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Stocking Rate and Dairy Production in New Zealand: An Analysis of the UQR Model 

with Fixed Effects 

 

Abstract 

This paper analyzes the effects of stocking rate on dairy production, using New Zealand dairy 

farm business data for the period 2005-2014. Unlike previous studies that assume a 

homogenous relationship between stocking rate and dairy production, we contribute to the 

literature by investigating the heterogeneous effects of stocking rate on milksolids production 

and applying an unconditional quantile regression model with fixed effects to control for 

unobserved farm-specific traits that are time invariant. The empirical results show that stocking 

rate exerts significant heterogeneous effects on milksolids production at different quantiles. In 

particular, we find that an additional increase in stocking rate (i.e. one cow/ha increase) 

increases milksolids production per hectare by 0.18%~0.25% but decreases milksolids 

production per cow by 0.05%~0.12%. In addition, we find that milking interval, dairy breed, 

farm labour, access to irrigation and farm location are important factors that increase milksolids 

production. 

Keywords: Stocking rate; Milksolids production; Unconditional quantile regression; Fixed 

effects; New Zealand 

JEL Codes: C32; D13; D22 
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1. Introduction 

In response to price and other signals, dairy farmers have a range of available options to increase 

production. A typical option is to increase farm size, however, the rising cost and reduced 

availability of land suitable for dairy farming has meant that this option is increasingly limited 

or even non-existent (Fariña et al. 2011). An alternative approach is to intensify production on 

the existing farm area which generally involves either increasing yield per cow and/or the 

number of cows per hectare (i.e. stocking rate).  Among a range of interrelated factors (e.g., 

stocking rate, calving date, nitrogen fertilisation and concentrate feed supplementation) that 

affect dairy productivity in pasture-based systems, stocking rate has widely been accepted as 

the most important factor determining milk output (McCarthy et al. 2010; Monaghan et al. 2005; 

Macdonald et al. 2008; Fariña et al. 2011).1 In essence, appropriate dairy farm management that 

involves correctly aligning the stocking rate to the seasonal supply of pasture and herd intake 

demand facilitates pasture and supplementary feed utilization and improves farm economic 

performance. Increasing stocking rate can though bring environmental and animal welfare 

challenges (Spaans et al. 2018; Herzog, Winckler, and Zollitsch 2018), so it is important that 

when considering possible trade-offs that a clear understanding of its impact on production and 

profitability is attained. 

 Several studies have analysed the relationship between stocking rate and dairy production 

based on descriptive analysis of production data and/or different stocking rate experiments 

(Macdonald et al. 2011; Fariña et al. 2011; Fike et al. 2003; Baudracco et al. 2011; Patton, 

Pierce, and Horan 2016). Generally, they demonstrated that higher stocking rates contribute to 

an increase in milk production per hectare, but a decrease in milk production per cow. For 

example, Macdonald et al. (2008) found in New Zealand that with increasing stocking rate, 

milk production per hectare increased but there was a linear decline in production per cow. In 

                                                           
1 Stocking rate is generally defined as the number of milking cows per unit of effective land area (cows/hectare). 
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their meta-analysis, McCarthy et al. (2010) showed that an additional increase in stocking rate 

increases milk yield per hectare by 19.6 to 20.1%, but decreases daily milk yield per cow by 

7.4 to 8.7%. In an experimental study carried out in the Republic of Ireland between 2008 and 

2011, Patton et al. (2016) revealed that increased stocking rate on the grazing platform increased 

milk production per hectare. On one hand, a high stocking rate enables increased forage and 

supplement intake during lactation, especially when pasture growth is vigorous, and therefore 

less pasture is wasted due to trampling, fouling and rejection. On the other hand, if 

supplementary feed does not compensate for the reduction in pasture allowance, individual cow 

intake of pasture decreases as stocking rate increases, reducing milk yield per cow. 

 Stocking rate might affect dairy farms differently, given the possibility of different levels 

of productivity among farms. However, the existing literature relies on average estimates of 

stocking rate, which fails to disentangle the effects of stocking rate across different levels of 

dairy production. Knowledge of the relationship between stocking rate across the entire 

distribution of dairy production is fundamental to the sustainable management of intensified 

grazing systems, and can provide dairy industry stakeholders with information that can be used 

to help improve farm management practices and enhance the productivity and competitiveness 

of dairy farms. However, to the best of our knowledge, no previous studies have examined the 

heterogeneous impacts of stocking rate on dairy production.  

 The objective of this study is, therefore, to analyse the impact of stocking rate on dairy 

production. Using New Zealand DairyBase® data for the period 2005-2014, we analyse the 

impact of stocking rate on both milksolids production per hectare and milksolids production 

per cow.2 The contributions of this study are twofold. First, unlike previous studies that assume 

                                                           
2 Globally, milk is usually valued in two ways to reflect a milk component market price: milksolids price (i.e. the 

globally traded value of fat and protein products) and milk price (i.e. a fluid market milk price where milk 

composition is not considered). In the context of New Zealand, milksolids price is used in milk transaction markets.   
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a homogenous relationship across the entire distribution of dairy production, in this study we 

investigate the heterogeneous effects of stocking rate on milksolids production. Second, a fixed-

effects unconditional quantile regression (UQR) model is employed to control for unobserved 

farm-specific factors that are time invariant. This approach highlights the fact that the 

distribution of the outcome variable (i.e. milksolids production) can change in ways that are not 

revealed by an examination of averages. 

 The rest of the paper is organized as follows. Section 2 presents the data and descriptive 

statistics. Section 3 introduces the econometric model used in the present study. The empirical 

results are presented in Section 4, while the final section concludes 

2. Data and descriptive statistics 

The data used in the present study were from the DairyBase® database, which were collected 

annually through DairyNZ Economic Survey of dairy farmers.3 DairyNZ, which represents 

New Zealand’s dairy farmers, is funded by a levy on milksolids and through government 

investment. The survey was conducted mainly in five regions in the North Island (i.e. Northland, 

Waikato, Bay of Plenty, Taranaki, and Lower North Island) and three regions in the South 

Island (i.e. West Coast-Tasman, Marlborough-Canterbury, and Otago-Southland), covering the 

main dairy production regions in New Zealand. In consideration of the data availability, we use 

an unbalanced panel for the period 2005-2014 in this study. The final dataset includes 9,218 

observations based on 3,040 dairy farms (See Table A1 in the Appendix).   

