation are assumed to have no impact on farm-

level output and consumption of electricity, fuel, fertilizer and other non-carbon inputs. In 

other words, the implications of those price changes on farm management practices are 

not modeled, with the exception of using nitrification inhibitor as a mitigation tool.  
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Field trials show the use of nitrification inhibitors can lead to significant reductions in 

nitrous oxide emissions in the dairy sector, provided soil temperatures are not too high 

nor the soil too wet. Reductions are conservatively estimated to amount to at least 20%.  

 

MAF (2008) therefore analyzed the impacts of the proposed ETS based on the 

assumptions that the international recognition of nitrification inhibitors as a mitigation 

tool is achieved and farmers use inhibitors to the maximum extent. Table 3 below 

summarizes the Ministry‟s estimates of the impact on this „model dairy farm‟ profits: 

 

At a carbon price of $25/tonne of CO2-e emissions and 90% free allocation based on 

output in 2005, farm profit is estimated to fall by 20.4%; and with the application of 

nitrification inhibitors alone, profit is predicted to increase by 17.9%. If output production 

is further expanded as a result of using nitrification inhibitors, then the profit is expected 

to increase further to 21.9%.  

Table 3: MAF - Percentage Change in Dairy Farm Profit58 

 Allocation of 90% 2005 emissions Full liability 

Carbon Price $15 $25 $50 $15 $25 $50 

1. No inhibitors -12 -20.4 -40.7 -36.8 -61.6 -123.1 

2. inhibitor + no increase in output 25.3 17.9 0.3 2.6 -19.9 -75.3 

3. inhibitor + 10% output increase 30.1 21.9 2.3 4.7 -20.3 -82.2 

 

 

The Carbon Farming Group (2010) conducted a case study to assess the financial impacts 

of the ETS on a South Waikato dairy farm producing 210,000 kilograms of milksolids 

from 535 dairy cows. Included in the operation is a 40 hectare dairy run-off, 140 yearling 

heifers and 120 rising two year old heifers. Annual GHG emissions from the case study 

                                                
58 This analysis was based on 2006/07 payout of $4.14/kg of milksolids. If the payout was set at $6.4/kg of 

milksolids, then this model dairy farm‟s profit would be down 24.5% at a carbon price of $50 and no free 

allocations (Carbon News, 14 April 2008). 
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farm are described in table 4 below. The Carbon Farming Group calculator was used in 

preparing the table.  

Table 4: Carbon Farming Group – Dairy Farm Total Annual GHG Emissions 

GHGs Source (Annual Emissions) Tonnes CO2 

Petrol 1,500      litres 4 

Diesel 11,000    litres 29 

Electricity 62,240    kWh 14 

Nitrogen    39           tonne 221 

Cows 535 1321 

Heifers 260 340 

  1,920 

 

 

Under the scenario of a 90% free allocation of carbon credits when the agricultural sector 

enters the scheme in 2015, farmers will be liable for only 10% of their livestock 

emissions (emissions for energy and fertilizer will be paid separately as the obligation has 

been factored in the prices paid for those inputs). This amounts to 166 tonnes of CO2 

obligations in 2015 for this case study farm. And when dairy processors pay for this, as 

proposed at present under a carbon price of $25/tonne, this amounts to a levy of about 

2.5c/kg milksolids and a total of $5,250. As the free allocation reduces at a rate of 1.3% 

per year from 2016, the livestock emission obligation for this case study farm will rise to 

$387,850 by 2040, in the absence of any abatement activity.  

 

Fonterra‟s guide to climate change (n.d.) reports a study that estimates the on-farm cost 

of the ETS, which includes increased farm energy expenses, as well as the increased costs 

during the milk processing and collection processes.
59

 Electricity prices rose 5% in July 

2010, and will rise a further 5% from 2013; petrol and diesel increased by 3.5 cents per 

litre due to the ETS in July 2010 and will rise a further by 3.5c per litre from 2013. Table 

5 presents the annual ETS costs per farm reported in the study based on an assumed 

carbon price of $25/tonne.  

                                                
59 Fonterra uses coal in manufacturing plants and diesel in the process of milk collection, the increased 

costs as a result of the ETS is estimated to be at $25 million per year from July 2010 and over $50 million 

per year after 2013.  Those costs will be reflected in the reduction in milk payout.  
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On-farm agricultural emissions are estimated to be reflected in a levy of 1.7c/kg 

milksolids in 2015 (as opposed to the Carbon Farming Group 2.5c/kg), and the total cost 

of the ETS amounts to a levy of 7.3c/kg milksolids.  

 

Table 5: Fonterra – Annual ETS Costs per farm and per kg of Milksolids 

Cost per Farm 2010 2011 2103 2015 

Fonterra costs $1,196 $2,427 $5,004 $5,174 

Farm fuel and electricity $581 $1,192 $2,496 $2,606 

On-Farm agricultural emissions $ - $ - $ - $2,425 

Total $1,777 $3,619 $7,500 $10,204 

Cost per kg of milksolids 2010 2011 2013 2015 

Fonterra costs $0.010 $0.019 $0.038 $0.037 

Farm fuel and electricity $0.005 $0.009 $0.019 $0.019 

On-Farm agricultural emissions $ - $ - $ - $0.017 

Total $0.014 $0.028 $0.056 $0.073 

 

 

There was no description of how the results were obtained in Fonterra‟s guide to climate 

change (n.d.). Studies undertaken by MAF (2008) and Carbon Farming Group (2010) 

have one shortcoming in common, the analysis is based on a single model/case dairy farm. 

In practice, farm size ranges from below 100 cows to thousands of cows. Input use is 

farm specific, not simply the fraction or the multiplication of the average figures; and 

when the relative input prices change, farms are unlikely to do nothing about it, there will 

be substitution between inputs. A study that takes the specific management structure of a 

dairy farm into consideration would add more insights into evaluating the economic 

impact of the ETS. 

 

5.4.2 A cost frontier analysis of the ETS Impacts on dairy farming 
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In the previous chapter, a simplified translog variable cost frontier for North Island and 

South Island dairy farms was estimated respectively and described in Appendix C. The 

first partial derivative of the estimated cost frontier with respect to an input price, e.g. 

fertilizer, can be seen as the “expected” conditional demand function for that input, in the 

absence of random shocks and inefficiency; these demand functions are listed in 

Appendix D of the last chapter.  

 

The “expected” conditional input demand for each sample observation were then 

calculated based on these demand functions and they were also the benchmark against 

which the input efficiency performances were evaluated. This section proposes how to 

conduct an analysis of the ETS impacts on dairy farms using the cost frontier approach.  

 

Because the main purpose is to demonstrate a potential application of stochastic frontier 

analysis rather than conducting a full assessment of the climate change policy impacts, 

the only scenario being tested is a 10 percent increase in fertilizer price as a result of the 

ETS.
60

 The manufacturing of ammonia and urea (basic chemical used in the production 

of nitrogen fertilizer) is an energy intensive process. Therefore local fertilizer producers 

have faced increased costs since July 2010 for the CO2 emissions occurred during 

production. When agriculture enters the ETS in 2015, the fertilizer price will increase 

further to cover the on-farm N2O emissions resulting from application (fertilizer supplier 

is designated with the agricultural emission obligation under the current ETS, together 

with agricultural commodity processors).  

 

Figure 5 illustrates the effects of an increase in price on fertilizer demand by 

demonstrating the relationship between the “expected” conditional fertilizer demand for 

each sample observation, and sample fertilizer prices.  

  

                                                
60The production process for fertilizer is highly emission intensive. The world fertilizer price has been 

following a sharp increasing trend in the past decade due to increasing global demand, high energy, raw 

materials, and transportation costs, etc. NZ is a net fertilizer importer, the dairy farming fertilizer index 

shows a 44% increase from 2000 to 2010 (StatisticsNZ, 2011).  The impact of the ETS on domestic 

fertilizer price is yet to be determined; the 10 percent increase used in this analysis is purely illustrative. 

MAF (2008, p.7) estimated a 7.6 percent increase in nitrogenous fertilizer price based on a carbon price of 

$25/tonne. 
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Figure 5: Expected fertilizer demand function 
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The impact of an increase in fertilizer price was analyzed for three dairy farms: a sample 

average dairy farm, a dairy farm with a sample minimum number of cows, and a dairy 

farm with a sample maximum number of cows respectively.
61

 The procedure is: (1) apply 

the estimated cost frontiers and conditional input demand functions to the three farms in 

each region, calculate the „expected‟ conditional variable production cost and input 

demands for each farm; (2) increase their respective fertilizer prices by 10 percent and 

repeat the first step.
62

  The results are listed in table 6.  