The dependent variable considered in the present study refers to milksolids production, 

which is measured by both kg/hectare and kg/cow. Stocking rate refers to the number of cows 

milked per milking hectare (i.e. cows/hectare).4 The selection of the control variables is based 

on the existing literature on stocking rate and dairy production (Duguma et al. 2012; Ma et al. 

                                                           
3 DairyBase® is owned and managed by DairyNZ on behalf of the dairy farmers of New Zealand. 

4 The number of cows is calculated as the highest number of cows used for production during the season. 
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2018; Macdonald et al. 2011; McCarthy et al. 2010; Patton et al. 2016) and more pragmatically 

on the data available in DairyBase® (2006). In particular, we include variables representing 

herd size, farm size, milking interval, dairy breed type, paid labour (measured in full-time 

equivalent (FTE) where one FTE is equal to 2,400 hours of work a year) , unpaid management, 

irrigation access, and farm location in the analysis.  

Definitions of the selected variables are presented in Table 1, in addition to the descriptive 

statistics for these variables.  It shows that over the 2005 to 2014 period the average milksolids 

produced within the sampled farms is 1,107 kg/hectare or 370 kg/cow, which ranged from 239 

to 3,331 kg/hectare and from 118 to 743 kg/cow, respectively. During the same time period, 

average herd size was 473 cows, on 160 pasture hectares, which represents a stocking rate of 

2.96 cows/ha. The stocking rate in the sample varied between 0.98 and 7.88 cows/hectare. Table 

1 also shows that the majority of dairy farms (92%) in the sample chose to milk twice a day, 

and just around 50% of dairy farms used crossbred cows for milksolids production. On average, 

19% of dairy farms had access to irrigation and around 28% of the farms in the sample were 

located in the South Island. 

Figure 1 demonstrates the relationship between stocking rate and milksolids production per 

hectare over time. It shows that the average stocking rate has increased from 2.92 in 2005 to 

2.99 in 2014, while milksolids production has increased from 1,050 kg/hectare to 1,220 

kg/hectare during the same time period. The relationship between stocking rate and milksolids 

production per cow over the period is illustrated in Figure 2. Although there were some 

fluctuations during the period, average milksolids production per cow also increased from 356 

kg in 2005 to 402 kg in 2014  

Tables 2 and 3 present information on selected variables by milksolids production per 

hectare and by milksolids production per cow at the 10th, 30th, 50th, 70th and 90th quantiles, 

respectively. Table 2 implies that from the lowest 10th quantile of milksolids production per 
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hectare to the highest 90th quantile of milksolids production per hectare, the stocking rate 

increased from 2.15 cows/hectare to 3.41 cows/hectare. Table 3 shows that with increasing 

milksolids production per cow from the 10th quantile to the 90th quantile, the corresponding 

stocking rate has also increased, from 2.71 cows/hectare to 3.16 cows/hectare. The findings 

tend to suggest that there is a positive linear relationship between stocking rate and milksolids 

production per hectare. However, it is not possible to conclude that stocking rate increases 

milksolids production per hectare or milksolids production per cow significantly, because 

simple descriptive statistics do not control for other factors (e.g., herd size, farm size, labour 

availability, and farm location) that may also affect milksolids production. Therefore, we 

employ an econometric approach to estimate the impact of stocking rate on dairy production 

and provide robust results.  

3. Econometric model 

To estimate the impact of stocking rate on milksolids production, we start with a simple 

empirical model of the following form: 

ln(𝑌𝑖𝑡) = 𝛽0 + 𝛽𝑖𝑡𝑆𝑖𝑡 + 𝛾𝑖𝑡�̅�𝑖𝑡 + 𝜀𝑖𝑡                                    (1) 

where ln(𝑌𝑖𝑡)  refers to the log-transformed outcome variable (i.e. milksolids production per 

hectare or milksolids production per cow) by farm 𝑖 in year 𝑡; 𝑆𝑖𝑡 refers to stocking rate of farm 

𝑖 in year 𝑡; �̅�𝑖𝑡refers to a vector of control variables (e.g., herd size, farm size, milking interval, 

dairy breed, paid labour, unpaid management, irrigation access and farm location) that are 

expected to affect milksolids production; 𝛽0 is the constant term; 𝛽𝑖𝑡 and 𝛾𝑖𝑡 are parameters to 

be estimated; 𝜀𝑖𝑡 represents the idiosyncratic error term which is assumed to be independent 

and identically distributed.  

 In Equation (1), the effect of stocking rate on milksolids production is captured by 𝛽𝑖𝑡. 

Given the nature of panel data, a fixed effects model or a random effects model can usually be 
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used to estimate the homogenous/mean-based effect of stocking rate on milksolids production.5 

However, in the present study, we are more interested in estimating the heterogeneous effects 

of stocking rate on milksolids production, therefore a quantile regression model is preferred. 

Conditional quantile regression (CQR) and unconditional quantile regression (UQR) models 

have both been applied in empirical studies. For example, using a CQR model, Mishra and 

Moss (2013) analyzed how off-farm income of farm households affects farmland values in the 

U.S.. Relying on the UQR approach, Maclean et al. (2014) investigated the effect of cigarette 

tax increases on the number of cigarettes smoked in the past 30 days among a sample of adult 

smokers, and  Khanal et al. (2018) estimated the impact of participation in certified organic 

food production on farm financial performance.  

 In the present study, the UQR model developed by Firpo et al. (2009) is adopted, because 

it is generally confirmed that the UQR model provides more policy-relevant information than 

the CQR model (Maclean, Webber, and Marti 2014; Powell 2010; Borah and Basu 2013; 

Khanal, Mishra, and Honey 2018). This is part due to the fact that when compared with the 

UQR model, the quantiles in the CQR model are defined pre-regression and thus do not change 

when dropping or adding covariates in the model (Killewald and Bearak 2014).6  

 The UQR approach involves regressing the Recentered Influence Function (RIF) of the 

unconditional quantile of the dependent variable (i.e. milksolids production) on the explanatory 

variables. Following Firpo et al. (2009), the RIF of the τ-th quantile of the 𝑌𝑖𝑡 distribution can 

be defined as: 

𝑅𝐼𝐹(𝑌𝑖𝑡; 𝑞𝜏, 𝐹𝑌𝑖𝑡) = 𝑞𝜏 +
𝜏−𝕝{𝑌𝑖𝑡≤𝑞𝜏}

𝑓𝑦(𝑞𝜏)
               (2) 

                                                           
5 A fixed effects model assumes that the individual specific effect is correlated to the independent variable, while 

a random effects model assumes that the individual specific effects are uncorrelated with the independent variables.  

6 The CQR model measures 
𝜕𝑌 (𝑞𝑡ℎ|𝑆, 𝑋)

𝜕𝑆
, while the UQR model measures 

𝜕𝑌 (𝑞𝑡ℎ)

𝜕𝑆
. 
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where 𝑌𝑖𝑡 is the outcome variable (i.e. the milksolids production per hectare or per cow); 𝑞𝜏 is 

the value of the outcome variable at the quantile𝜏; 𝐹𝑌𝑖𝑡  is the cumulative distribution function 

of 𝑌𝑖𝑡; 𝕝{𝑌𝑖𝑡 ≤ 𝑞𝜏} is a dummy variable which indicates whether the outcome variable is below 

𝑞𝜏 ; 𝑓𝑦(𝑞𝜏)  is the density at the point 𝑞𝜏  (as estimated by Kernel methods). After this 

transformation, a least squares regression with the RIF as the dependent variable can be 

undertaken. For example, for the 50th percentile of the distribution, the feasible empirical RIF 

would be computed as: 

𝑅𝐼𝐹(𝑌𝑖𝑡; 𝑞0.50, 𝐹𝑌𝑖𝑡) = �̂�0.50 +
0.50−𝕝{𝑌𝑖𝑡≤�̂�0.50}

𝑓𝑦(�̂�0.50)
                (3) 

Given our data sample includes 9,218 observations based on 3,040 dairy farms for the 

period 2005-2014, we need to include fixed effects in the UQR model estimations in order to 

control for all unobserved farm-specific traits that are time invariant. For this consideration, 

different strategies have been practiced in previous studies. For example, Killewald and Bearak 

(2014) used a computationally undemanding approach of demeaning their variables and 

including the demeaned variables in an ordinary least-squares model. However, this approach 

generates complications in terms of estimating the standard errors. By contrast, Budig and 

Hodges (2014) suggested a least-squares dummy variables (LSDV) approach that is less prone 

to coding errors, however this estimator is very slow when high-dimensional fixed effects are 

included.  

Alternatively, Borgen (2016) extended the work of  Firpo et al. (2009) and introduced a 

two-step approach that allows us to easily include high-dimensional fixed effects in the UQR 

model. The UQR fixed effects model has been applied in recent studies (e.g., Markowitz et al. 

2017; Wang and Lien 2018).7 In its application to this study, the density is estimated using the 

Gaussian Kernal and the Silberman optional bandwidth, while standard errors are bootstrapped 

                                                           
7 The UQR fixed effects model can be implemented by “xtrifreg” in STATA. 
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with 200 replications and clustered on the individual farms. For comparison purposes, we also 

report the results estimated from a fixed effects model where the mean-based effect of stocking 

rate on dairy production is estimated.  

4. Empirical results 

4.1 Modelling the effects of stocking rate on milksolids production per hectare 

The estimates for the impact of stocking rate on milksolids production per hectare using the 

UQR model with fixed effects are presented in Table 4. For the sake of simplicity, we only 

present the results estimated at the 10th, 30th, 50th, 70th and 90th quantiles. For comparison 

purposes, we also present the results for the fixed effects model in the last column of Table 4.  

 Table 4 shows that the impacts of stocking rate are uniformly positively across the UQR, 

suggesting that an increase in stocking rate is associated with an increase in milksolids 

production per hectare. The stocking rate’s positive impact remains even after controlling for 

important farm-specific characteristics and unobserved fixed effects. The results show that 

stocking rate has the largest effect on milksolids production per hectare at the 50th quantile, and 

an additional increase in stocking rate (i.e. one cow/ha increase) increases milksolids 

production per hectare by 0.25%. At the lowest 10th quantile and the highest 90th quantile, an 

additional increase in stocking rate increases milksolids production per hectare by 0.18% and 

0.21%, respectively. These findings cannot be observed if we only refer to the descriptive 

results in Table 4 which show a linearly increasing relationship between stocking rate and 

milksolids production per hectare across the selected quantiles. The results estimated from the 

fixed effects model show that an additional increase in stocking rate increases milksolids 

production by 0.23%. The estimates suggest that using the UQR model with fixed effects is 

more efficient than using the mean-based fixed effects model estimation. Our findings of the 

positive relationship between stocking rate and milksolids production per hectare are consistent 

with previous studies in the literature (Patton, Pierce, and Horan 2016; Macdonald et al. 2008; 
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Monaghan et al. 2005). 

Herd size and farm size affect milksolids production per hectare differently at different 

quantiles. The results show that for every 100 cows increase in herd size milksolids production 

per hectare increases by 6.4% at the 10th quantile and 9% at the 90th quantile. However, at the 

50th quantile, our results show that every 100 increase in herd size decreases milksolids 

production per hectare by 3.2%. Our results also show that every 100 hectare increase in farm 

size decreases milksolids production per hectare by 33% at the 10th quantile and 22% at the 90th 

quantile, respectively. Note that the fixed effects model estimates show that every 100 increase 

in herd size increases milksolids production per hectare by 1%, while every 100 hectare increase 

in farm size decreases milksolids production by 9.2%. The UQR model with fixed effects 

provides more information by investigating the impact of herd size and farm size on milksolids 

production.  

The labour variables appear to have important impacts on milksolids production per hectare. 

The coefficients of paid labour are positive and statistically significant at all selected quantiles, 

suggesting that an additional increase in paid labour increases milksolids production per hectare 

by 0.04% at the 10th quantile and by 0.03% at the 90th quantile. The unpaid management affects 

milksolids production significantly only at the 10th and 50th quantiles, increasing milksolids 

production by 0.04% and 0.03%, respectively.  

Following Thornton and Innes (1989), the proportional impact of the discrete variables 

including milking interval, dairy breed, irrigation and farm location on milksolids production 

is measured as 𝑝𝑖 = [exp(𝛼𝑖) − 1], where 𝛼𝑖 is the coefficient of the discrete variables. The 

estimated effect of milking interval on milksolids production per hectare at the lowest quantile 

is higher than that at the highest quantile. For dairy farms milking twice a day, the increase in 

milksolids production per hectare at the 10th quantile is 15.26% (exp[0.142]-1) compared with 

dairy farms using other milking strategies (e.g., once a day or 3 times in 48 hours), while the 
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increase at the 90th quantile is 3.36%. Adoption of crossbred cows increases milksolids 

production per hectare positively. The results show that for dairy farms adopting crossbreed 

cows, the milksolids production significantly increases by 5% to 6% at the 30th and 70th 

quantiles. The finding of a positive relationship between crossbred cow adoption and milksolids 

production is in line with the argument that crossbreeding improves the health and efficiency 

of milking cows through: introducing favourable genes from other breeds; removing inbreeding 

depression; and maintaining the gene interactions that cause heterosis (VanRaden and Sanders 

2003; Abdulai and Huffman 2005).   