 

The effects on variable production expenditures range from a 1.55% increase to a 3.16% 

increase in North Island, the farm with sample minimum number of cows (i.e. 43 cows) is 

the one being affected the least and the farm with sample maximum number of cows 

(1,510), is affected the most. In the South Island, on the contrary, the farm with sample 

maximum number of cows (1,310) is affected the least, a 1.25% increase in variable cost; 

and the farm with sample minimum number of cows (55) is affected the most, a 1.82% 

increase.  

 

These results can be explained by the ability to substitute away from fertilizer. For the 

farm with the sample minimum number of cows in North Island, it can substitute 11% of 

the fertilizer with 2% increase in feed input and 2.4% increase in labour input. But for the 

farm with the sample maximum number of cows in North Island, 3.3% increase in feed 

and 4.3% increase in labour can only substitute for 7.8% fertilizer.  

 

                                                
61 A sample average dairy farm is a farm with the sample average number of cows, land areas, outputs and 

facing sample average input prices. 

 
62 These three farms in each region are described in Appendix A.  
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Table 6: Cost Frontier Analysis - Impacts of a 10% increase in fertilizer price 

North Island dairy farms variable cost per cow fertlizer demanded feed demanded labour demanded 

          

1. at the sample mean $744.26 233.19 kgs 122.75 tdm 3.58 FTEs 

2. fertilizer price increases by 10% $757.45 209.18 kgs 125.20 tdm 3.67 FTEs 

percentage change 1.77% ↑ 10.30% ↓ 2.00% ↑ 2.51% ↑ 

          

3. at the sample minimum $625.32 77.36 kgs 5.06 tdm 0.83 FTEs 

4. fertilizer price increases by 10% $634.99 68.88 kgs 5.16 tdm 0.85 FTEs 

percentage change 1.55% ↑ 10.96% ↓ 1.98% ↑ 2.41% ↑ 

5. at the sample maximum $687.59 2653.94 kgs 2232.70 tdm 12.66 FTEs 

6. fertilizer price increases by 10% $709.35 2446.72 kgs 2307.02 tdm 13.21 FTEs 

percentage change 3.16% ↑ 7.81% ↓ 3.33% ↑ 4.34% ↑ 

 

South Island dairy farms variable cost per cow fertlizer demanded feed demanded labour demanded 

          

1. at the sample mean $382.11 145.81 kgs 67.43 tdm 2.66 FTEs 

2. fertilizer price increases by 10% $388.09 134.62 kgs 68.47 tdm 2.71 FTEs 

percentage change 1.56% ↑ 7.67% ↓ 1.54% ↑ 1.88% ↑ 

          

3. at the sample minimum $518.31 57.33 kgs 11.42 tdm 0.66 FTEs 

4. fertilizer price increases by 10% $527.73 53.05 kgs 11.63 tdm 0.67 FTEs 

percentage change 1.82% ↑ 7.47% ↓ 1.84% ↑ 1.52% ↑ 

5. at the sample maximum $362.66 444.62 kgs 566.36 tdm 9.50 FTEs 

6. fertilizer price increases by 10% $367.19 409.36 kgs 573.44 tdm 9.62 FTEs 

percentage change 1.25% ↑ 7.93% ↓ 1.25% ↑ 1.26% ↑ 
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The implications are that the impacts of the ETS on NZ dairy farms may be unsymmetrical 

across regions. Large farms in the South Island will become more efficient because the cost of 

being inefficient when there is an emission cost on fertilizer is greater than the cost of being 

inefficient in the absence of such an emission cost as illustrated in equation (4) in section 3.
63

 

This would further encourage the trend of moving dairy production from North Island to large 

corporate South Island dairy farms.  

 

These results are also in accordance with the different production technologies of the two regions 

found in the technical efficiency analysis chapter. South Island dairying is relatively more capital 

and fertilizer intensive, they have more opportunity to adjust fertilizer consumption, hence being 

less impacted by an increase in fertilizer price.  

 

South Island farming technology was also found to be more advanced than the North Island.
64

 In 

other words, dairy production characterized by intensive capital and fertilizer defines the future 

development path of the sector, in the absence of policy distortions. The fact that the trends of 

shifting dairy farming from the North Island to the South Island is continuing, and will be 

encouraged by the ETS, is positive news for the sector given the potential gain in output 

associated with this movement.  