The results show that compared with dairy farms without irrigation, farms with access to 

irrigation increase per hectare milksolids production by 8.3% at the 30th quantile and by 9.3% 

at the 50th quantile, respectively. The finding is in line with McDowell (2017) who showed that 

the irrigation of dryland pastures can markedly improve the level of production from grazing 

systems. In contrast, the fixed effects model estimates presented in the last column of Table 4 

show that, on average, access to irrigation increases milksolids production per hectare by only 

3.9%.  

Dairy farms located in the South Island tend to have a higher milksolids production relative 

to their counterparts in the North Island (Table 4). In particular, the significant and statistically 

positive coefficient of farm location at the 70th quantile column suggests that milksolids 

production of dairy farms in the South Island is 13.39% higher than that of dairy farms in the 

North Island. This finding suggests the presence of location-fixed effects that affect milksolids 

production, which is in line with the argument of Macdonald et al. (2011) who stated that 

differences between farms in terms of soil fertility, climate, the availability and price of 

supplements all influence the amount of feed available per hectare, which finally impacts on 

farm economic performance.   

4.2 Modelling the effects of stocking rate on milksolids production per cow 
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Previous studies have shown that stocking rate increases dairy production per hectare, but 

decreases dairy production per cow (McCarthy et al. 2010; Macdonald et al. 2008). Therefore 

we develop our analysis beyond the impacts per hectare and estimate the heterogeneous impacts 

of stocking rate on milksolids production per cow and present the results in Table 5.  

 Our estimates show that stocking rate decreases milksolids production per cow, and all the 

estimated coefficients of stocking rate are negative and statistically significant at the 1% level. 

In particular, stocking rate has the highest impact on milksolids production per cow at the lowest 

10th quantile, decreasing milksolids production by 0.12%. At the 50th and 70th quantiles, an 

additional increase in stocking rate decreases milksolids production per cow by 0.10% and 

0.05%, respectively. Higher stocking rates on pasture-based systems may reduce dairy 

productivity because individual cow intake of pasture will reduce as stocking rate increases. 

Macdonald et al. (2008) summarized that shortening lactation length, lower peak, poorer 

persistency, and lower total amount of feed available per cow are the main determinants of 

lower milksolids production per cow with increasing stocking rate.  

Herd size affects milksolids production per cow significantly only at the 90th quantile, 

which suggests that every 100 cows increase in herd size increases milksolids production by 

2.5%. Farm size tends to have a negative and statistically significant impact on milksolids 

production per cow at all selected quantiles. For example, our estimates show that every 100 

hectare increase in farm size decreases milksolids production per cow by 8.2% at the 10th 

quantile and by 5.1% at the 70th quantile, respectively.  

Paid labour affects milksolids production per cow positively, but the effects are declining 

with increasing selected quantiles. In particular, we show that an additional increase in paid 

labour increase milksolids production per cow by 0.12% at the 10th quantile, while it only 

increases milksolids production per cow by 0.04% at the 70th quantile. With respect to unpaid 

management, our estimates suggest that an additional increase in unpaid management time 
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increases milksolids production per cow by 0.05% and 0.03% at the 30th and 50th quantiles, 

respectively. The effect of unpaid management on milksolids production per cow at the 70th 

quantile is the same with the effect estimated by the fixed effects model, which increases 

milksolids production per cow by 0.03%.  

The impacts of the discrete variables including milking interval, dairy breed, irrigation and 

farm location on milksolids production per cow are also measured as 𝑝𝑖 = [exp(𝛼𝑖) − 1], 

following Thornton and Innes (1989). The estimates show that relative to other milking 

strategies, milking twice a day increases milksolids production per cow by 2.33 to 3.67% at the 

selected quantiles. Adoption of crossbreed cows increases milksolids production per cow by 

5.34% at the 10th quantile and by 3.05% at the 30th quantile, respectively. Relative to dairy 

farms located in the North Island, those producing milk in the South Island at the 10th and 70th 

quantiles can produce 34.31 % and 10.63% more milksolids, respectively.  

4.3 Further estimations and discussions 

One of the primary objectives of pasture-based dairy producers is to maximize profitability of 

grazing land through increased pasture production and utilization. Given the findings that 

stocking rate increases milksolids production per hectare but decreases milksolids production 

per cow, should we expect that stocking rate affects dairy profitability per hectare positively 

but dairy profitability per cow negatively? To find an answer to the question, we estimated the 

impact of stocking rate on dairy profitability per hectare and dairy profitability per cow using 

the UQR models with fixed effects. For the sake of brevity, we only present in Table 6 the 

coefficients of stocking rate, while the coefficients of other variables are not included they are 

available on request.   

The results show that stocking rate has a positive impact on dairy profitability per hectare, 

but all the estimated coefficients are statistically insignificant. In comparison, the fixed effects 

model results, which are presented in the last column of Table 6, show that an additional 
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increase in stocking rate (i.e. one one/hectare increase) increases dairy profitability by 0.17% 

on average. In addition, stocking rate appears to have different impacts on dairy profitability 

per cow, but the impact is only statistically significant and negative at the 90th quantile. The 

coefficient of stocking rate at the 90th quantile suggests that an additional increase in stocking 

rate decreases dairy profitability per cow by 0.14%. The findings further confirm that the 

estimates of the UQR model with fixed effects enable to provide more information regarding 

the heterogeneous effects of stocking rate on dairy production. 

Given that dairy profitability is mainly determined by milksolids production, milk price 

and production costs, we also estimated the impact of stocking rate on dairy operating expenses 

per hectare and operating expenses per cow, respectively. 8 The results, which are presented in 

the lower parts of Table 6, show that stocking rate increases operating expenses significantly. 

The findings indicate that an additional increase in stocking rate increases operating expenses 

per hectare by 0.21% at the 10th quantile, 0.24% at the 70th quantile, and 0.33% at the 90th 

quantile, respectively. The effects of stocking rate on operating expenses per hectare at these 

three quantiles are higher than the effects of stocking rate on milksolids production per hectare. 

The findings suggests that although stocking rate increases milksolids production per hectare, 

it increases operating expenses as well, which finally restricts farmers to benefit from dairy 

farming through increasing stocking rate. With respect to operating expenses per cow, our UQR 

fixed effects estimates show that an additional increase in stocking rate decreases operating 

expenses per cow by 0.17% at the 10th quantile and by 0.08% at the 30th quantile, respectively.  

Generally, our estimates show that although increased stocking rate contributes to an 

increase in milksolids production per hectare, it also brings increased operating expenses per 

                                                           
8 In New Zealand, dairy farmers are usually price-takers and there exist small variations in milk prices among 

dairy farms. Thus, milk price is not a main indicator that determines dairy profitability in New Zealand, and this 

is supported by the findings in Ma et al. (2018). 
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hectare, resulting in no significant effect of stocking rate on dairy profitability per hectare. For 

example, increased stocking rate requires additional supplementary feed - an important input 

determining overall operating expenses (Patton, Pierce, and Horan 2016). In addition, although 

stocking rate has a negative impact on the operating expenses per cow, the magnitudes of 

reduction in operating expenses are smaller than the magnitudes of reduction in milksolids 

production per cow. Though overall this leads to an insignificant impact of stocking rate on 

dairy profitability per cow. The findings are quite similar to the findings of Ma et al. (2018) 

who found that intensifying dairy production in New Zealand does increase dairy productivity 

but does not increase profitability, because increased production costs due to intensification 

cannot be compensated for by increased gross revenue. 

5. Conclusions 

This paper contributed to the literature by exploring the heterogeneous effects of stocking rate 

on milksolids production per hectare and milksolids production per cow, using New Zealand 

dairy farm business data for the period 2005-2014 provided by DairyBase®. We employed an 

UQR model with fixed effects to control for unobserved farm-specific traits that are time 

invariant. 

 Our estimates showed that an additional increase in stocking rate (i.e. one cow/ha increase) 

increases milksolids production per hectare by between 0.18 and 0.25%, with the highest effect 

occurring at the 50th quantile. Stocking rate decreased milksolids production per cow by 

between 0.05 and 0.12%, with the highest impact occurring at the 10th quantile. With respect to 

other factors that affect milksolids production, we found that paid labour, unpaid management, 

milking interval, dairy breed, irrigation access, and farm location increase both milksolids 

production per hectare and milksolids production per cow.   

 The further analyses revealed that stocking rate does not increase dairy profitability per 

hectare and dairy profitability per cow significantly. The results showed that an additional 



17 
 

increase in stocking rate increases operating expenses per hectare by between 0.18 and 0.33% 

at the selected quantiles. Stocking rate had a significant impact on the operating expenses per 

cow only at the 10th and 30th quantiles, decreasing the operating expenses per cow by 0.17% 

and 0.08%, respectively. However, the magnitudes of operating expenses reduction due to 

increased stocking rate are still smaller than that of milksolids production per cow reduction. 

These findings showed that increasing stocking rate also involves increased operating expenses, 

which reduces dairy farmers’ profits. 

 Our findings suggest that appropriate dairy farm management should consider the optimal 

stocking rate in their efforts to enhance farm economic performance through increasing 

stocking rate. The finding of the positive relationship between crossbred cow adoption and 

milksolids production suggests that promoting crossbred-cow adoption amongst dairy farmers 

could give a boost to the development of dairy industry. The finding that access to irrigation 

increases milksolids production highlights the importance of developing irrigation 

infrastructure to further improve the results of dairy farmers, by raising their milksolids output. 

 Although we provide important insights as to the heterogeneous relationship between 

stocking rate and dairy production, it should be noted that stocking rate (i.e. cows/hectare) used 

in this study does not take into account the mass and weight of cows and the quantity of dry 

matter available per hectare due to the absence of required data. This suggests that when the 

required data are available, it could be a promising area for future work to investigate how 

comparative stocking rate (i.e. kilograms of body weight per tonne of feed available) affects 

dairy production. In comparison to stocking rate as defined in this study, the comparative 

stocking rate suggested in Macdonald et al. (2008) accounts for known or modeled variations 

in pasture production, the inclusion of supplementary feeds, and cow body weight (a proxy for 

genetic merit for milk production). 



18 
 

References 

Abdulai, Awudu, and Wallace E Huffman. 2005. “The Diffusion of New Agricultural 

Technologies: The Case of Crossbred-Cow Technology in Tanzania.” American Journal 

of Agricultural Economics 87 (3): 645–59. doi:10.1111/j.1467-8276.2005.00753.x. 

Baudracco, J., N. Lopez-Villalobos, L. A. Romero, D. Scandolo, M. Maciel, E. A. Comeron, 

C. W. Holmes, and T. N. Barry. 2011. “Effects of Stocking Rate on Pasture Production, 

Milk Production and Reproduction of Supplemented Crossbred Holstein-Jersey Dairy 

Cows Grazing Lucerne Pasture.” Animal Feed Science and Technology 168 (1–2): 131–

43. doi:10.1016/j.anifeedsci.2011.03.017. 

Borah, Bijan J., and Anirban Basu. 2013. “Highlighting Differences between Conditional and 

Unconditional Quantile Regression Approaches through an Application to Assess 

Medication Adherence.” Health Economics 22 (9): 1052–70. doi:10.1002/hec.2927. 

Borgen, N.T. 2016. “Fixed Effects in Unconditional Quantile Regression.” Stata Journal 16 

(2): 403–15. 

Budig, Michelle J., and Melissa J. Hodges. 2014. “Statistical Models and Empirical Evidence 

for Differences in the Motherhood Penalty across the Earnings Distribution.” American 

Sociological Review 79 (2): 358–64. doi:10.1177/0003122414523616. 

DairyBase®. 2006. “DairyBase® Report Description Handbook.” Hamilton, DairyNZ. 

Duguma, Belay, Yisehak Kechero, and G. P.J. Janssens. 2012. “Productive and Reproductive 

Performance of Zebu X Holstein-Friesian Crossbred Dairy Cows in Jimma Town, Oromia, 

Ethiopia.” Global Veterinaria 8 (1): 67–72. 

Fariña, S. R., S. C. Garcia, W. J. Fulkerson, and I. M. Barchia. 2011. “Pasture-Based Dairy 

Farm Systems Increasing Milk Production through Stocking Rate or Milk Yield per Cow: 

Pasture and Animal Responses.” Grass and Forage Science 66 (3): 316–32. 

doi:10.1111/j.1365-2494.2011.00795.x. 

Fike, J.H., C.R. Staples, L.E. Sollenberger, B. Macoon, and J.E. Moore. 2003. “Pasture Forages, 

Supplementation Rate, and Stocking Rate Effects on Dairy Cow Performance.” Journal of 

Dairy Science 86 (4): 1268–81. doi:10.3168/jds.S0022-0302(03)73711-4. 