 

On the other hand, when the sector enters the ETS and fertilizer price goes up, the adaptation of 

more advanced production technology might be delayed, if not reversed, compared to the 

business as usual scenario, as dairy farmers are going to substitute away from fertilizer and use 

more of labour and feed. Unless dairy farms in other countries, especially NZ‟s competitors, also 

pay for GHG emissions involved in the production and application of fertilizer, NZ dairy 

farming technology will be deterred relative to others‟ development.  

                                                
63 Equation (4) will be negative if the first part is greater than the second part in absolute magnitude, i.e. the ability 

to substitute away from fertilizer is strong.  

 
64 A fully technically efficient dairy farm in the North Island is estimated to be only 76% efficient if evaluated using 

the South production technology.  

 



177 

 

5.5 Conclusion 
 

 

The damage caused by global warming is an externality in both space and time, there is a strong 

incentive for free-riding. Global coordination therefore is required to deal with the climate 

change challenge. The Kyoto Protocol was signed for this purpose and New Zealand is one of 

the Annex I countries with binding emission reduction obligation under the Protocol.  

 

The cap-and-trade emission trading scheme has been widely recognized as a cost effective way 

of targeting emission reductions, and this has been chosen by the NZ government as the prime 

mechanism to meet its Kyoto obligation. One should applaud the commitment shown by 

successive NZ governments to addressing the global warming problem. NZ is by far the first 

country in the world having an ETS that includes all sectors of the economy, agriculture will not 

be an exception. However, NZ is unique among Annex I parties because a significant share of its 

export receipts depend on pasture-land based agricultural production, especially dairy farming.  

 

The dairy industry has NZ‟s largest company, Fonterra Co-operative, to manage most of the 

dairy commodity processing and exporting. Fonterra is owned by the dairy farmers who supply 

the milk. The current ETS has assigned the dairy processors and fertilizer suppliers to pay for the 

emission obligation of the sector, probably because there is small number of participants 

involved. But most of the emissions are produced at the farm level, and most of the emission 

reduction efforts have to be made at the farm level. Designating the processing level with the 

emission obligation implies a universal reduction in milk payout, models show mitigation 

incentive and the incentive to reach full efficiency at the farm level might be negatively affected. 

In addition, being left out of the ETS without any emission allocations from the government, NZ 

dairy farmers will be placed in a vulnerable position to handle uncertainties in production costs 

and revenues brought by the ETS. The potential of losing production to countries which are less 

emission efficient and do not face any emission obligation should be considered, as the bottom 

line should be pay the emission cost for something better, not nothing, or even something worse. 

Experience in Australia, EU and the U.S., especially with respect to the mitigation incentives 

induced at the farm level, might be worth consideration in the design of the NZ ETS. 
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The Ministry of Agriculture and Forestry, Carbon Farming Group, and Fonterra have conducted 

different studies to estimate the impact of the ETS. At a carbon price of $25/tonne of CO2-e 

emissions, a 20.4% reduction in dairy farming profit, and a 1.7 – 2.5 cents reduction in payout 

(per kg of milksolids) have been predicted as the initial effect of paying for on-farm emissions, 

in the absence of abatement activities. None of the studies considers potential changes in 

management when the relative input prices change as a result of the ETS, they assume the farm 

will use the same quantities of various inputs. 

 

A demonstration of how a stochastic cost frontier can be used for an analysis of the ETS impacts 

therefore was introduced. The illustrative scenario was a 10% increase in fertilizer price induced 

by the ETS. Results show that North Island and South Island dairy farming are going to be 

affected in different ways. The negative cost effects are smaller for large dairy farms in the South 

Island because they can substitute relatively more fertilizer using relatively less other inputs. The 

implication is the trend of moving dairy production from North Island to South Island will be 

continued and further encouraged under the ETS. However the extra cost embodied in emission 

intensive inputs might discourage the production to involve into the more advanced technology 

over time, characterised by more dependence on fertilizer and capital (presumably irrigation).  

 

One should be aware that this analysis is purely illustrative and solely based on a 10% increase 

in fertilizer price. The impacts of other ETS costs, such as an increase in energy and fuel prices, 

a reduction in livestock value, are not modelled, which however could be done in future research 

with the availability of more comprehensive farm level data.  
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Appendix A 
 

The three dairy farms used in the impact analysis 

variables region sample mean 
sample mini. 
observation 

sample max. 
observation 

no. of cows North 241 43 1510 
  South 349 55 1310 

          
effective dairy hectares North 90.53 20 485 

  South 136.59 50 490 
          

milksolids/cow (kgs) North 312 244 264 
  South 354 505 338 

          
fertilizer price ($/100 g) North 14.35 5.65 12.90 

  South 14.90 9.37 13.94 
          

feed price ($/t.dm) North 236 352 103 
  South 247 248 132 

          
labour price ($/FTE) North 32679 25000 36808 

  South 35643 30800 35602 
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Chapter VI: Conclusions 

 

 

6.1 Objectives 
 

 

The NZ dairy industry has experienced a dramatic expansion over the past 20 years or more. 