Firpo, Sergio, Nicole M. Fortin, and Thomas Lemieux. 2009. “Unconditional Quantile 

Regressions.” Econometrica 77 (3): 953–73. doi:10.3982/ECTA6822. 

Herzog, Anna, Christoph Winckler, and Werner Zollitsch. 2018. “In Pursuit of Sustainability 

in Dairy Farming: A Review of Interdependent Effects of Animal Welfare Improvement 

and Environmental Impact Mitigation.” Agriculture, Ecosystems and Environment 267 



19 
 

(July). Elsevier: 174–87. doi:10.1016/j.agee.2018.07.029. 

Khanal, Aditya R., Sachin K. Mishra, and Ummey Honey. 2018. “Certified Organic Food 

Production, Financial Performance, and Farm Size: An Unconditional Quantile Regression 

Approach.” Land Use Policy 78 (April). Elsevier: 367–76. 

doi:10.1016/j.landusepol.2018.07.012. 

Killewald, Alexandra, and Jonathan Bearak. 2014. “Is the Motherhood Penalty Larger for Low-

Wage Women? A Comment on Quantile Regression.” American Sociological Review 79 

(2): 350–57. doi:10.1177/0003122414524574. 

Ma, Wanglin, Kathryn Bicknell, and Alan Renwick. 2018. “Feed Use Intensification and 

Technical Efficiency of Dairy Farms in New Zealand.” Australian Journal of Agricultural 

and Resource Economics. doi:10.1111/1467-8489.12283. 

Ma, Wanglin, Alan Renwick, and Kathryn Bicknell. 2018. “Higher Intensity, Higher Profit? 

Empirical Evidence from Dairy Farming in New Zealand.” Journal of Agricultural 

Economics 69 (3): 739–55. doi:10.1111/1477-9552.12261. 

Macdonald, K.A., D. Beca, J.W. Penno, J.A.S. Lancaster, and J.R. Roche. 2011. “Short 

Communication: Effect of Stocking Rate on the Economics of Pasture-Based Dairy Farms.” 

Journal of Dairy Science 94 (5): 2581–86. doi:10.3168/jds.2010-3688. 

Macdonald, K.A., J.W. Penno, J.A.S. Lancaster, and J.R. Roche. 2008. “Effect of Stocking Rate 

on Pasture Production, Milk Production, and Reproduction of Dairy Cows in Pasture-

Based Systems.” Journal of Dairy Science 91 (5): 2151–63. doi:10.3168/jds.2007-0630. 

Maclean, Johanna Catherine, Douglas A. Webber, and Joachim Marti. 2014. “An Application 

of Unconditional Quantile Regression to Cigarette Taxes.” Journal of Policy Analysis and 

Management 33 (1): 188–210. doi:10.1002/pam.21724. 

Markowitz, Sara, E. Kathleen Adams, Mary Jane Lewitt, and Anne L. Dunlop. 2017. 

“Competitive Effects of Scope of Practice Restrictions: Public Health or Public Harm?” 

Journal of Health Economics 55 (September): 201–18. 

doi:10.1016/j.jhealeco.2017.07.004. 

McCarthy, B., L. Delaby, K.M. Pierce, F. Journot, and B. Horan. 2010. “A Meta-Analysis of 

the Impact of Stocking Rate on the Productivity of Pasture-Based Milk Production 

Systems.” Advances in Animal Biosciences 1 (2011): 148. 

doi:10.1017/S2040470010002918. 

McDowell, R. W. 2017. “Does Variable Rate Irrigation Decrease Nutrient Leaching Losses 

from Grazed Dairy Farming?” Soil Use and Management. doi:10.1111/sum.12363. 

Mishra, Ashok K., and Charles B. Moss. 2013. “Modeling the Effect of Off-Farm Income on 



20 
 

Farmland Values: A Quantile Regression Approach.” Economic Modelling 32 (May): 

361–68. doi:10.1016/j.econmod.2013.02.022. 

Monaghan, R. M., R. J. Paton, L. C. Smith, J. J. Drewry, and R. P. Littlejohn. 2005. “The 

Impacts of Nitrogen Fertilisation and Increased Stocking Rate on Pasture Yield, Soil 

Physical Condition and Nutrient Losses in Drainage from a Cattle-Grazed Pasture.” New 

Zealand Journal of Agricultural Research 48 (2): 227–40. 

doi:10.1080/00288233.2005.9513652. 

Patton, D., K.M. Pierce, and B. Horan. 2016. “Effect of Stocking Rate on Milk and Pasture 

Productivity and Supplementary Feed Use for Spring Calving Pasture Fed Dairy Systems.” 

Journal of Dairy Science 99 (7): 5904–15. doi:10.3168/jds.2015-10305. 

Powell, David. 2010. “Unconditional Quantile Regression for Panel Data with Exogenous or 

Endogenous Regressors.” SSRN Electronic Journal. doi:10.2139/ssrn.1722954. 

Spaans, O.K., K.A. Macdonald, J.A.S. Lancaster, A.M. Bryant, and J.R. Roche. 2018. “Dairy 

Cow Breed Interacts with Stocking Rate in Temperate Pasture-Based Dairy Production 

Systems.” Journal of Dairy Science 101 (5): 4690–4702. doi:10.3168/jds.2017-14032. 

Thornton, Robert J., and Jon T. Innes. 1989. “Interpreting Semilogarithmic Regression 

Coefficients in Labor Research.” Journal of Labor Research 10 (4): 443–47. 

VanRaden, P.M., and A.H. Sanders. 2003. “Economic Merit of Crossbred and Purebred US 

Dairy Cattle.” Journal of Dairy Science 86 (3): 1036–44. doi:10.3168/jds.S0022-

0302(03)73687-X. 

Wang, Wen, and Donald Lien. 2018. “Union Membership, Union Coverage and Wage 

Dispersion of Rural Migrants: Evidence from Suzhou Industrial Sector.” China Economic 

Review 49 (November 2017): 96–113. doi:10.1016/j.chieco.2018.02.001. 



21 
 

 

 

 

 

 

 

 

1,047 1,069
1,002

1,052 1,052 1,087
1,146 1,110

1,178 1,217

2.92 2.93 2… 2.96 2.98 2.98 2.93 2.96 2.97
2.99

2.7

2.9

3.1

3.3

3.5

3.7

0

200

400

600

800

1,000

1,200

1,400

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

S
to

ck
in

g
 r

at
e 

(c
o
w

s/
h
a)

M
il

k
so

li
d
s 

p
ro

d
u
ct

io
n
 (

k
g
/h

a)

Figure 1 The relationship between stocking rate and milksolids 

production per hectare over time (2005-20014)
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Table 1 Definition and descriptive statistics of the selected variables   

Variables Definition Mean Min. Max. 