This expansion is characterized by an unsymmetrical development between North Island and 

South Island. The North Island (especially Waikato and Taranaki) is the traditional dairy farming 

region due to its favorable climate and productive pastures.  But the improvements in energy-

using mechanization, increasing utilization of commercial fertilizers and the expanding use of 

irrigation water simulated a great development of farming in the South Island, which has 

becoming an increasingly important dairying region  in NZ today.  

 

The contributions of the dairy industry‟s continuous growth on the wellbeing of the economy are 

undeniable. Maintaining productivity growth however is a challenge for the dairy industry for 

several reasons. These include the difficulty of having continuous significant scientific 

breakthroughs to advance the production technology, increasing environmental concerns (for 

example, limitations on water for irrigation in Canterbury and concerns about nitrates), and the 

recently established NZ Emission Trading Scheme, which proposes to hold the industry 

responsible for its on-farm emissions in 2015.  

 

As a result, it becomes more important than ever before for the industry to evaluate its current 

dairy farming efficiency performance. Productivity growth can be attributed to the discovery of 

new production methods and efficiency improvements. In the absence of technical advancement, 

improvements in efficiency is the major way to raise on-farm productivity and economic returns. 

Especially regarding those inputs having potential environmental side effects, more efficient 
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application will relieve dairy farms‟ environmental pressure and their payment for emission 

obligations without loss of production or additional costs.  

 

The overall objective of the thesis is to conduct an efficiency analysis for NZ dairy farms and the 

resulting implications regarding the issue of climate change. The specific objectives are:  

 

1. To investigate if North Island and South Island dairy farming share the same production 

technology; 

2. To measure the technical and cost efficiency performance of NZ dairy farms and explain 

efficiency differences across farms;  

3. To define and evaluate the input efficiency performance within a stochastic cost frontier 

framework; 

4. To discuss the climate change challenge for NZ dairy industry, especially the point of 

obligation issue for the industry in the ETS; 

5. To derive a model that can be used to assess the impacts of the ETS, particularly changes in 

farming practices when relative input prices change.  

 

 

6.2 Results Summary 
 

 

Chapter II briefly discusses performance measurement concepts and the techniques that can be 

used to measure farm-level efficiency. In summary, the two principle methods that have been 

used to compute the benchmark „best practice‟ against which efficiency is measured are data 

envelopment analysis (DEA) and frontier analysis, which involves mathematical programming 

and econometric modelling, respectively.  

 

DEA is basically about construction of a non-parametric piece-wise surface over the data to be 

used as the benchmark frontier; its implementation does not require the imposition of an 

algebraic form describing the shape of the frontier, econometric modelling however does.  When 

the functional form is specified then the unknown parameters of the function need to be 
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estimated. This makes econometric modelling more computationally demanding than DEA. But 

the advantages of having those estimated parameters to characterize the underlying production 

structures and the ability of conducting hypothesis testing, etc. make the extra computational 

burden worthwhile, especially when the research interests involve investigating the technology.  

 

Econometric modelling can be further categorized into deterministic frontier and stochastic 

frontier analysis (SFA). Deterministic frontier attributes all deviations from the best practice to 

inefficiency, which is similar to DEA. SFA however attributes part of the deviation to random 

effects that are assumed to be outside the control of the operator.  

 

Given the research objectives and the existence and influence of random factors involved in 

agricultural production, SFA is chosen as the primary approach for measuring NZ dairy farming 

efficiency performance.  

 

6.2.1 Regional technological difference 
 

Chapter III specified a Cobb-Douglas stochastic production frontier (SPF) for NZ North Island 

and South Island dairy farms respectively based on an unbalanced panel of dairy farms observed 

during 1999-2007. A likelihood ratio (LR) test rejects the hypothesis of the same production 

technology and in favour of different production frontiers across regions. North Island dairy 

farming is characterized by relatively higher labour and electricity output elasticities, and South 

Island dairy farming is associated with higher fertilizer and capital output elasticities. Dairy 

farming in both regions exhibits decreasing returns to scale (DRTS). 

 

Following Battese et al. (2004) and O‟Donnell et al. (2008), a meta-frontier model was used to 

compute a common production frontier for dairy farming production across North Island and 

South Island. Results suggest that South Island farming technology is more advanced compared 

to the North and it defines the potential best production technology available for the NZ dairy 

farming.  
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This technological difference is further confirmed in chapter IV, in which a simplified translog 

stochastic cost frontier (SCF) was developed for these two regions respectively using data from 

1999-2005. The LR test rejects the hypothesis that the two regions operate under a common cost 

frontier.  

 

6.2.2 Technical efficiency performance 
 

Relative to their own regional SPFs developed in chapter III, North Island dairy farms have an 

output-oriented average technical efficiency (TE) score of 92% and South Island 82% over 1999-

2007, meaning if all farms become fully technically efficient, output could increase up to 8% in 

North Island and 18% in South Island without additional inputs.  

 

Technological Gap Ratio (TGR), denoted by the distance between the North Island production 

frontier and the South Island production frontier (i.e. the meta-frontier), was estimated to be 76% 

on average, implying if the North Island dairy farms successfully catch up with the South Island 

dairy farming technology, output could increase by up to 24%.  

 

6.2.3 Cost efficiency performance  
 

Benchmarked against a short run SCF developed for each region in chapter IV, North Island 

dairy farms have an average cost efficiency (CE) score of 83% and South Island 80% over 1999-

2005. This suggests that if all farms produce at their least cost, given the output produced and 

fixed capital at disposal, variable production expenditure could be reduced by up to 17% in 

North Island and 20% in South Island.  

 

Similar results were obtained for the average TE rankings. Within North Island, Waikato has the 

best efficiency score averaged over the sample period (CE: 84.5%; TE: 93.2%); followed by Bay 

of Plenty (CE: 84.1%; TE: 93.1%) and Taranaki (CE: 81.7%; 92.5%). Sub-regional cost 

efficiency ranking is not available within South Island due to a lack of sub-regional code for 

sample observations in South Island. 
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6.2.4 Factors affecting efficiency performance 
 

The one-sided inefficiency error term contained in stochastic frontiers is modelled following 

Batteste and Coelli (1992, 1995). In chapter III, the herd size of a farm, the type of shed used and 

farming intensity were found to have a significant negative relationship with technical 

inefficiency for North Island dairy farms, implying larger farm, more advanced shed technology 

and more intensive farming are associated with higher TE performance in this region, cateris 

paribus. Whereas in the South Island, only herd size was found to have significant positive 

relationship with TE performance, farming intensity exhibits a negative association with TE.  

 

In chapter IV, capital intensity and average livestock market value were found to have a 

significant positive relationship with cost inefficiency for North Island dairy farming, and herd 

size had a significant negative relationship with cost inefficiency, suggesting that dairy farms 

having relatively more capital and better quality livestock are associated with lower CE 

performance, and larger farms are associated with higher CE performance in this region. The 

same applies to South Island dairy farming, except that the negative relationship between 

average livestock value and CE is insignificant.  

 

Overall, larger farms were found to have better efficiency performance in both regions. And 

farms that incur more capital cost per cow were found to have lower efficiency performance. The 

relationship between farming intensity and efficiency is positive in North Island, but negative in 

South Island.  

 

6.2.5 Input efficiency performance 
 

Conditional input demand functions at the least cost input bundle were derived for each sample 

observation by applying Shephard‟s lemma to the SCFs developed for each region in chapter IV. 

This conditional input demand is expected as it excludes the actual random effects and serves as 

the benchmark against which input efficiency is measured.  

 

Results indicate that employment in dairy farming could be expected to increase by 93% in 

North Island and 119% in the South Island to reach full efficiency. Average feed efficiency is 
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about 1.08 for North Island dairy farming, this small overuse of feed is potentially driven by a 

few recording errors. The average feed efficiency drops to 0.85 based on observations in the 95% 

percentile; whereas the South Island has an average feed efficiency score only 0.59, implying an 

expected increase in feed consumption up to 41% is desired. All the sampled observations are 

estimated to have a fertilizer efficiency score less than unity, meaning an over application of this 

input. The average fertilizer efficiency is only around 0.01 for both regions. This figure may be 

overstated due to data quality and lacks of on-farm fertilizer composition as well as soil quality 

information in the analysis. 