Milksolids 

per hectare 

Milksolids production (kg/hectare) 1,107 239 3,331 

Milksolids 

per cow 

Milksolids production (kg/cow) 370 118 743 

Stocking rate Average number of peak cows milked per 

milking hectare 

2.96 0.98 7.88 

Herd size The highest number of cows milked (herds) 473 55 8,650 

Farm size The total pasture area for milking cows 

(hectares) 

160 25 2,280 

Milking 

interval 

1=milking twice a day, 0=others 0.92 0 1 

Dairy breed 1=Crossbred, 0=others 0.50 0 1 

Paid labour Full time equivalents (FTE) paid labour a 2.05 0 51.28 

Unpaid 

management 

The full time equivalent (FTE) of all unpaid 

(usually family) farm management. 

0.76 0 1 

Irrigation 1 if dairy farm has access to irrigation, 0 

otherwise 

0.19 0 1 

Farm location 1 If farm is located in South Island; 0=otherwise 0.28 0 1 

Profitability 

per hectare 

The operating profit of dairy production 

(NZ$/hectare) 

2,060 0.63 9,794 

Profitability 

per cow 

The operating profit of dairy production 

(NZ$/cow) 

688 0.30 2,470 

Operating 

expenses per 

hectare 

The operating expense of dairy production 

(NZ$/hectare) 

4,672 818 19,522 

Operating 

expenses per 

cow 

The operating expense of dairy production 

(NZ$/cow) 

1,568 411 5,827 

Note: More detailed definitions of the variables are available in DairyBase® (2006). 
a 1 FTE= 2,400 hours 
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Table 2 Farm-level characteristics by milksolids production per hectare quantiles during the 

period sampled (2005-2014) 

 Selected quantiles  

Variables 10th  30th  50th  70th  90th  Total 

Stocking rate (cows/ha) 2.14 2.68 2.92 3.09 3.41 2.96 

Herd size (cows) 378 395 438 451 603 473 

Farm size (ha) 177 149 152 147 176 160 

Milking interval (dummy) 0.77 0.90 0.93 0.94 0.98 0.92 

Dairy breed (dummy) 0.47 0.45 0.50 0.48 0.53 0.50 

Paid labour a 1.47 1.60 1.83 1.92 2.84 2.05 

Unpaid management b 0.81 0.80 0.785 0.79 0.70 0.76 

Irrigation (dummy) 0.04 0.07 0.11 0.17 0.44 0.19 

Farm location (dummy) 0.17 0.15 0.20 0.25 0.48 0.28 

a and b: Paid labour and unpaid management are measured by full time equivalents (FTE, and 1 FTE= 2,400 

hours) (DairyBase®, 2006). 
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Table 3 Farm-level characteristics by milksolids production per cow quantiles during the 

period sampled (2005-2014) 

 Selected quantiles  

Variables 10th 30th 50th 70th 90th Total 

Stocking rate (cows/ha) 2.71 2.86 2.91 3.02 3.16 2.96 

Herd size (cows) 407 407 433 490 584 473 

Farm size (ha) 154 146 151 162 182 160 

Milking interval (dummy) 0.76 0.88 0.94 0.97 0.97 0.92 

Dairy breed (dummy) 0.46 0.49 0.50 0.51 0.53 0.50 

Paid labour a 1.53 1.62 1.84 2.23 2.78 2.05 

Unpaid management b 0.75 0.76 0.78 0.74 0.73 0.76 

Irrigation (dummy) 0.05 0.08 0.15 0.24 0.39 0.19 

Farm location (dummy) 0.09 0.12 0.25 0.35 0.49 0.28 

a and b: Paid labour and unpaid management are measured by full time equivalents (FTE, and 1 FTE= 2,400 

hours) (DairyBase®, 2006). 
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Table 4 Impact of stocking rate on milksolids production per hectare: UQR and fixed-

effects OLS estimations 

 UQR with fixed effects  

Variables 10th  30th  50th  70th  90th  Mean c 

Stocking rate 

(cows/ha) 

0.18 

(0.06)*** 

0.23 

(0.03)*** 

0.25 

(0.03)*** 

0.22 

(0.03)*** 

0.21 

(0.05)*** 

0.23 

(0.02)*** 

Herd size (100 cows) 0.06 

(0.03)** 

-0.00 

(0.01) 

-0.03 

(0.01)*** 

-0.02 

(0.01) 

0.09 

(0.03)*** 

0.01 

(0.01)* 

Farm size (100 ha) -0.33 

(0.10)*** 

-0.07 

(0.05) 

0.03 

(0.03) 

-0.00 

(0.04) 

-0.22 

(0.07)*** 

-0.09 

(0.02)*** 

Milking interval 

(dummy) 

0.04 

(0.01)*** 

0.03 

(0.01)*** 

0.03 

(0.01)*** 

0.04 

(0.01)*** 

0.03 

(0.01)*** 

0.03 

(0.00)*** 

Dairy breed (dummy) 0.04 

(0.02)* 

0.03 

(0.02) 

0.03 

(0.01)** 

0.02 

(0.02) 

0.01 

(0.02) 

0.03 

(0.01)*** 

Paid labour a 0.14 

(0.04)*** 

0.08 

(0.02)*** 

0.04 

(0.02)** 

0.05 

(0.02)*** 

0.03 

(0.01)*** 

0.07 

(0.01)*** 

Unpaid management b 0.00 

(0.02) 

0.06 

(0.02)*** 

0.03 

(0.01)*** 

0.05 

(0.01)*** 

0.01 

(0.02) 

0.03 

(0.01)*** 

Irrigation (dummy) 0.02 

(0.06) 

0.08 

(0.04)** 

0.09 

(0.03)*** 

0.09 

(0.04)** 

-0.04 

(0.04) 

0.04 

(0.02)*** 

Farm location 

(dummy) 

0.35 

(0.22) 

0.17 

(0.12) 

0.12 

(0.09) 

0.17 

(0.08)** 

-0.02 

(0.10) 

0.19 

(0.07)*** 

Constant 5.96 

(0.21)*** 

6.02 

(0.11)*** 

6.16 

(0.09)*** 

6.31 

(0.09)*** 

6.57 

(0.16)*** 

6.16 

(0.05)*** 

R-square (within) 0.06 0.06 0.06 0.06 0.08 0.30 

F (8, 6170) 43.52 45.68 43.60 44.29 59.21  

Prob>F 0.00 0.00 0.00 0.00 0.00  

Observations 9,218 9,218 9,218 9,218 9,218 9,218 

Groups 3,040 3,040 3,040 3,040 3,040 3,040 
UQR: unconditional quantile regression; OLS: ordinary least square; 

The dependent variable is the log form of milksolids production measured in kg/ha. 

Bootstrapped standard errors are in parenthesis;  * p<0.1; ** p<0.05;  *** p<0.01 
a and b: Paid labour and unpaid management are measured by full time equivalents (FTE, and 1 FTE= 2,400 

hours) (DairyBase®, 2006). 
c The mean-based effects of stocking rate on milksolids production per hectare are estimated using a fixed 

effects model for panel data. 
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Table 5 Impact of stocking rate on milksolids production per cow: UQR and fixed-effects 

OLS estimations 

 UQR with fixed effects  

Variables 10th  30th  50th  70th  90th  Mean c 

Stocking rate 

(cows/ha) 

-0.12 

(0.04)*** 

-0.09 

(0.02)*** 

-0.10 

(0.021)*** 

-0.05 

(0.02)*** 

-0.11 

(0.02)*** 

-0.09 

(0.01)*** 

Herd size (100 cows) -0.01 

(0.02) 

0.01 

(0.01) 

0.01 

(0.01) 

0.00 

(0.01) 

0.03 

(0.01)*** 

0.01 

(0.01) 

Farm size (100 ha) -0.08 

(0.04)** 

-0.08 

(0.03)*** 

-0.08 

(0.03)*** 

-0.05 

(0.03)* 

-0.09 

(0.04)*** 

-0.07 

(0.02)*** 

Milking interval 

(dummy) 

0.12 

(0.03)*** 

0.09 

(0.02)*** 

0.06 

(0.01)*** 

0.04 

(0.01)*** 

0.02 

(0.02) 

0.07 

(0.01)*** 

Dairy breed (dummy) 0.02 

(0.02) 

0.05 

(0.01)*** 

0.03 

(0.01)*** 

0.03 

(0.01)*** 

0.01 

(0.01) 

0.03 

(0.01)*** 

Paid labour a 0.04 

(0.01)*** 

0.03 

(0.01)*** 

0.03 

(0.01)*** 

0.03 

(0.01)*** 

0.02 

(0.01)*** 

0.03 

(0.01)*** 

Unpaid management b 0.05 

(0.02)** 

0.03 

(0.01)*** 

0.01 

(0.01) 

0.01 

(0.01) 

0.02 

(0.01) 

0.03 

(0.01)*** 

Irrigation (dummy) -0.02 

(0.03) 

0.02 

(0.03) 

0.05 

(0.02)** 

0.06 

(0.02)*** 

-0.01 

(0.03) 

0.04 

(0.01)*** 

Farm location 

(dummy) 

0.30 

(0.14)** 

0.20 

(0.07)*** 

0.22 

(0.05)*** 

0.10 

(0.05)** 

-0.03 

(0.03) 

0.18 

(0.05)*** 

Constant 5.874 

(0.13)*** 

5.93 

(0.07)*** 

6.05 

(0.07)*** 

6.06 

(0.06)*** 

6.39 

(0.08)*** 

6.04 

(0.04)*** 

R-square (within) 0.02 0.03 0.03 0.02 0.011 0.07 

F (8, 6170) 14.68 19.08 18.81 14.49 7.56  

Prob>F 0.00 0.00 0.00 0.00 0.00  

Observations 9,218 9,218 9,218 9,218 9,218 9,218 

Groups 3,040 3,040 3,040 3,040 3,040 3,040 
UQR: unconditional quantile regression; OLS: ordinary least square; 

The dependent variable is the log form of milksolids production measured in kg/cow; 

Bootstrapped standard errors are in parenthesis; * p<0.1; ** p<0.05;  *** p<0.01; 
a and b: Paid labour and unpaid management are measured by full time equivalents (FTE, and 1 FTE= 2,400 

hours) (DairyBase®, 2006). 
c The mean-based effects of stocking rate on milksolids production per cow are estimated using a fixed 

effects model for panel data. 
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Table 6 Impact of stocking rate on dairy profitability per hectare, dairy profitability per cow, 

operating expenses per hectare, and operating expensed per cow: UQR and fixed-effects OLS 

estimations 

 UQR with fixed effects   

Variables 10th  30th  50th  70th  90th   Meana 

 Dairy profitability (NZ$/ha)   

Stocking rate (cows/ha) 0.03 

(0.28) 

0.16 

(0.15) 

0.06 

(0.11) 

0.14 

(0.09) 

0.15 

(0.10) 

 0.17 

(0.09)* 

 Dairy profitability (NZ$/cow)   

Stocking rate (cows/ha) 0.07 

(0.24) 

0.02 

(0.15) 

-0.03 

(0.09) 

-0.11 

(0.09) 

-0.14 

(0.08)* 

 -0.04 

(0.09) 

 Operating expenses (NZ$/ha)   

Stocking rate (cows/ha) 0.21 

(0.07)*** 

0.18 

(0.05)*** 

0.25 

(0.04)*** 

0.24 

(0.05)*** 

0.33 

(0.08)*** 

 0.24 

(0.03)*** 

 Operating expenses (NZ$/cow)   

Stocking rate (cows/ha) -0.17 

(0.07)** 

-0.08 

(0.04)** 

-0.07 

(0.04) 

-0.04 

(0.03) 

-0.06 

(0.05) 

 -0.09 

(0.03)*** 
UQR: unconditional quantile regression; OLS: ordinary least square; 

The dependent variables are the log forms of dairy profitability and operating expenses measured in NZ$/ha 

and NZ$/cow, respectively.  

Bootstrapped standard errors are in parenthesis;  * p<0.1; ** p<0.05;  *** p<0.01 
a The mean-based effects are estimated using a fixed effects model for panel data. 
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Appendix 

Table A1 The distributions of sample farms from 2005 to 2014 

year Frequency Percent Cum. 

2005 556 6.03 6.03 

2006 778 8.44 14.47 

2007 849 9.21 23.68 

2008 586 6.36 30.04 

2009 822 8.92 38.96 

2010 1,027 11.14 50.10 

2011 1,099 11.92 62.02 

2012 1,200 13.02 75.04 

2013 1,213 13.16 88.20 

2014 1,088 11.80 100 

Total observations 9,218 100  
Note: The total 9,218 observations are based on 3,040 dairy farms for the period 2005-2014. 

 

 