 

6.2.6 Technological change 
 

TC was estimated by incorporating a linear time trend and its squared-term in the SPFs 

developed in chapter III and SCFs in chapter IV. Results are summarized below:  
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The rate at which the respectively frontier shifts was found to be a decreasing function of the 

linear time trend most of the time. The average TC in North Island is estimated to be 0.0217 in 

the SPF, and -0.0064 in the SCF; whereas, the TC in the South Island SPF is constant and 

averaged at 0.0264 in the SCF.  

 

6.2.7 Policy implications 
 

An immediate implication of the empirical analysis is that policies aiming to promote more 

efficient dairy farming in the North Island should mainly focus on lifting the regional production 

technology, and encourage larger and more intensive farming operation. Policies aiming to 

promote the South Island dairy farming efficiency performance should focus on diffusing the 

current best management practices and support the development toward larger and more 
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extensive (instead of intensive) farms.  And farm operators should be advised that they need to 

be cautious regarding the use of capital which incurs relatively high maintenance cost and 

depreciation, as it is associated with high cost inefficiency as suggested by the analysis.   

 

Considerations for choosing the point of obligation for dairy industry in the NZ ETS were 

discussed in chapter V. Given the industry is vertically integrated, models suggest emission 

obligation at the dairy processing level (as currently proposed) would place farms in a vulnerable 

position in facing uncertainties brought by the ETS and induce weaker mitigation incentives at 

the farm level. It might also reduce the incentives for farms to become fully efficient, especially 

for those whose ability to substitute away from the emission intensive inputs is weak.  

 

6.2.8 Model the impacts of the ETS 
 

Given existing studies on the cost effects of the ETS (MAF, 2008; Carbon Farming Group, 2010; 

Fonterra, n.d.) are all static, ignoring the fact that farms will adapt to new operating 

environments. An illustration of the potential impact of a 10% increase in fertilizer price as a 

result of the ETS was based on the estimated SCFs and expected input demand functions in 

chapter IV. Those demand functions model the optimal use for a particular input as a function of 

its own price as well as other input prices. Results show that short term production expenditures 

increase from 1.25% to 3.16%.  

 

Large dairy farms in North Island are likely to be affected the most in terms of reduction in both 

profit and efficiency due to their relatively weak ability to substitute fertilizer with labour and 

feed, whereas large dairy farms in South Island are expected to be affected the least. The trend of 

moving dairy production from the North Island to South Island began from 1990s might continue, 

the movement toward advanced production technology, characterized by high fertilizer and 

capital output elasticities, however may be slowed, because more dependence on emission 

intensive inputs becomes less appealing in the face of the ETS. 

 



192 

 

6.3 Suggestions for Further Research 
 

 

Since there are only 355 observations for South Island dairy farms between 1999-2007 in chapter 

III and 187 observations during 1999-2005 in chapter IV, estimation results derived for the South 

Island dairy farms could be data specific as they are sensitive to outliers. Future analysis using 

more data could produce more robust results.  

 

There is great potential for reducing fertilizer use suggested in chapter IV, as substituting toward 

labour and feed improves the on-farm economic returns. The challenge is to find out the barriers 

that stop farms to reach their full efficiency, whether it is a lack of farm management knowledge, 

or it is difficult to find farm workers, or purely because there is no information regarding the soil 

quality, fertilizer and feed composition in the data. Future research could further investigate and 

model the input efficiency performance of NZ dairy farms once data containing more 

comprehensive information is available.  

 

Another area for future research is incorporating other important inputs, such as electricity, fuel, 

livestock, etc. into the cost frontier analysis so that we can measure their efficiency performance 

as well as conduct a full assessment of the impacts of the ETS.  

 

The value of irrigation can also be modelled in SFA. For instance, by incorporating dummy 

variables indicating the extent to which irrigation is used in the stochastic frontier, the associated 

parameter can be interpreted as an indication of the returns to irrigation. Or if information about 

the quantity of water used in on-farm irrigation is available, we could model it as an input and 

estimate the marginal value of water in dairy farming production.  

 

Future research could also apply Bayesian econometric methods which have the ability of 

imposing function regularity conditions locally prior to estimation (Griffiths et al. 2000) and the 

shadow cost system approach (Reinhard and Thijssen, 2000) to decompose allocative efficiency 

performance from cost efficiency.  
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